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Abstract

Neurokinin A is not only a potent bronchoconstrictor, but also has immuno-modulatory effects in animals and man, mediated via
tachykinin NK receptors. We have examined the effect of the glucocorticoid, dexamethasone, on tachykinin NK receptor mRNA and2 2

the number of tachykinin NK receptors in bovine tracheal smooth muscle in vitro by Northern blot analysis using a human tachykinin2
w3 x �Ž . w ŽNK receptor cDNA probe and receptor binding assay using H SR48968 S -N-methyl-N 4-acetylamino-4-phenylpiperidino-2- 3,4-2

. x 4 Ždichlorophenyl butyl benzamide . Tachykinin NK receptor mRNA showed a time-dependent suppression 62% reduction after 6 h at2
y7 . Ž y810 M of dexamethasone , as well as a concentration-dependent suppression after the incubation with dexamethasone IC s1.3=1050
. Ž .M . This suppression was abolished by the glucocorticoid receptor antagonist, mifepristone RU38486 , indicating that dexamethasone

Ž .acts via the glucocorticoid receptor. It was also abolished by the protein synthesis inhibitor, cycloheximide 10 mgrml , indicating that
Ž .new protein synthesis is required on this suppression. Using the RNA polymerase inhibitor actinomycin D 5 mgrml , we showed that the

Ž .stability of tachykinin NK receptor mRNA was not affected by dexamethasone t s5 h . Nuclear run-on assays revealed a 51%2 1r2

reduction in the rate of tachykinin NK receptor gene transcription after treatment with dexamethasone for 6 h. Radioligand binding assay2
w3 xusing an selective tachykinin NK receptor antagonist, H SR48968 showed a significant decrease in the number of receptor binding2

Ž .sites after 16 h B s262"23 versus 213"13 fmolrmg protein for vehicle and dexamethasone treatment respectively, P-0.05 ,max

with no significant change at the earlier time points. These results suggest that glucocorticoids act on glucocorticoid receptors to decrease
tachykinin NK receptor expression by decreasing the rate of tachykinin NK receptor gene transcription. q 1998 Elsevier Science B.V.2 2
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1. Introduction

The tachykinins substance P and neurokinin A are
present within sensory C-fibers and are released by a

Žvariety of physical and chemical stimulants Solway and
.Leff, 1991; Joos et al., 1994; Barnes, 1995b . In the

airways, substance P and neurokinin A can increase bron-
Žchomotor tone and vascular permeability Barnes, 1991;

.Barnes et al., 1991 . Neurokinin A is more potent in
inducing contraction of airway smooth muscle than sub-

Žstance P Advenier et al., 1987; Martling et al., 1987;
.Frossard and Advenier, 1991; Sheldrick et al., 1995 and

asthmatic patients bronchoconstrict with neurokinin A
Žrather than substance P inhalation Joos et al., 1987;

.Cheung et al., 1993 . Recently, tachykinins have also been
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shown to have immuno-modulatory effects. Substance P
and neurokinin A induce the synthesis of inflammatory

Ž .cytokines in human blood monocytes Lotz et al., 1988 ,
enhance eosinophil chemotaxis induced by platelet-activat-

Ž .ing factor PAF or leukotriene B in asthmatic patients4
Ž .Numao and Agrawal, 1992 , stimulate human lung fibrob-

Ž .last proliferation and chemotaxis Harrison et al., 1995
Ž .and hematopoiesis Rameshwar and Gascon, 1996 . Neu-

rokinin A also increases airway responsiveness to acetyl-
Ž .choline in rats Chiba and Misawa, 1995 and to specific

Žantigen in guinea pigs Bertrand et al., 1993; Boichot et
.al., 1995 . These tachykinins exert their effects via specific

receptors. There are three types of tachykinin receptor;
tachykinin NK receptors are activated preferentially by1

substance P, tachykinin NK receptors by neurokinin A2
Žand tachykinin NK receptors by neurokinin B Regoli et3

