
Dexamethasone accelerates catabolism of leukotriene C4 in bronchial
epithelial cells

M. Zaitsu*, Y. Hamasaki*, K. Tsuji*, M. Matsuo*, I. Fujita*, Y. Aoki#, E. Ishii*, O. Kohashi}

Dexamethasone accelerates catabolism of leukotriene C4 in bronchial epithelial cells.
M. Zaitsu, Y. Hamasaki, K. Tsuji, M. Matsuo, I. Fujita, Y. Aoki, E. Ishii, O. Kohashi.
#ERS Journals Ltd 2003.
ABSTRACT: Leukotriene (LT)C4, a potent chemical mediator in bronchial asthma, is
metabolised to the less active LTE4 via LTD4 in two consecutive reactions catalysed by
enzymes of the glutamyl transpeptidase and dipeptidase families. The activities of these
catabolic enzymes may be influenced by glucocorticosteroids. This study was conducted
to examine whether this inactivation of LTC4 is affected by dexamethasone (DEX) in
transformed human bronchial epithelial cells and normal human bronchial epithelial
cells.

After incubation with DEX for 0–5 days, cells were resuspended in the presence
of exogenous LTC4, and conversion of LTC4 to LTE4 was measured using high-
performance liquid chromatography. c-Glutamyl transpeptidase (GGT) and GGT-
related enzyme (GGTRE) messenger ribonucleic acid (mRNA) expression were
examined using reverse transcriptase-polymerase chain reaction analysis, and GGT
activity by enzyme assay.

Conversion to LTE4 was accelerated by DEX pretreatment. GGTRE but not GGT
mRNA expression was enhanced after incubation with DEX.

The results indicate that dexamethasone transcriptionally upregulates the activity of
c-glutamyl transpeptidase-related enzyme in human bronchial epithelial cells, which
accelerates inactivation of leukotriene C4 via conversion to leukotriene E4. This is a
novel mechanism of glucocorticosteroids in human bronchial epithelial cells.
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Cysteinyl leukotrienes (cysLTs), leukotriene (LT)C4, LTD4

and LTE4, metabolites of the arachidonate 5-lipoxygenase
(5-LO) pathway [1, 2], are produced in mast cells, basophils
and eosinophils in the process of allergic inflammation. CysLTs
stimulate mucus secretion, induce bronchial hyperresponsive-
ness, cause constriction of airway smooth muscle and increase
vascular permeability [3–9]. All of these symptoms are associated
with asthma in humans. In clinical studies, cysLT-receptor
antagonists were therapeutically effective in bronchial asthma
[10, 11]. It was also shown that a part of the early- and late-
phase reactions caused by antigen challenge was prevented by
cysLT-receptor antagonists in patients with asthma. Thus,
cysLTs are considered to be strongly associated with the
pathophysiology of human bronchial asthma [1, 12].

The synthesis of LT is initiated by transmembranous
stimulation by various factors that increase the level of intra-
cellular calcium ions, leading to translocation of cytosolic
phospholipase (cPL)A2 from the cytosol to the nuclear
membrane. cPLA2 cleaves arachidonic acid from the mem-
brane phospholipid of the nucleus. The released arachidonic
acid is converted into LTA4 via an unstable intermediate,
5-hydroperoxyeicosatetraenoic acid, by 5-LO, which is also
translocated from the cytosol to the nuclear membrane, where
5-LO-activating protein resides. The next step is the trans-
formation of LTA4 to LTC4 by conjugation of LTA4 by
LTC4 synthase on the surface of the cell nuclear membrane.
The synthesised LTC4 on the cell nuclear membrane is

released outside the cells. LTC4 is enzymatically metabolised
to LTE4 via LTD4 by the consecutive action of two enzyme
families: glutamyl transpeptidases, including c-glutamyl trans-
peptidase (GGT; or c-glutamyltransferase, EC 2.3.2.2), which
remove the glutamyl moiety from the structure of LTC4, and
dipeptidases [13, 14]. These catabolic enzyme families exist in
the bronchial epithelium and in serum. Bronchial epithelial
cells do not produce LTC4 due to a lack of 5-LO, however,
they catabolise LTC4 to the less active LTE4. It had been
thought that GGT was the only enzyme to mediate the
conversion of LTC4 to LTD4. The other enzyme showing
GGT- like activity, named GGT-related enzyme (GGTRE) or
c-glutamyl leukotrienase (GGL) was recently identified in
humans and mice [15, 16]. Similar findings were demonstrated
for dipeptidases [17].

