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Background: Airway epithelial cells are among the first cells to
come in contact with aerosolized corticosteroids. However, the
relative potencies and time course of action of the several com-
monly used aerosolized corticosteroids on eicosanoid produc-
tion by airway epithelial cells are unknown.

Objectives: This study compared the effects of fluticasone,
budesonide, and triamcinolone on eicosanoid output by human
airway epithelial cells in vitro. We also determined the spec-
trum of eicosanoids affected and the mechanism for corticos-
teroid action.

Methods: Cultured BEAS-2B airway epithelial cells (a trans-
formed cell line) were exposed to corticosteroids (1 nmol/L to 1
pumol/L) for 2 to 48 hours and then assayed for basal- and
bradykinin (BK)-stimulated eicosanoid output. The eicosanoid
profile was identified by HPLC in tritiated arachidonic acid
prelabelled cells, and PGE, the major eicosanoid product, was
quantitated by RIA. The effect of corticosteroids on the
immunoreactivity of key proteins involved in eicosanoid
metabolism (ie, cyclooxygenase [COX], phospholipase A2
[PLA 5], and Clara cell protein, a PLA, inhibitor) was deter-
mined by Western blotting.

Results: Eicosanoid output was largely confined to
prostaglandins with values of 5 + 2 and 82 + 35 ng PGHE.(?
cells for basal- and BK stimulation, respectively (n = 8). All 3
corticosteroids inhibited basal- and BK-induced PGE output

in a dose- and time-dependent manner. Fluticasone and budes-
onide completely eliminated PGE output in nanomolar con-
centrations in contrast to triamcinolone, which required
micromolar concentration. The rank order of potency was:
fluticasone = budesonide > triamcinolone. The time course of
action for PGE, inhibition also differed, with budesonide act-
ing more slowly than the other 2 corticosteroidsR = .04). All 3
corticosteroids markedly reduced COX2 with little effect on
COX1, cPLA, (Type IV), or iPLA , (Type VI) immunoreactivi-
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ty or their relative distribution in cytosol versus membrane
fractions. Clara cell protein immunoreactivity was unde-
tectable in control and corticosteroid-treated cell lysates.
Conclusion: These results show that in a human airway epithe-
lial cell line, the 3 inhaled corticosteroids commonly used to
treat asthma differ in onsets of action as inhibitors of
prostaglandin synthesis and vary considerably in potency. All

3 corticosteroids act mechanistically in similar fashion by
inhibiting COX2 synthesis. (J Allergy Clin Immunol
1999;103:1081-91.)
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Eicosanoid products of arachidonate metabolism
appear to contribute significantly to the pathogenesis of
asthmal.2 Eicosanoids released into the airway affect the
recruitment and activation of inflammatory cells, mucous
secretion, bronchoconstriction, parasympathetic neuro-
transmission, and mucosal edehfaProstaglandin and
leukotriene levels in bronchoalveolar lava§eand
prostaglandins released by epithelial ¢eftem asth-
matic subjects are increased when compared with normal
subjects.

In the airways, epithelial cells are the first cells to
encounter inhaled corticosteroids, mainstays in the treat-
ment of asthma. However, little or nothing is known about
the relative potencies and time courses of action of the
several corticosteroid drugs currently in use to treat asth-
ma on eicosanoid synthesis by human epithelial cells.
Accordingly, this study compared the magnitude and time
course of effects of 3 widely used corticosteroids, flutica-
sone, budesonide, and triamcinolone, on eicosanoid pro-
duction by cultured human airway epithelial cells. The
profile of eicosanoids was assessed by HPLC.

In the airways, corticosteroids produce complex, cell-
type dependent effects on eicosanoid metabolism. For
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few studies on airway epithelial cells have examined the
effects of corticosteroids on the expression of phospholi-
pase A2 (PLA) and cyclooxygenase (COX), the princi-
pal enzymes catalyzing eicosanoid synth&siSThere-

1081



1082 Aksoy et al J ALLERGY CLIN IMMUNOL
JUNE 1999

TABLE I. Effect of corticosteroid pretreatment on tritiated

Abbreviations used AA uptake in BEAS-2B cells
AA: Arachidonic acid

X . Treatment* DMSO FLU BUD TRI
BK: Bradykinin
CC10: Clara cell 10-kd protein PercentAA 89.3+13 90.1+03 91.3%06 87.6+23
COX: Cyclooxygenase uptake over
DMSO: Dimethyl sulfoxide 24 hours
KHS: Krebs-Henseleit solution
PLA,: Phospholipaseé\ FLU, FluticasoneBUD, budesonideTRI, triamcinolone.

*BEAS-2B cell monolayers were pretreated with solvent vehicle DMSO or
1 umol/L corticosteroid for 48 hours. Tritiated AA was present during the
final 24-hour period. Data are means * SE for 4 experiments.

TBST: Tris/saline/Tween-20 solution
TxB,: Thromboxane B

fore corticosteroid effects on epithelial cell PLANd Eicosanoid samples were dissolved inuB5of acetonitrile, and
COX protein expression were also examined in this studéluate from a 23 injection was collected as 30-second (0.5 mL)
by using Western blotting. fractions over a 55-minute period afietounted for tritium activi-

ty. The eicosanoid standards (Cayman Chemical Co, Ann Arbor,
METHODS Mich) shown in Fig 1 underwent chromatography in series with
Cell culture each sample and monitored by UV light (Fig 1).