.al., 1987 . These three receptors all belong to the super-
family of G protein-coupled receptors and exert their
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functions by activating phosphoinositide hydrolysis
Ž .Nakanishi et al., 1990 . Studies with selective antagonists
have demonstrated an important role for tachykinin NK 2

�Ž . wreceptors in the airways. SR48968 S -N-methyl-N 4-
Ž .acetylamino-4-phenylpiperidino-2- 3,4-dichlorophenyl

x 4butyl benzamide , a potent selective tachykinin NK re-2

ceptor antagonist, blocked hyperpnea-induced bronchocon-
Ž .striction in guinea pigs Solway et al., 1993 , inhibited

citric acid-induced airway hyperresponsiveness in guinea
Ž .pigs Girard et al., 1996 and also suppressed cough

Ž .induced by citric acid in guinea pigs Girard et al., 1995 .
SR48968 also inhibited significantly the maximum bron-
choconstriction induced by metabisulfite in guinea pigs
Ž .Sakamoto et al., 1994 . Tachykinin NK receptor mRNA2

expression has been shown to be increased fourfold in lung
samples from asthmatics compared with nonsmoking con-
trols, although tachykinin NK receptor mRNA levels1

Ž .were similar in the two groups Bai et al., 1995 .
Glucocorticosteroids are highly effective in controlling

asthma symptoms and inhibit the inflammatory response in
Ž .asthmatic airways Barnes, 1995a, 1996 . These effects are

due to interaction with glucocorticoid receptors, which,
after translocation to the nucleus, induce either activation

Ž .or suppression of gene transcription Barnes, 1995a, 1996 .
Whether glucocorticoids influence tachykinin NK recep-2

tor has not yet been investigated.
In this study, we have investigated the effects of a

glucocorticoid, dexamethasone, on tachykinin NK recep-2

tor expression in bovine tracheal smooth muscle.

2. Material and methods

2.1. Tissue preparation

Fresh bovine trachealis was obtained from the abattoir
and the smooth muscle layer was dissected after stripping
off epithelium and mucosa. The smooth muscle layer was
cut into small pieces in oxygenated Krebs–Henseleit solu-

ŽŽ .tion in mM : NaCl, 118; KCl, 5.9; MgSO , 1.2; CaCl ,4 2
.2.5; NaH PO , 1.2; NaHCO , 25.5 and glucose, 5.6 .2 4 3

Incubation was performed in Dulbecco’s modified Eagle’s
Ž . Ž .medium DMEM supplemented with 10% vrv fetal calf

serum, 2 mM L-glutamate, 100 IUrml penicillin, 100
mgrml streptomycin and 2.5 mgrml amphotericin B at
378C. The pieces of bovine tracheal smooth muscle were
placed in T-75 flasks and incubated in the absence or
presence of 10y10–10y6 M dexamethasone for the indi-
cated periods of time. The tissue was frozen and kept at
y708C for RNA extraction and membrane preparation. To
examine whether the effect of dexamethasone was medi-
ated via receptors, bovine tracheal smooth muscle were
pre-incubated with vehicle or 10y6 M mifepristone
Ž . ŽRU38486 , a glucocorticoid receptor antagonist Mogui-

.lewsky and Philibert, 1984 , for 1 h before addition of
10y7 M dexamethasone for a further 6 h. To estimate the

half-life of the tachykinin NK receptor mRNA in control2

and dexamethasone-treated tissues, bovine tracheal smooth
muscle was incubated in the absence and presence of 10y7

M DEX for 4 h before the addition 5 mgrml actinomycin
Ž .D for various times Rodgers et al., 1985 .