CysLTs interact with cysLT receptors on the surface of
effector cells. Among cysLTs, LTE4 is less active than LTC4

and LTD4 [7–9, 14, 18, 19]. Thus, the conversion of LTC4 to
the final metabolite, LTE4, by these two catabolic enzymes is
an important step in inactivation. These catabolic enzymes
may be influenced by various antiasthmatic drugs. It was
demonstrated recently that inhaled glucocorticosteroids, fluti-
casone propionate and beclomethasone dipropionate acceler-
ated LTC4 catabolism to LTD4 [20].

The aim of the present study was to examine whether
dexamethasone (DEX) stimulates the inactivation process via
conversion of LTC4 to LTE4 and to further investigate the
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mechanism of this reaction in human bronchial epithelial
cells.

Materials and methods

Materials

Minimal essential medium (MEM), antibiotic/antimycotic
solution (a mixture of penicillin G, streptomycin and ampho-
tericin B) and Moloney murine leukaemia virus reverse trans-
criptase (RT) were from Gibco BRL (Grand Island, NY,
USA); oligodeoxythymidine primer, RNA guard, ethidium
bromide and the 100 base pair (bp) deoxyribonucleic acid
(DNA) ladder were from Pharmacia (Uppsala, Sweden); L-c-
glutamyl-p-nitroanilide, glycylglycine, dexamethasone-21-
acetate, A23187, diethyl pyrocarbonate (DEPC) and foetal
bovine serum (FBS) were from Sigma Chemical Co. (St
Louis, MO, USA); Primaria tissue culture dishes were from
Becton Dickinson Labware (Franklin Lakes, NJ, USA);
agarose MS-12 was from Cosmo Bio (Tokyo, Japan); ethylene-
diamine tetraacetic acid (EDTA) was from Wako (Osaka,
Japan); LTC4, LTD4 and LTE4 were from Funakoshi
(Tokyo, Japan); deoxyribonucleoside triphosphate (dNTP)
mixture and recombinant Taq DNA polymerase were from
Takara Shuzo (Kyoto, Japan); Isogen was from Nippon Gene
Co. (Tokyo, Japan); and polymerase chain reaction (PCR)
primer pairs specific for b-actin, GGT and GGTRE were
from Nippon Seifun (Tokyo, Japan). All other materials were
of the highest quality available and purchased from commer-
cial sources.

Cell culture

A simian virus 40 large T-antigen-transformed human
bronchial epithelial cell line (16HBE), which retains the
differentiated morphology and function of normal human
airway epithelium [21, 22], was cultured in MEM with 10%
heat-inactivated FBS in Petri dishes as described previously
[23]. Primary isolated normal human bronchial epithelial
(NHBE) cells were purchased from Clonetics Corp. (San
Diego, CA, USA) and cultured in small airway cell basal
medium, which was supplied by the vendor.

Measurement of conversion of LTC4 to LTE4 via LTD4

(cell-free study)

Epithelial cell monolayers were grown to 80% confluence in
Petri dishes (diameter 100 mm) and incubated for the indicated
periods of time (0–5 days) in culture medium containing
various concentrations of DEX (0–1610-6 M) at 37uC under
5% carbon dioxide. The cells were recovered after incubation
and washed three times with phosphate-buffered saline (PBS)
containing 137 mM NaCl, 2.7 mM KCl, 8.1 mM NaH2PO4

and 1.5 mM K2PO4 (pH 7.4). The cells (26106) were resuspended
in 100 mL 100 mM tris-(hydroxymethyl)-aminomethane (Tris)/
HCl (pH 8.0) and subjected to sonication (model R-225R;
Heat Systems-Ultrasonics Inc., Plainview, NY, USA) three
times for 5 s on ice. The cell lysate was used as an enzyme
source after the protein concentration was determined by the
method of Lowry [24]. Cell lysate (100 mL) was incubated
with 100 ng exogenous LTC4 (in 100 mL PBS) for 60 min at
37uC. The reaction was stopped by the addition of 2 mL
methanol. The amounts of LTC4, LTD4 and LTE4 in the
incubation medium were measured by high-performance
liquid chromatography (HPLC).

LTD4 catabolism was determined under the same condi-
tions except that 100 ng LTD4, instead of LTC4, was added to
the cell lysate and levels of LTD4 and LTE4 were measured.