) ) RIA. PGE, release was also measured by RIA in cells not

In these studies we used the R1 subtype of the BEAS-2B epithe|ype|ieq with tritiated AA for potency and time course studies. After
Iial_cel[ line (a gift of Dr Curtis Harris, National Cancer Institut_e), corticosteroid exposure over a time range of 2 to 48 hours, BEAS-
which is derived from SV40-transformed human bronchial epithe- g celis were treated with BK as described above. Sample solutions
lial cells4 This BEAS-2B cell line has been used byend oth- \yere then collected, centrifuged at 2§36r 15 minutes, and ana-
ersté.17to study the regulation of eicosanoid metabolism in humanlyzed for PGE by using a commercially available RIA kit (Du
airway epithelial cells. Cells were cultured in 100-mm flasks or in Pont-NEN, Boston, Mass) as described previotisly.
6-well plates with RPMI-1640 medium plus 10% FBS, which was
changed at 48-hour intervals. Cultures were grown at 37°C in 5% H : Tt
CO,/95% air until confluent (10 to 14 days). Confluent cell mono- WeStem_ blotting _for |mmunoreact|V|tY
layers were treated with corticosteroids and assayed for eicosanoi EXPression of PLAZ isoforms cPLAType IV) and iPLA (Type
release by HPLC or RIA (see below). Cells were then harvested bV!), COX isoforms COX1 and COX2, and the Pyihibitor Clara
exposure to trypsin/EDTA at 37°C for 7 minutes. Cell number wasCell 10-kd protein (CC10) were determined by Western blotting.
determined by Coulter counter or hemocytometer, and viability wasConfluent BEAS-2B cells (5 to 10 10° cells/dish) were dispersed
determined by trypan blue exclusion. Cell numbers ranged from &N 100 to 300uL of ice-cold cell lysis buffer (50 mmol/L HEPES

to 10x 108/flask and 1 to 5 106/well. [pH 8.0], 1 mmol/L EDTA, 1 mmol/L EGTA, 1 mmol/L dithiothre-
itol, 0.5 mmol/L phenylmethylsulfonyl fluoride, 5ag/mL leu-
Protocols peptin, 10pumol/L phosphoramidon, 1fig/mL soybean trypsin

inhibitor, and 100ug/mL aprotinin). Lysates were centrifuged at

Fluticasone (Glaxo, Research Triangle Park, NC), budesonide ;
100Qy for 5 minutes, and the resultant low-speed supernatant was

and triamcinolone (Sigma, St Louis, Mo) were diluted in medium to h | ifuged o h ield i
final concentrations of 0.1 nmol/L topdnol/L. In each experiment, then ultracentrifuged at 100,090or 1 our to yie cytosolic

cell cultures were incubated with medium plus corticosteroid Or(supernatant) and membrane (pellet) fractions, which were frozen at
vehicle (dimethyl sulfoxide [DMSO]) control —80°C until needed. Total cell fraction protein was determined by the

HPLC. The profile of eicosanoids released in response tOBiorad DC microtiter plate assay (Biorad). Electrophoresis and

bradykinin (BK) was measured in confluent cell cultures radiola- transfer };yere then performeq as previously descﬁ@)ed._ .
belled with tritiated arachidonic acid (AA) (Du Pont-NEN, Boston, _SPecific, non-cross-reactive COX1 and COX2 antibodies were
Mass) as previously describ&19Over the last 24 hours of corti- obtained from Oxford Biomedical Research Co. Antibodies for

costeroid treatment, cell monolayers were immersed in mediuncPLA2 (TyPe IV) and iPLA2 (Type VI) were ot_)tained from Cay-
containing 10% FBS, 0.1 mg/mL BSA, and tritiated AAUQI/108 man Chemical Co and used in conjunction with a second cPLA2
cells). Under these conditions, approximately 90% of the radiola—anthOdy from Sgnta Cruz Blotechnol_ogy CorP- CQlO ant_lbody and
belled AA is absorbed by the cells (Table I). Cells were then Washe(Standard Were_glfts of Dr Gurmukh Singh (University of Plt_tsburgh)
twice with 5 mL of Krebs-Henseleit solution (KHS) and incubated 29 Dr A- L. Pilon (Claragen, Inc, Bethesda, Md), respectively. Al
in 5 mL of KHS containing the corresponding corticosteroid (KHS- antibodies were incubated with the membrane forol hour in TBST
C) for 60 minutes. The cells were then sequentially exposed for 6((20 mmol/L Tris [pH 7.5], 500 mmol/L NaCl, 0.05% Tween 20)

minutes to fresh KHS-C to measure basal eicosanoid output anP!US 5% nonfat dry milk at 25°C. After reaction with the primary
then exposed to KHS-C plus 10 to @Mol/L BK. These steroid- antibody, membranes were washed 6 times with TBST and incubat-