2.2. RNA isolation

A single-step method of RNA isolation using acid
guanidinium thiocyanate–phenol–chloroform extraction as

Ž .described by Chomczynski and Sacchi 1987 was used to
isolate total cellular RNA from bovine tracheal smooth

Ž .qmuscle. Poly A RNA was prepared using a PolyATtract
ŽmRNA isolation kit system IV Promega, Southampton,

.UK according to the manufacturer’s instructions. Samples
Ž .of mRNA were size-fractionated on a 1% wrv

agaroserformaldehyde gel containing 20 mM morpholi-
Ž .nosulfonic acid MOPS , 5 mM sodium acetate and 1 mM

ŽEDTA, pH 7.0 and blotted onto nylon membrane Magna,
.MA by capillary action using 20= standard saline citrate

ŽSSC; 1=SSC, 0.15 mM NaCl and 0.015 M sodium
.citrate, pH 7.0 .

2.3. Northern blot analysis

Random primer labelling was carried out with the 891
kb EcoRI and SacI fragment from the human tachykinin

ŽNK receptor cDNA kindly provided by Dr. J.E. Krause,2
.St. Louis, USA and the 1.3 kb Pst1 fragment from the rat

Ž .glyceraldehyde-3-phosphate dehydrogenase GAPDH
w 32 x ŽcDNA using a- P dCTP 3,000 Cirmmol; Amersham

.International, Amersham, UK . The blot was prehybridized
for 5 h in 50% formamide, 5=SSC, 5=Denhardt’s solu-

Ž .tion, 0.1% sodium dodecyl sulfate SDS , 10 mM
NaH PO and 100 mgrml sonicated denatured salmon2 4

sperm DNA and then hybridized with 32 P-labeled cDNA
probes for 12–16 h at 428C. After hybridization, the filter
was washed at high stringency in 0.1=SSC and 0.1%
SDS at 558C for 30 min. The filter was exposed to Kodak
OMAT XS film at y708C with an intensifying screen for
1–3 days. The nylon membranes were hybridized first to a
32 P-labeled human tachykinin NK receptor cDNA probe2

and subsequently to a GAPDH cDNA probe after strip-
ping. The autoradiograms were scanned with a laser den-

Žsitometer New Discovery Series; pdi, Huntingdon Station,
.NY . The amount of tachykinin NK receptor mRNA was2

quantified relative to the amount of GAPDH mRNA on the
same filter.

2.4. Nuclear run-on transcription assay

To determine whether dexamethasone changed the tran-
scription rate of tachykinin NK receptor mRNA, nuclear2

run-on transcription assays were performed as described
Ž .previously Greenberg and Bender, 1992 . Nuclei from
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frozen bovine tracheal smooth muscle incubated with or
Ž y7 .without dexamethasone 10 M for 6 h were isolated

and stored at y708C in Keller storage buffer at 25=106

Ž .nucleir100 ml. Each reaction final volume, 0.4 ml was
carried out in the presence of 5=107 isolated nuclei, 40

Ž .mM Tris–HCl pH 8.3 , 150 mM NH Cl, 7.5 mM MgCl ,4 2
Ž0.625 mM ATP, 0.313 mM GTP, 0.313 mM CTP Pro-

. w32 x Žmega, Southampton, UK , 0.5 mCi P UTP 800
Cirmmol, Du Pont-New England Nuclear, Stevenage,

.Herts, UK and 120 unitsrml recombinant ribonuclease
Ž .RNase inhibitor. Transcription reactions were allowed to
proceed for 30 min at 278C before termination by the
addition of 40 units of recombinant RNase inhibitor and 75

Ž .units of RQ-1 DNase Promega . After DNase and pro-

Fig. 1. Time-course of dexamethasone-induced tachykinin NK receptor2
Ž .NK-2R mRNA expression in bovine tracheal smooth muscle. Panel A:
Northern blot analyses with cDNA for tachykinin NK receptor and2

Ž .glyceraldehyde-3-phosphate dehydrogenase GAPDH after isolation of
Ž .qpoly A RNA. Bovine tracheal smooth muscle were incubated in

Ž . y7 Ž .absence C and presence of 10 M dexamethasone D for indicated
times. Panel B: Quantification of ratio of tachykinin NK-2R mRNA
relative to GAPDH mRNA. Mean"S.E.M. of 4 separate experiments are
shown; significance of difference from corresponding control value:
) ) ) P -0.001.