High-performance liquid chromatographic measurement
of LTC4, LTD4 and LTE4

The levels of LTC4, LTD4 and LTE4 for determining enzy-
matic conversion of LTC4 to LTE4 via LTD4 were measured
by HPLC as described previously [20]. Briefly, the sample was
partially purified and concentrated by passage through a Sep
Pak C18 cartridge (Waters, Milford, MA, USA) and applied
to an HPLC system (TOSO-8010; Toso, Tokyo, Japan) equipped
with a Nova Pak C18 column (Waters). The sample was eluted
with acetonitrile/methanol/water/acetic acid (31.00/17.68/51.24/
0.68 (v/v)) at 0.8 mL?min-1 and absorbance at 280 nm was
monitored using a spectrophotometer. The retention times for
LTC4, LTD4 and LTE4 werey6,y8 andy9 min, respectively.

Measurement of conversion of LTC4 to LTE4 via LTD4

in intact cells

The cells were incubated in Petri dishes (diameter 35 mm)
with or without 1610-7 M DEX for 2 days, as above. After
incubation, the medium was removed. The cells were washed
three times with PBS and 100 ng LTC4 in 1 mL PBS was
added. After incubation for 0–6 h, the reaction was stopped
by the addition of 3 mL methanol and the culture medium
collected. The amounts of LTC4, LTD4 and LTE4 in the
medium were measured by HPLC.

Measurement of GGT activity

Cells were incubated in Petri dishes (diameter 100 mm)
with DEX, as described above, and cell lysate prepared. The
lysate was used as an enzyme source after the protein con-
centration was determined. GGT activity was determined using
a rate-kinetic assay involving L-c-glutamyl-p-nitroanilide and
glycylglycine as described previously [25]. Briefly, 900 mL
reaction mixture (1 mM L-c-glutamyl-p-nitroanilide, 20 mM
glycylglycine, 100 mM Tris/HCl) was placed in a spectro-
photometer cuvette (1-cm light path) at 37uC. The reaction
was started by addition of 100 mL lysate and the rate of
release of p-nitroaniline was monitored at 410 nm (molar
extinction coefficient 8,800) using a spectrophotometer (UV-160A;
Shimadzu, Tokyo, Japan). The activity is expressed in units,
where 1 unit is defined as the amount of enzyme required to
release 1 mmol p-nitroaniline?min-1. The specific activity is
expressed in units?mg protein-1.

Determination of GGT and GGTRE messenger
ribonucleic acid expression by RT-PCR

Extraction of total ribonucleic acid (RNA) from cells was
performed as described previously [26]. After incubation, cells
were lysed using Isogen. After addition of chloroform and
centrifugation (15 min at 12,0006g), the aqueous phase was
collected. The sample was centrifuged again (15 min at 12,0006g)
after addition of isopropanol. After addition of 75% ethanol,
the sample was again centrifuged (5 min at 12,0006g). The
pellet contained total RNA. The extracted total RNA was
dissolved in DEPC-treated water and quantified by measure-
ment of absorbance at 260 nm using a spectrophotometer
(DU-600; Beckman, Irvine, CA, USA). Complementary DNA
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was synthesised by reverse transcription. The reaction mixture
(20 mL) contained 1 mg total RNA, 11 mg oligodeoxythymidine
primer, 4 mL 56reaction buffer, 2 mL 0.25 M dithiothreitol,
4 mL dNTP mixture (each 2.5 M), 1 mL RNA guard (5 units),
1 mL RT (200 units) and DEPC-treated water. PCR was
performed for 27 cycles of denaturation for 30 s at 94uC,
annealing for 30 s at 56uC and extension for 1 min at 72uC.
The following primers were used: GGT: 59-CCAGGACGGC-
CAGGTCCG-39 and 59-CGATGAAGGTGGACGCGAT-39
[27–29]; GGTRE: 59-ACAGGGAAGGTGGAGGTCATC-39
and 59-GTCTCTACAAGGTGGTGGTAC-39 [15–17]; and
b-actin: 59-TCCTGTGGCATCACGAAACT-39 and 59-TAG-
CAGGTGGCGTTTACGAAG-39. The sizes of the PCR
products were 245 bp for GGT, 680 bp for GGTRE and
314 bp for b-actin. The PCR products were electrophoresed
and then stained using ethidium bromide. Messenger RNA
(mRNA) abundance was visualised and photographed using
an image analyser (Image Master VDS; Pharmacia Biotech,
Tokyo, Japan). The levels of PCR products were analysed
using a National Institutes of Health image program and
compared with that of the b-actin PCR product as an internal
control. For every PCR experiment, preliminary experiments
were performed to identify the optimum number of cycles of
amplification to avoid saturation of the PCR products.

Statistical analysis

Data are presented as mean¡SEM. Statistical analysis was
performed by one-way analysis of variance. A p-value of
v0.05 was regarded as significant.