C‘ed at room temperature for 1 hour with a 1:25,000 dilution of goat
anti-rabbit 1gG conjugated to horseradish peroxidase (Pierce).
Membranes were washed 6 times in TBST and visualized by
enhanced chemiluminescence (SuperSignal kit, Pierce) on conven-
tional x-ray film. Several different exposure times were used to
ensure that images obtained were in the linear range of detection.

containing and vehicle-control solutions were processed for HPL
as previously described.19

Reverse-phase HPLC was performed on a 1090M chromato
graph (Hewlett Packard, Palo Alto, Calif) equipped with a diode
array detector and a DynamaxyuB8t ODS column (4.6 mmx 100
mm) with guard cartridge (Rainin Instruments, Inc, Woburn, Mass).
Eicosanoids were eluted by using a double gradient solvent syster .
according to the method of Aksoy et'8This double gradient Data analysis
effectively resolves prostaglandins, mono-acids, dihydroxy-acids, Group data are reported as the mean + 1 SE and represent data
and epoxy-acids, as well as leukotriengadd isomers (Fig 1). from at least 3 experiments. Statistical significance of differences in
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FIG 1. Reverse phase HPLC of eicosanoids. Elution times of eicosanoid standards along with the gradient time
course plotted as percent phase B versus time are shown. EET, Epoxyeicosatrienoic acid; HETE, hydroxye-
icosatetraenoic acid; DiHETrE, dihydroxyeicosatetraenoic acid.

sample means was analyzed by the 2-tailed Studetets. Time-  TABLE Il. Effect of corticosteroid exposure (1 pmol/L) on
course data were assessed by repeated measures ANOVA, with ttotal eluted radioactivity released by BK in cultured
Tukey test as a post hoc multiple comparison procedure. In all castgeAS-2B cells
statistical significance was acceptedPatalues of less than .05.

. . Treatment*
Curve fitting of dose-response and time-course data was performe
by linear regression with second- or third-order polynomial fits.

RESULTS
Effect of BK stimulation on eicosanoid
release by BEAS-2B epithelial cells

FLU BUD

22+7

TRI
33+12

Total released cpm
(% control)t

27 %5

FLU, FluticasoneBUD, budesonideTRI, triamcinolone.

*BEAS-2B cell monolayers were preincubated with tritiated AA plus

DMSO vehicle or Jumol/L corticosteroid and then equilibrated in KHS

and exposed to BK.

BEAS-2B cells treated with DMSO solvent vehicle tFor each radiochromatogram, cpm for all eluted fractions were summed to

. I, . obtain the total eluted radioactivity released in the presence of BK. Total
released Pngasa”y in addition to arachidonate and released cpm represents a combination of free tritiated AA and labelled
trace amounts of the non-COX product, 5, 6-€pOXy€-eicosanoid products and is normalized to the DMSO control. Data are

icosatrienoic acid (EET) (Fig 2, dotted ling. A 1-hour
stimulation by 30umol/L BK markedly increased
prostanoid output, yielding PGEs the major product

(Fig 2, A, solid ling. PGE output (as determined by the legend), Jumol/L corticosteroid inhibited basal- and

means + SE for 5 experiments. Corticosteroid treatment versus control was
significant P < .05) for all 3 steroids.

RIA) increased from 5 + 2 ng/$@ells to 82 + 35 ng/10
cells (n = 8) as a result of BK stimulation. Small
amounts of PGf, PGA, (a metabolite of PGR, 12-

hydroxyheptadecatrienoic acid, and 3 unidentified pe

BK-stimulated release of the identified COX metabolites
er (eg, >95% reduction of PGE(Fig 2,B to D). At a lower

concentration (10 nmol/L), inhibition of prostanoid release
akwas less but still apparent (Figi8to C).

that eluted at 22, 24, and 28 minutes were also release All 3 corticosteroids also inhibited the total counts per

Leukotriene B, TxB,, PGD,, and 6-keto-PGf; (derived
from PGJ) were not detected.

Effect of corticosteroid treatment on the pro-
file of prostanoid release by BEAS-2B cells

Corticosteroid treatment (dmol/L for 48 hours) had no
effect on tritiated AA uptake by BEAS-2B cells (Table |

minute (ie, the sum of radiolabelled arachidonate plus
eicosanoid products) released by BK stimulation (Table
I). Inhibition by all 3 corticosteroids at imol/L was
significant f < .05) and ranged from 67% for triamci-
nolone to 78% for budesonide.

). Dose dependence of corticosteroid inhibition

All 3 corticosteroids (fluticasone, budesonide, and tri-of PGE; release by BEAS-2B cells

amcinolone) inhibited basal- and BK-stimulated prostan

oic At 1 and 0.1umol/L, all 3 corticosteroids significant-

release in a dose-dependent fashion. In representatily inhibited PGE release (analyzed by RIA) to less than
radiochromatograms (with total PGReak areas listed in  10% of the control levelR < .05) (Fig 4). At 10 and 1
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FIG 2. Effect of 1 umol/L corticosteroid exposure on eicosanoid release by BK in cultured BEAS-2B cells.
Radiochromatograms show basal- (dotted line) and BK-evoked (solid line) eicosanoid profile for cultures pre-
treated with DMSO vehicle (A); fluticasone (B); budesonide (C); and triamcinolone (D). Labels show elution
times of eicosanoid standards. The total peak areas for PGE, in cpm are as follows: DMSO 32546 (A); flutica-
sone 223 (B); budesonide 125 (C); and triamcinolone 483 (D). Data of 1 experiment representative of 4. 5, 6-
EET, 5,6-epoxyeicosatrienoic acid; 72-HHT, 12-hydroxyheptadecatrienoic acid.