Fig. 2. Dose–response of dexamethasone-induced tachykinin NK recep-2
Ž .tor NK-2R mRNA expression in bovine tracheal smooth muscle. Panel

Ž .qA: Northern blot analyses of isolated poly A RNA, incubated in the
Ž .absence C or presence of increasing doses of dexamethasone for 6 h.

Ž . y1 0 y9Lane 1, vehicle control ; lane 2, 10 M dexamethasone; lane 3, 10
M dexamethasone; lane 4, 10y8 M dexamethasone; lane 5, 10y7 M
dexamethasone; lane 6, 10y6 M dexamethasone. Panel B: Densitometric
measurements of tachykinin NK-2R mRNA, mean"S.E.M. of 3 separate
experiments are shown; significance of difference from control values:
) ) ) P -0.001.

teinase K treatments, the radiolabelled RNA formed was
purified by phenol–chloroform extraction and precipitated
with ethanol three times in the presence of 1.33 M ammo-
nium acetate. An equal number of counts from each sam-
ple was added to slot blots, three slots on the same blot of

Ž .which 10 mg of either pGEM-3Z plasmid as control or
plasmid containing inserts of human tachykinin NK re-2

ceptor cDNA or rat GAPDH cDNA have been immobi-
lized to a nylon membrane. After hybridization for 72 h at
428C, the filters were washed at a final stringency of
0.1=SSC and 0.1% SDS at 558C, including a 30-min
digestion with 1 mgrml RNase A and 10 unitsrml RNase
T1 at 378C to digest any single-stranded RNA not hy-
bridized to DNA. After autoradiography, the film was
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scanned with laser densitometry and quantified by calcula-
tion of the ratio of tachykinin NK receptor cDNA signal2

to GAPDH cDNA signal.

2.5. Radioligand binding assay

Frozen bovine tracheal smooth muscle tissues were
ground under liquid nitrogen, suspended in 10 volumes of

Ž .ice-cold 50 mM Tris–HCl buffer pH 7.4 containing 0.32
M sucrose and homogenized with a Polytron homogenizer
at setting 6 for 30 s bursts. The homogenate was cen-
trifuged at 1000=g for 10 min at 48C to remove debris
and the supernatant was then centrifuged at 40 000=g for

Fig. 3. Effect of the glucocorticoid receptor antagonist mifepristone
Ž y6 .RU38486, 10 M and the protein synthesis inhibitor cycloheximide
Ž . Ž .10 mgrml on tachykinin NK receptor NK-2R mRNA in bovine2

tracheal smooth muscle. Panel A: Northern blot analysis of isolated
Ž .q Ž . y7poly A RNA in the absence of dexamethasone lane 1 , 10 M

Ž . Ž . Ž .dexamethasone DEX alone for 6 h lane 2 , cycloheximide CHX alone
Ž . Ž .lane 3 , combination of dexamethasone and cycloheximide lane 4 ,

Ž . Ž .RU38486 RU486 alone lane 5 and combination of dexamethasone and
Ž .RU38486 lane 6 . Panel B: Densitometric measurements of tachykinin

NK-2R mRNA, mean"S.E.M. of 3 separate experiments are shown;
significance of difference from control values: ) ) ) P -0.001.

Fig. 4. Effect of dexamethasone on stability of tachykinin NK receptor2
Ž . ŽNK-2R mRNA in bovine tracheal smooth muscle. Actinomycin D 5

.mgrml was added at 0 min to bovine tracheal smooth muscle pretreated
Ž . y7 Ž .for 4 h with vehicle ` or 10 M dexamethasone v for the times

indicated. Mean"S.E.M. of 3 separate experiments are shown.

20 min at 48C. The resulting pellet was washed and
recentrifuged at the same speed. The final pellet was

Ž .resuspended in 50 mM Tris–HCl pH 7.4 . Protein concen-
tration was determined by the method of Lowry et al.
Ž .Lowry et al., 1951 , using bovine serum albumin as a
standard.