Results

Effect of dexamethasone on LTC4 catabolism in 16HBE
cells (cell-free study)

The effect of DEX on LTC4 catabolism was examined
under cell-free conditions using the cell lysate as an enzyme
source and LTC4 as the substrate. As shown in figure 1a,
DEX (1610-7 M) time-dependently increased the conversion
of exogenous LTC4 to LTD4 and LTE4, which was significant
after a 1-day incubation. In a dose/response study, DEX
(pretreatment 2 days) dose-dependently increased the conver-
sion of exogenous LTC4 to LTD4 and LTE4. Production of
LTD4 and LTE4 in the control (DEX-free) was 26.5¡1.0 and
6.6¡0.3 ng?mg?protein-1?60 min-1, respectively, and was increased
to 69.7¡1.3 and 34.8¡0.6 ng?mg?protein-1?60 min-1, respec-
tively, by pretreatment with 1610-7 M DEX (fig. 1b).

Effect of dexamethasone on LTC4 metabolism in intact
16HBE cells

The effects of DEX on the enzymatic conversion of exogenous
LTC4 to LTE4 in 16HBE cells were determined by HPLC.
LTC4 synthesis was not detected in 16HBE cells without
exogenous LTC4 (data not shown). Figure 2a shows the
retention times of LTC4, LTD4 and LTE4 standards. LTC4

was stable during a 4-h incubation in reaction buffer without
cells (fig. 2b). LTC4 was converted to LTD4 but not to LTE4

after a 4-h incubation with cells not pretreated with DEX
(fig. 2c). When cells were pretreated with DEX (1610-7 M) for
2 days, transformation of LTC4 to LTD4 was greater than
that shown by the control, and LTD4 was further metabolised
to LTE4 (fig. 2d).

The time course of transformation of LTC4 to LTE4 in

intact cells with or without DEX (1610-7 M) pretreatment for
2 days is shown in figure 3. After 4- and 6-h incubations with
LTC4, production of LTE4 was significantly greater in the
cells pretreated with DEX (32.0¡2.5 and 41.1¡2.1 ng?mL-1)
than in those without DEX (4.0¡2.6 and 13.5¡1.3 ng?mL-1,
n=4; pv0.05).

Effect of dexamethasone on GGT activity in 16HBE cells

The effect of DEX on GGT activity was determined by
rate-kinetic assay of p-nitroaniline using cell lysate as an
enzyme source and L-c-glutamyl-p-nitroanilide and glycylgly-
cine as substrates. As shown in figure 4a, the activity of GGT
without DEX pretreatment was 5.3¡0.9 U?mg?protein-1. DEX
showed no significant effect on GGT activity. GGT activity
tended to decline at higher concentrations of DEX, although
this was not significant (fig. 4b).

Effect of dexamethasone on GGT and GGTRE
messenger ribonucleic acid expression in 16HBE cells

GGT and GGTRE mRNA expression were examined using
RT-PCR analysis. As shown in figure 5a, GGTRE mRNA
levels were obviously enhanced after incubation with 1610-7 M
DEX for 2 days. GGT mRNA expression was not changed by
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Fig. 1. – Effect of dexamethasone (DEX) on leukotriene (LT)C4 cata-
bolism in transformed human bronchial epithelial (16HBE) cells in a)
time course (1610-7 M DEX) and b) dose/response (DEX pretreat-
ment 2 days) cell-free studies. The cells were pretreated with varying
concentrations of DEX for different periods of time. The cell lysate
was then prepared and incubated with exogenous LTC4 as the substrate
at 37uC. The supernatant was recovered and the levels of LTD4 ($) and
LTE4 (h) were measured by high-performance liquid chromatography.
Data are presented as mean¡SEM (n=4). *: pv0.05 versus control.
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DEX pretreatment. GGTRE mRNA density normalised to
b-actin was significantly increased from 0.12¡0.03 to 0.90¡0.11
by DEX (fig. 5b). GGT mRNA density was not significantly
changed by DEX pretreatment (fig. 5c).

Effect of dexamethasone on LTD4 catabolism in 16HBE
cells

The effect of DEX on the transformation of LTD4 to
LTE4, via a dipeptidase-like activity, using the cell lysate as an
enzyme source and LTD4 as a substrate was examined. LTD4

catabolism in 16HBE cells without DEX pretreatment was
80.6¡6.2 ng?mg?protein-1?60 min-1. LTD4 catabolism tended
to increase after incubation with o1610-7 M DEX forw2 days,
but this was not significant (data not shown).