nmol/L, fluticasone and budesonide inhibited BGE of the control level, respectively). These data yield the

release to less than 15% of the control level. In contrastfollowing rank order of potency for corticosteroid-

at 10 nmol/L triamcinolone inhibited PGEelease to
only 54% + 9% of the control level and had no effect atonide > triamcinolone. Median effective concentration
1 nmol/L P> .1). Fluticasone and budesonide continuedvalues were 0.5 nmol/L for fluticasone and budesonide

induced inhibition of PGErelease: fluticasone = budes-

to inhibit PGE release at 0.1 nmol/L (to 64% and 74% and 10 nmol/L for triamcinolone.
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Time course of corticosteroid inhibition of of fluticasone and budesonide showed a time course sim-
PGE, release by BEAS-2B cells ilar to that of fluticasone (data not shown).

The time course of PGEnhibition was examined for Effect of corticosteroid treatment on COX,

all 3 corticosteroids (n = 9 experiments). Over the 26.PLA2, and CC10 protein synthesis by BEAS-

hour interval shown in Fig 5, inhibition was observed by2B cells

2 hours and was maximal at 14 hours. However, the tim

course of fluticasone (10 nmol/L) was significantly more Control cells expressed primarily COX2 with little
rapid than that for budesonide (10 nmol/B) £ .043). COX1 (Fig 6,A). COX2 immunoreactivity was concen-
Triamcinolone given in a 10-fold greater concentrationtrated in the membrane fraction. Fluticasone (10
(200 nmol/L) to achieve a maximal effect similar to thatnmol/L), budesonide (10 nmol/L), or triamcinolone (100
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FIG 3. Effect of 10 nmol/L corticosteroid exposure on eicosanoid release by BK in cultured BEAS-2B cells.
Radiochromatograms show basal- (dotted line) and BK-evoked (solid line) eicosanoid profile for cultures pre-
treated with fluticasone (A); budesonide (B); and triamcinolone (C). The peak areas for PGE, in cpm are as
follows: fluticasone 2321 (A); budesonide 1005 (B); and triamcinolone 14646 (C). Data of 1 experiment repre-
sentative of 4. 5, 6-EET, 5,6-epoxyeicosatrienoic acid; 712-HHT, 12-hydroxyheptadecatrienoic acid.

nmol/L) administered for 48 hours completely eliminat- membrane fractions (Fig A). Immunoreactivity for

ed COX2 immunoreactivity (Fig 6C). In contrast, iPLA, was also detected, but in contrast to cklaid

COX1 immunoreactivity was not decreased (Fi®)5, COX2 it was equally distributed between the membrane
cPLA, immunoreactivity was concentrated in the and cytoplasm. Like cPLAIPLA, showed no consistent

cytosol. In 3 experiments on separate cultures, flutica-change with corticosteroids (Fig B).

sone (10 nmol/L) had no consistent effect on cRLA  No CC10 immunoreactivity was detected in cytosolic

immunoreactivity or its partition between cytosolic and or membrane fractions from control or fluticasone-treat-
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FIG 4. Concentration response relationship for corticosteroid inhi-

bition of PGE, release from BK-stimulated BEAS-2B cells. Data FIG 5. Tlm.e course for corticosteroid inhibition of PGE, release
shown are means + SE of released PGE, concentration measured from BK-stimulated BEAS-2B cells. Confluent BEAS-2B cells were

by RIA and are expressed as a percent of the DMSO vehicle con- pretreatt.ed with fluticasone (10 nmol/L) or budesonide (10 nmol/L)
trol (n = 8 experiments). Lines represent linear regression best fit over a t.lme range of 2 to 26 hour§ and.then assayed for P_GE2
with a third-order polynomial. release in response to BK as described in the Methods section.
Data are expressed as a percent of the DMSO vehicle control (n =
9 experiments) and are calculated as means = SE. Lines represent
linear regression best fit with a second order polynomial.

ed BEAS-2B cells with up to 70g of protein loaded in
each lane.