The density and affinity of tachykinin NK receptors2

were assessed from saturation isotherms with the use of
w3 x Ž0.5–10 nM H SR48968 23 Cirmmol; kindly provided

.by Dr. Emonds-Alt, Sanofi Recherche, Montpelier, France
in a final volume of 0.5 ml of assay buffer containing
approximately 300–400 mg membrane protein in 50 mM

Ž .Tris–HCl pH 7.4 , 0.4 mgrml bovine serum albumin, 3
mM MnCl , 0.04 mgrml bacitracin and 0.004 mgrml2

Ž .chymostatin Emonds-Alt et al., 1993 . Non-specific bind-
ing was determined in the presence of 10y6 M SR48968.
After incubation at 258C for 30 min, bound and free
radioactivity were separated through Whatman GFrC

Žglass-fiber filters, presoaked for at least 3 h in a buffer pH
.7.4 containing 50 mM Tris–HCl, 0.02% bovine serum

albumin and 0.05% polyethylenimine. Filters were washed
3 times with 5 ml ice-cold buffer, using a Brandel cell
harvester and placed in vials with 4 ml of scintillation

Ž .mixture Filtron X, National Diagnostics, Manville, NJ
and counted on a Packard liquid scintillation counter
Ž .Packard 2200 CA model . Specific binding was deter-
mined by substraction of the non-specific binding from
total binding and usually accounts for 49–52% of total

Ž .binding. Maximal binding capacity B and dissociationmax
Ž .constant K were analyzed with the computerized non-d

Žlinear regression program LIGAND Munson and Rod-
.bard, 1980 .

2.6. Statistical analysis

Data are presented as means"S.E.M. Groups of data
were evaluated by analysis of variance. Data that appeared
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statistically significant were compared by paired Student’s
t-test, with Bonferroni correction for comparing the means
of multiple groups. Values of P-0.05 were considered to
be significant.

3. Results

3.1. Effect of dexamethasone on mRNA

As shown in Fig. 1A, mRNA isolated from bovine
tracheal smooth muscle gave rise to three hybridization
bands with estimated sizes of tachykinin NK receptor2

mRNAs of approximately 3.1, 2.7 and 2.3 kb, in both
dexamethasone-treated and control bovine tracheal smooth

Ž .muscle tissues. Two of the bands 3.1 and 2.7 kb are in

Fig. 5. Effect of dexamethasone on transcription of tachykinin NK 2
Ž .receptor NK-2R gene in bovine tracheal smooth muscle by nuclear

Ž . y7run-on assay in the absence control and presence of 10 M dexa-
methasone for 6 h. Panel A: A representative autoradiogram showing

Ž . Ž .quantification by GAPDH 1 ; pGEM-3Z 2 ; tachykinin NK receptor2
Ž .3 . Panel B: Laser densitometry, showing transcription rate of tachykinin
NK-2R gene as the ratio to GAPDH in control and DEX-treated tissues.
Average values from 2 separate experiments are shown.

Fig. 6. The effect of 10y7 M dexamethasone for 16 h on the number of
w3 xtachykinin NK receptors, determined by binding of H SR48968 in2

bovine tracheal smooth muscle. Mean"S.E.M. of 5 separate experiments
are shown; significance of difference from control values: ) P -0.05.

Žagreement with previous reports Sasai and Nakanishi,
.1989 , in which the authors concluded that the two

tachykinin NK receptor mRNAs differ in the lengths of2

the extreme 5X sequence of the 5X-untranslated regions. The
time course of the suppression of tachykinin NK receptor2

mRNA by dexamethasone revealed that a decrease in the
tachykinin NK receptor mRNA in all bands could be2

detected after 4 h and no further decrease could be ob-
Ž .served after 8 h Fig. 1B . Suppression of tachykinin NK 2

receptor mRNA by dexamethasone after 6 h could be
y8 Ždetected as low as 10 M dexamethasone IC s1.3=50

y8 .10 M, Fig. 2B . Although the glucocorticoid receptor
antagonist RU38486 alone had no effect on the expression
of tachykinin NK receptor mRNA, it completely blocked2

the suppressive effect of 10y7 M dexamethasone at 6 h
Ž .Fig. 3 , suggesting that the effect of dexamethasone on
tachykinin NK receptor likely mediated by the glucocor-2

ticoid receptor.
ŽThe protein synthesis inhibitor cycloheximide 10

.mgrml also completely blocked the suppressive effect of
10y7 M dexamethasone at 6 h on the expression of

Ž .tachykinin NK receptor mRNA Fig. 3 , indicating that2

new protein synthesis is required on the suppression by
dexamethasone.

A change in abundance of the tachykinin NK receptor2

mRNA could result from either an alteration in the degra-
dation rate or transcription rate of this mRNA. The stabil-
ity of the tachykinin NK receptor mRNA in the presence2

Ž .of RNA polymerase inhibitor actinomycin D 5 mgrml
was compared in control and dexamethasone-treated bovine

Ž .tracheal smooth muscle tissues Fig. 4 . Dexamethasone
treatment did not significantly change the degradation rate
of the tachykinin NK receptor mRNA; the half-life of2

tachykinin NK receptor mRNA was approximately 5 h in2

both control and tissues pretreated with 10y7 M dexa-
methasone for 4 h. These results suggest that the decreased
expression of tachykinin NK receptor mRNA in the2
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presence of dexamethasone is not due to decreased stabil-
ity of the tachykinin NK receptor mRNA.2

The rate of transcription of newly synthesized tachykinin
NK receptor mRNA calculated as a ratio to that of2

GAPDH mRNA, was reduced by 51% following 10y7 M
dexamethasone treatment for 6 h, compared with control
Ž .Fig. 5 .

3.2. Effect of dexamethasone on tachykinin NK receptor2

binding

w3 xH SR48968 binding assay showed a significant de-
crease in the number of binding sites by dexamethasone

Žafter 16 h B s262"23 versus 213"13 fmolrmgmax

protein for vehicle and dexamethasone treatment respec-
.tively, P-0.05, Fig. 6 , with no significant change at

earlier time points. The K values did not change signifi-d

cantly in control and dexamethasone-treated tissues.

4. Discussion

We have demonstrated that dexamethasone has a sup-
pressive effect on tachykinin NK receptor gene expres-2

sion in bovine tracheal smooth muscle. This is the first
report on the regulation of tachykinin NK receptor ex-2

pression by glucocorticoids.
The time-course study showed the decrease of the

tachykinin NK receptor mRNA expression by dexa-2

methasone was detected as earlier as 4 h, but a significant
reduction in tachykinin NK receptor protein was not seen2

Ž .until 16 h Figs. 1 and 6 . Thus, the decrease in tachykinin
NK receptor density was preceded by a decrease in the2

amount of tachykinin NK receptor mRNA. The glucocor-2

ticoid receptor antagonist RU38486 completely blocked
the suppressive effect of dexamethasone at 6 h, although
RU38486 alone had no effect on the expression of

Ž .tachykinin NK receptor mRNA Fig. 3 , suggesting that2

the effect of dexamethasone on tachykinin NK receptor2

gene acted on glucocorticoid receptor.
To investigate whether there was any change in the

stability of the tachykinin NK receptor mRNA in the2

bovine tracheal smooth muscle tissues treated with dexa-
methasone, a half-life study was performed, using the

Ž .RNA polymerase inhibitor actinomycin D 5 mgrml . The
Žhalf-life for tachykinin NK receptor mRNA approxi-2

.mately 5 h was not affected by dexamethasone, suggest-
ing that a change in the rate of tachykinin NK receptor2

gene transcription is likely responsible for the reduction in
Ž .the expression of tachykinin NK receptor mRNA Fig. 4 .2