DISCUSSION sis22In fact, the BEAS-2B system is a suitable model to
study corticosteroid effects on airway prostanoid metab-
In this study BK stimulation elicited a pronounced olism because the prostanoid profile in response to BK is
increase in the COX products P&&ihd PGA (a break-  similar to that elicited in primary cultured human airway
down product of PGH and a smaller release of 12- epithelial cells?3.24 However, the applicability of our
hydroxyheptadecatrienoic acid and BgFas well as  findings to eicosanoid metabolism of human airway
free arachidonate. Accordingly, under the conditions olepithelial cells in vivo requires further study.
our experiment, eicosanoid production depended on th  To our knowledge, this study is the first to compare the
activity of both PLA, which releases AA from mem- relative potency of several corticosteroids commonly
brane phospholipid&; and COX, which converts AA to used in the treatment of asthma on eicosanoid production
the PGG/PGH, intermediates necessary for PG synthe-in human airways epithelial cells. All 3 corticosteroids
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FIG 6. Effect of corticosteroid treatment on COX expression in BEAS-2B cells. A shows COX1 and COX2
immunoblots from the same lysate processed under identical conditions except that the anti-COX1 concen-
tration was 10 times greater than that for anti-COX2. COX2 immunoreactivity markedly exceeded that for
COX1. B and € are immunoblots showing COX1 (B) and COX2 (C) immunoreactivity in control- and corti-
costeroid-treated lysates. COX1 immunoblots are enlarged, and exposure time is increased relative to COX2
to facilitate visualization of COX1 levels. The predominant isoform, COX2, was concentrated in the membrane
fraction and was markedly reduced by all 3 steroids. STND, Standard; CONT, control; FLU, fluticasone; BUD,
budesonide; TR/, triamcinolone.
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STND CONT CONT FLU

85KDa — W “ o

A
CYTOSOL MEMBRANE
CONT FLU \ CONT FLU

FIG 7. Effect of corticosteroid treatment on PLA, expression in BEAS-2B cells. Immunoblots showing cPLA2
(A) and iPLA2 (B) immunoreactivity in control- and fluticasone-treated BEAS-2B cell lysates. Immunoreactiv-
ity of cPLA2 and iPLA2 isoforms was not significantly reduced by 10 nmol/L fluticasone. STND, Standard;
CONT, control; FLU, fluticasone.

85kDa ==

inhibited basal- and BK-evoked release of BGEd Fluticasone and budesonide suppressed prostaglandin
other prostanoids (PGAand PGE,). Inhibition of output at concentrations as low as 1 nmol/L. In contrast,
prostaglandin production was dose dependent. At thetriamcinolone had no effect at 1 nmol/L. The rank order
highest concentration used (mol/L), all 3 corticos-  of potency for corticosteroid inhibition of PGEynthe-
teroids almost completely eliminated basal- and BK- sis in cultured human airway epithelial cells was as fol-
stimulated prostaglandin output. At lower concentra- lows: fluticasone = budesonide > triamcinolone. This
tions, the effectiveness of the 3 corticosteroids differed.potency order generally correlates with the ranking for
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glucocorticoid receptor-binding affinity (ie, fluticasone >  Most cell types express 2 distinct isoforms of COX: a
budesonide > triamcinolonéj.For all 3 corticosteroids, constitutive COX (ie, COX1) and a COX induced by
the time course of action showed a rapid onset of inhibiinflammatory mediators, such as LPS, phorbol esters, and
tion (within 2 hours), with a maximum effect attained by cytokines (ie, COX2%2.38.3%Walenga et &4F and Asano et

14 hours. Of interest, the time course for fluticasone waal*0 report that human airway epithelial cells (eg, primary
significantly faster than that of an equimolar concentra-cells, 16HBE40-) and alveolar epithelial (A549) cells
tion of budesonide. Differences between the time coursdepart from this scheme by constitutively expressing
es of fluticasone and budesonide may reflect differenceCOX2 but little or no COX1. Our results agree with these
in lipophilicity, which influence cellular uptake. Flutica- findings. In BEAS-2B cells, COX2 was the predominant
sone has been shown to be considerably more lipophiliconstitutive isoform, suggesting that BK-evoked
than budesonidé prostaglandin synthesis is primarily catalyzed by COX2.

. . . ) Corticosteroid treatment markedly suppressed COX2
Potential mechanism(s) of corticosteroid expression without affecting COX1 expression. This
action in human airway epithelial cells effect was produced by all 3 corticosteroids, even at a

In our experiments corticosteroid treatment markedlyconcentration of 10 nmol/L. The profound corticosteroid
reduced the total tritiated counts released (Table II). At Jinhibition of COX2 likely explains the decrease in the
pmol/L, this decrease ranged from 67% to 78%. A reducprostanoid output. Moreover, because prostanoid release
tion in total counts could be explained by a corticos-comprised approximately 80% of the total released
teroid-induced decrease in labelled arachidonate incoicounts, the 95% inhibition of prostanoid release by corti-
poration or in subsequent release of labelled arachidccosteroids (Figs 2 and 4) could explain the 70% to 80%
nate and eicosanoid products from membrane phosphreduction in total radioactivity (Table ).
lipids. In our experiments none of the 3 corticosteroids It could be argued that inhibition of COX expression
significantly affected the rate or extent of tritiated AA without an effect on PLAwould shunt arachidonate into
uptake (Table 1). Consequently, the reduction in totallipoxygenase or epoxidase pathways or increase the
counts strongly suggests a decrease in net arachidamount of free arachidonate in the medium. However, in
nate/eicosanoid release. medium from BK-stimulated BEAS-2B cells, lipoxyge-

In epitheliaf6.27 and othe?8.29cell systems, corticos- nase and epoxidase products were scant or undetectable,
teroids have been shown to inhibit the cytosolic form ofand arachidonate levels were slight and unaffected either
PLA,. Epithelial cell6.27including the BEAS-2B cell by BK or corticosteroids. To account for this, we surmise
line,16.30 express the ubiquitous 85-kd, €sensitive  that much of the “unused,” free arachidonate produced in
cPLA, (Type IV). A similar 85-kd PLA isoform, termed  corticosteroid-treated cells may have been retained or
iPLA, (or Type VI PLAy), which occurs as a homote- reincorporated into the cell membrane and that lipoxyge-
tramer with ankyrin repeats, is found in nase/epoxidase activity in BEAS-2B cells is negligible.
macrophages!31.32|n our studies immunoreactivity for Our data showing inhibition of COX2 expression by
both cPLA and iPLA, was detected in BEAS-2B cells. corticosteroids are in agreement with the results present-
However, 10 nmol/L fluticasone did not decrease cPLA ed by Mitchell et at3 Mitchell et al demonstrated that
or iPLA, expression. Therefore at this concentration cor-dexamethasone (Imol/L) pretreatment inhibited consti-
ticosteroids do not appear to inhibit P&Gielease by  tutive and cytokine-stimulated COX2 protein expression
inhibiting PLA, expression. in primary cultures of human airway epithelial cells. In

In its native form, CC10 is a potent inhibitor of contrast, our data are at variance with the results present-
PLA,33 and can be upregulated in the rat and rabbit byed by Walenga et #in the same cell types. Walenga et
corticosteroid$4-36 To determine whether changes in al reported that dexamethasone (iffol/L) did not
CC10 expression could explain corticosteroid inhibitionaffect constitutive or phorbol ester—stimulated increases
of eicosanoid synthesis, we assessed CC10 expressicin COX2 mRNA or COX activity (assessed by using
In our studies CC10 could not be detected in BEAS-2Eradiolabeled arachidonate) in primary cultures of human
cell lysates despite loading as much aug®f protein.  airway epithelial cells. The explanation for the differing
Failure to detect CC10 immunoreactivity argues againsresults obtained by Mitchell et al and ourselves compared
this pathway as a mechanism for the effects of corticoswith those of Walenga et al are unclear.
teroid observed in this study. Of note, our studies were The clinical consequences of corticosteroid inhibition
performed on unconcentrated, unfiltered whole cellof prostaglandin release by human airway epithelial cells
lysates because our interest was in CC10 acting intraceare of interest but can only be speculated on because
lularly in an autocrine fashion. A recent study did deteciPGE, has both deleterious and beneficial effects on air-
CC10 release into the medium by BEAS-2B cells wherway function and inflammation. PGEncreases airway
using filtered and 200-fold—concentrated medi®/m. irritant receptor activity, tachykinin release, and cap-
Nonetheless, because we did not measure,RicAvity, saicin-induced cough in human subjetdowever,
we cannot rule out the possibility that corticosteroidPGE, also dilates airway smooth muséfeinhibits the
treatment decreased PLActivity without affecting release of acetylcholine from parasympathetic motor end-
expression. In fact, PLAundergoes extensive posttrans- plates#3inhibits mucus secretiot,inhibits the release of
lational modification, which affects its activigy. proinflammatory cytokines from activated inflammatory
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cells#5 and, by increasing intracellular cAMP levels,
stimulates NO production from airway epithelial céfls.
The expression of COX2 and subsequent release of PGE
by airway epithelial cells may represent a protective effect;s
against airway inflammation and airway hyperreactivity.
However, the proinflammatory effects of P&ieleased

by cells in the airway other than epithelial cells may out- 16

weigh any potential beneficial effects of PGEleased by
epithelial cells. If so, then the inhibitory effects of corti-
costeroids on COX2 expression and B@&ease exert
favorable effects on airway function.

In conclusion, this study indicates that prostaglandinls'

output from cultured airway epithelial cells is reduced in

dose- and time-dependent fashion by 3 clinically usedio.

corticosteroids. The steroids exhibit similar, but not iden-
tical, time courses and vary in potency, with fluticasone
and budesonide more potent than triamcinolone. An
important site of inhibitory action appears to be COX2.

We wish to recognize the expert technical assistance of Ms Carleﬂ'
22.

Tyler in cell culture and Mr Remus Baretta in HPLC analysis.

REFERENCES

1. Barnes PJ, Chung KF, Page CP. Inflammatory mediators and asthma

Pharmacol Rev 1988;40:49-84.

1991;143:188-203.
. Wenzel SE, Larsen GL, Johnston K, Voelkel NF, Westcott JY. Elevated

levels of leukotriene C4 in bronchoalveolar lavage fluid from atopic asth- 25.

matics after endobronchial allergen challenge. Am Rev Respir Dis
1990;142:112-9.

. Lam S, Chan H, LeRiche JC, Chang-Yeung M, Salari H. Release of
leukotrienes in patients with bronchial asthma. J Allergy Clin Immunol
1988;81:711-7.

. Wardlaw AJ, Hay H, Cromwell O, Collins JV, Kay AB. Leukotrienes,
LTC4 and LTB4, in bronchoalveolar lavage in bronchial asthma and other
respiratory diseases. J Allergy Clin Immunol 1989;84:19-26.

release after bronchoalveolar lavage allergen challenge in atopic asth
matics and control groups. Am Rev Respir Dis 1989;139:450-7.