This was confirmed by a nuclear run-on assay showing a
51% reduction in tachykinin NK receptor gene transcrip-2

Ž .tion after 6 h dexamethasone treatment Fig. 5 . The
protein synthesis inhibitor cycloheximide completely

blocked the suppressive effect of dexamethasone at 6 h on
Ž .the expression of tachykinin NK receptor mRNA Fig. 3 ,2

Ž .suggesting that the synthesis of a new protein s is re-
quired for the suppressive effect of glucocorticoids on
tachykinin NK receptor gene transcription. This indicates2

that the effect of glucocorticoid is not mediated directly on
the tachykinin NK receptor gene via a glucocorticoid2

responsive element, but indirectly via an effect on a tran-
scription factor that regulates the tachykinin NK receptor2

gene promotor region.
In this study, estimated sizes of tachykinin NK recep-2

tor mRNAs of approximately 3.1, 2.7 and 2.3 kb appeared
in both control and dexamethasone-treated bovine tracheal
smooth muscle tissues. In contrast to a previous study
using rat tissues, two hybridized bands with estimated

Žsizes of about 3.1 and 2.7 kb were observed Nakanishi et
.al., 1990 , which were explained by the authors due to the

differences in the lengths at the extreme 5X sequence of the
5X-untranslated regions. We consider all the three bands in
our results to be specific, because all three bands never
disappear even after the highest stringency washing after

Žhybridization i.e. 0.1=SSC and 0.1% SDS at 608C for
.2=30 min . Furthermore, all these bands have been found

identically in each independent experiment.
In human bronchus in vitro, it has been shown that the

tachykinin-induced contraction appears to be mediated
Žsolely by tachykinin NK receptors Sheldrick et al.,2

.1995 , which may be relevant in the pathophysiology of
asthma. The relevance of bovine tracheal smooth muscle to
human airways is that no detectable level of tachykinin
NK receptor mRNA has been found in this tissue. Inhaled1

neurokinin A induces bronchoconstriction in normal hu-
Ž .mans Cheung et al., 1992 , and in asthmatic patients

Ž .Cheung et al., 1993; Crimi et al., 1993, 1994 . Inhaled
neurokinin A also induces airway hyperresponsiveness in

Ž .allergic sheep Abraham et al., 1991 and enhances airway
Žresponsiveness to acetylcholine in rats Chiba and Misawa,

.1995 . A selective tachykinin NK antagonist blocks hy-2
Žperpnea-induced bronchoconstriction in guinea pigs Sol-

.way et al., 1993 and reduced allergen induced bron-
Žchoconstriction in guinea pigs Bertrand et al., 1993; Boi-

.chot et al., 1995 . These results suggest that neurokinin A
may play a role in the bronchial hyperreactivity in asthma,
which is an important feature of the disease. Furthermore,
neurokinin A induces the release of interleukin-1b , tumour

Ž .necrosis factor-a TNF-a and interleukin-6 from human
Ž .blood monocytes Lotz et al., 1988 and enhances PAF-, or

leukotriene B -induced chemotaxis of eosinophils in vitro4
Ž .Numao and Agrawal, 1992 . These results suggest that
neurokinin A may have some inflammatory effects in the
pathophysiology of asthma. Inhaled or systemic glucocorti-
costeroids are an effective therapy for the treatment of
asthma. They significantly improve lung function of the
patients with chronic asthma and reduce bronchial hyperre-

Ž .sponsiveness Katsunuma et al., 1993 . Thus, it is likely
that the down-regulation of tachykinin NK receptor ex-2
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pression by glucocorticoids may be one of the mechanisms
involved in controlling airway hyperresponsiveness.

In summary, we have shown the suppression of
tachykinin NK receptor mRNA expression as well as a2

reduction in the receptor density in bovine tracheal smooth
muscle by dexamethasone. This is due to a reduced rate of
gene transcription and appears to be secondary to the
synthesis of an as yet unidentified protein.
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