. Liu MC, Bleecker ER, Lichtenstein LM, Kagey-Sobotka A, Niv Y,
McLemore TL, et al. Evidence for elevated levels of histamine,
prostaglandin D2, and other bronchoconstricting prostaglandins in the

airways of subjects with mild asthma. Am Rev Respir Dis 1990;142:126- 30.

32.

. Dworski R, Fitzgerald GA, Oates JA, Sheller JR, Workman R, Prakash C.
Effect of oral prednisone on airway inflammatory mediators in atopic
asthma. Am J Respir Crit Care Med 1994;149:953-9.

. Campbell AM, Chanez P, Vignola AM, Bousquet J, Couret |, Michel FB,
et al. Functional characteristics of bronchial epithelium obtained by

brushing from asthmatic and normal subjects. Am Rev Respir Dis 32.

1993;147:529-34.

10. Sebaldt RJ, Sheller JR, Oates JA, Roberts LJ I, Fitzgerald GA. Inhibi-

tion of eicosanoid biosynthesis by glucocorticoids in humans. Proc Natl 33.

Acad Sci USA 1990;87:6974-8.
Schleimer RP, Schulman ES, MacGlashan DW Jr, Peters SP, Hayes EC
Adams GK Ill, et al. Effects of dexamethasone on mediator release from

11.

human lung fragments and purified human lung mast cells. J Clin Invest34.

1983;71:1830-5.

12. Walenga RW, Kester M, Coroneos E, Butcher S, Dwivedi R, Statt C.

Constitutive expression of prostaglandin endoperoxide G/H synthetase35.

(PGHS)-2 but not PGHS-1 in human tracheal epithelial cells in vitro.
Prostaglandins 1996;52:341-59.

13. Mitchell JA, Belvisi MG, Akarasereenont P, Robbins RA, Kwon O-J,

Croxtall J, et al. Induction of cyclo-oxygenase-2 by cytokines in human 36.

pulmonary epithelial cells: regulation by dexamethasone. Br J Pharmacol
1994;113:1008-14.

14. Reddel RR, KeY, Gerwin Bl, McMenamin MG, Lechner JF, Su RT, etal. 37

17.

23.

. Holtzman MJ. Arachidonic acid metabolism. Am Rev Respir Dis 24.

26.

27.

. Wenzel SE, Westcott JY, Smith HR, Larsen GL. Spectrum of prostanoid 28.

29.

31

J ALLERGY CLIN IMMUNOL
JUNE 1999

Transformation of human bronchial epithelial cells by infection with
SV40 and adenovirus-12 SV40 hybrid virus or transfection via strontium
phosphate coprecipitation with a plasmid containing SV40 early region
genes. Cancer Res 1988;48:1904-9.
. Aksoy M, Borenstein M, Kelsen S. ATP and bradykinin stimulate
eicosanoid production in human airway epithelial cells [abstract]. Am J
Respir Crit Care Med 1994;149:A988.
Angus CW, Shelhamer JH. Interferpmduces the synthesis and activa-
tion of cytosolic phospholipase A2. J Clin Invest 1994;93:571-7.
Noah TL, Paradiso AM, Madden MC, McKinnon KP, Devlin RB. The
response of a human bronchial epithelial cell line to histamine: intracel-
lular calcium changes and extracellular release of inflammatory media-
tors. Am J Respir Cell Mol Biol 1991;5:484-92.
Aksoy MO, Borenstein M, Li X-X, Kelsen SG. Eicosanoid production in
rabbit tracheal epithelium by adenine nucleotides: mediation by P2-
purinoceptors. Am J Respir Cell Mol Biol 1995;13:410-7.
Leikauf GD, Driscoll KE, Wey HE. Ozone-induced augmentation of
eicosanoid metabolism in epithelial cells from bovine trachea. Am Rev
Respir Dis 1988;137:435-42.
. Sambrook J, Fritsch EF, Maniatis T. Molecular cloning: a laboratory
manual. 2nd ed. Cold Spring Harbor: Cold Spring Harbor Laboratory
Press; 1989. p. 18.60-18.67.
Dennis EA. The growing phospholipase A2 superfamily of signal trans-
duction enzymes. Trends Biochem Sci 1997;22:1-2.
Wu KK. Cyclooxygenase 2 induction: molecular mechanism and patho-
physiologic roles. J Lab Clin Med 1996;128:242-5.
Churchill L, Chilton FH, Resau JH, Bascom R, Hubbard WC, Proud D.
Cyclooxygenase metabolism of endogenous arachidonic acid by cultured
human tracheal epithelial cells. Am Rev Respir Dis 1989;140:449-59.
Widdicombe JH, Ueki IF, Emery D, Margolskee D, Yergey J, Nadel JA.
Release of cyclooxygenase products from primary cultures of tracheal
epithelia of dog and human. Am J Physiol 1989;256:L.351-5.
Johnson M. Pharmacodynamics and pharmacokinetics of inhaled gluco-
corticoids. J Allergy Clin Immunol 1996;97:169-76.
Croxtall JD, Choudbury Q, Newman S, Flower RJ. Lipocortin 1 and the
control of cPLA2 activity in A549 cells: glucocorticoids block EGF
stimulation of cPLA2 phosphorylation. Biochem Pharmacol
1996;52:351-6.
Goppelt-Struebe M, Rehfeldt W. Glucocorticoids inhibit BNRduced
cytosolic phospholipase A2 activity. Biochim Biophys Acta
1992;1127:163-7.
Lin L-L, Lin AY, DeWitt DL. Interleukin-1n induces the accumulation of
cytosolic phospholipasefand the release of prostaglandipifchuman
fibroblasts. J Biol Chem 1992;267:23451-4.
Coyne DW, Nickols M, Bertrand W, Morrison AR. Regulation of mesan-
gial cell cyclooxygenase synthesis by cytokines and glucocorticoids. Am
J Physiol 1992;263:F97-102.
Wu T, lkezono T, Angus CW, Shelhamer JH. Tumor necrosis factor-
induces the 85-kDa cytosolic phospholipase A2 gene expression in
human bronchial epithelial cells. Biochim Biophys Acta 1996;1310:175-
84.
Ackermann EJ, Kempner ES, Dennis EA. Ca++ - independent cytosolic
phospholipase A2 from macrophage-like P388D1 cells. J Biol Chem
1994;269:9227-33.
Tang J, Kriz RW, Wolfman N, Shaffer M, Seehra J, Jones SS. A novel
cytosolic calcium-independent phospholipase A2 contains eight ankyrin
motifs. J Biol Chem 1997;272:8567-75.
Singh G, Singh J, Katyal SL, Brown WE, Kramps JA, Paradis IL, et al.
Identification, cellular localization, isolation and characterization of
human Clara-cell specific 10 kD protein. J Histochem Cytochem
1988;36:73-8.
Mantile G, Miele L, Cordella-Miele E, Singh G, Katyal SL, Mukherjee
AB. Human Clara cell 10-kDa protein is the counterpart of rabbit utero-
globin. J Biol Chem 1993;268:20343-51.
Hagen G, Wolf M, Katyal SL, Singh G, Beato M, Suske G. Tissue-spe-
cific expression, hormonal regulation and 5’-flanking gene region of the
rat Clara cell 10 kDa protein: comparison to rabbit uteroglobin. Nucleic
Acids Res 1990;18:2939-46.
Lopez de Haro MS, Nieto A. Glucocorticoids induce the expression of
the uteroglobin gene in rabbit foetal lung explants cultured in vitro.
Biochem J 1985;225:255-8.
. Yao XL, Ilkenozo T, Cowan M, Logun C, Angus CW, Shelhamer JH.



J ALLERGY CLIN IMMUNOL
VOLUME 103, NUMBER 6

Interferony stimulates human Clara cell secretory protein production by 43.
human airway epithelial cells. Am J Physiol 1998;274:.864-9.

38. Hamasaki Y, Kitzler J, Hardman R, Nettesheim P, Eling TE. Phorbol estel
and epidermal growth factor enhance the expression of two inducible44.
prostaglandin H synthase genes in rat tracheal epithelial cells. Arct
Biochem Biophys 1993;304:226-34.

39. Fu J-Y, Masferrer JL, Seibert K, Raz A, Needleman P. The induction anc
suppression of prostaglandin H2 synthase (cyclooxygenase) in huma45s.
monocytes. J Biol Chem 1990;265:16737-40.

40. Asano K, Lily CM, Drazen JM. Prostaglandin G/H synthase-2 is the con-
stitutive and dominant isoform in cultured human lung epithelial cells. 46.
Am J Physiol 1996;271:L126-31.

41. Choudry NB, Fuller RW, Pride NB. Sensitivity of the human cough
reflex: effect of inflammatory mediators prostaglandin E2, bradykinin
and histamine. Am Rev Respir Dis 1989;140:137-41.

42. Raeburn D. Eicosanoids, epithelium and airway reactivity. Gen Pharma
1990;21:11-6.

Aksoy et al 1091

Deckers IA, Rampart M, Bult H, Herman AG. Evidence for the involve-
ment of prostaglandins in modulation of acetylcholine release from
canine bronchial tissue. Eur J Pharmacol 1989;167:415-8.

Marom Z, Shelhamer JH, Kaliner M. Effect of arachidonic acid, mono-
hydroxyeicosatetraenoic acid and prostaglandins on the release of
mucous glycoproteins from human airways in vitro. J Clin Invest
1981;67:1695-702.

Monick M, Glazier J, Hunninghake GW. Human alveolar macrophages
suppress interleukin-1 (IL-1) activity via the secretion of prostaglandin
E2. Am Rev Respir Dis 1987;135:72-7.

Tamaoki JM, Kondo M, Takemura H, Chiyotani A, Yamawaki |, Konno
K. Cyclic adenosine monophosphate-mediated release of nitric oxide
from canine cultured tracheal epithelium. Am J Respir Crit Care Med
1995;152:1325-30.

Receive tables of contents by e-mail

majordomo@mosby.com

subscribe jaci_toc
You can also sign up through our website at
http://www.mosby.com/jaci

To receive the tables of contents by e-mail, send an e-mail message to

Leave the subject line blank and type the following as the body of your mesage:

You will receive an e-mail to confirm that you have been added to the mailing list.
Note that TOC e-mails will be sent out when a new issue is posted to the website.