Effect of dexamethasone on LTC4 catabolism, GGT
activity, and GGT and GGTRE messenger ribonucleic
acid expression in normal human bronchial epithelial
cells

The above effects were further examined in NHBE cells. As
shown in figure 6a and b, the conversion of exogenous LTC4

to LTD4 and LTE4 was significantly enhanced after incuba-
tion with 1610-7 M DEX for 2 days. The concentrations of
LTD4 and LTE4 in the control (DEX-free) were 50.3¡2.4 and
20.4¡0.9 ng?mg?protein-1?60 min-1, respectively, which increased
to 63.4¡2.3 and 32.2¡2.0 ng?mg?protein-1?60 min-1, respectively,
with DEX pretreatment. GGT activity was not significantly
changed by DEX pretreatment (fig. 6c).

As shown in figure 7a, GGTRE mRNA expression in
NHBE cells was obviously enhanced after incubation with
1610-7 M DEX for 2 days. GGT mRNA expression was not
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Fig. 2. – Effect of dexamethasone (DEX) on leukotriene (LT)C4 catabolism in intact transformed human bronchial epithelial (16HBE) cells. LT
concentrations were measured by high-performance liquid chromatography. a) Retention of LTC4 (#: y6 min), LTD4 (}: y8 min) and LTE4

(z: y9 min) standards. 100 ng exogenous LTC4 was incubated for 4 h with b) medium without cells, c) cells not pretreated with DEX and d)
cells pretreated with 1610-7 M DEX for 2 days. When cells were pretreated with DEX, transformation of LTC4 to LTD4 was greater than that
shown by the control, and LTD4 was further metabolised to LTE4.
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Fig. 3. – Effect of dexamethasone (DEX) on conversion of leukotriene
(LT)C4 to LTE4 in intact cells. Cells were pretreated with ($) or
without (#) 1610-7 M DEX for 2 days, and then 100 ng exogenous
LTC4 was added and the cells incubated for varying periods of time
(0–6 h). LT concentrations were measured by high-performance liquid
chromatography. The levels of LTE4 in the group pretreated with
DEX are significantly higher than in that without DEX after a 4-h
incubation. Data are presented as mean¡SEM (n=4). *: pv0.05 versus
control.
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changed by DEX pretreatment. GGTRE mRNA density nor-
malised to b-actin was significantly increased from 0.53¡0.05
to 0.79¡0.05 by DEX (fig. 7b). GGT mRNA density was not
significantly changed by DEX pretreatment (fig. 7c).

Discussion

In the present study, it was found that DEX pretreatment
accelerated the conversion of LTC4 to LTE4 via LTD4 in
human airway epithelial cells; this was attributable to a new
induction of GGTRE.

Among cysLTs, LTE4 is biologically less active than LTC4

and LTD4, therefore, the transformation of LTC4 to LTE4 is
an important aspect in the treatment of bronchial asthma.
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Fig. 4. – Effect of dexamethasone (DEX) on c-glutamyl transpeptidase
(GGT) activity in transformed human bronchial epithelial (16HBE)
cells in a) time course (1610-7 M DEX) and b) dose/response (DEX
pretreatment 2 days) cell-free studies. After incubation of cells with
varying concentrations of DEX for different periods of time, the cell
lysate was prepared and incubated with L-c-glutamyl-p-nitroanilide
and glycylglycine as substrates at 37uC. The release of p-nitroaniline,
measured spectrophotometrically at 410 nm, indicates GGT activity.
There was no significant effect of DEX. Data are presented as
mean¡SEM (n=4). #: p=0.07 versus control; }: p=0.08 versus control.
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Fig. 5. – Effect of dexamethasone (DEX) on c-glutamyl transpeptidase
(GGT) and GGT-related enzyme (GGTRE) messenger ribonucleic
acid (mRNA) expression in transformed human bronchial epithelial
(16HBE) cells. After incubation of cells with or without 1610-7 M
DEX for 2 days, total ribonucleic acid was isolated and reverse
transcriptase-polymerase chain reaction (RT-PCR) performed for
GGT and GGTRE mRNA. a) Electrophoresis of GGTRE (680 base
pairs (bp)), GGT (245 bp) and b-actin (314 bp) RT-PCR products
(lanes 1 and 2: control; lanes 3 and 4: DEX pretreatment). Densito-
metric analysis of b) GGTRE and c) GGT RT-PCR products
normalised to b-actin. Data are presented as mean¡SEM (n=4). *:
pv0.05 versus control.
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Fig. 6. – Effect of dexamethasone (DEX) on leukotriene (LT)C4 catabolism and c-glutamyl transpeptidase (GGT) activity in normal human
bronchial epithelial (NHBE) cells. Conversion of exogenous LTC4 to a) LTD4 and b) LTE4. c) GGT activity after incubation of NHBE cells
with or without 1610-7 M DEX for 2 days. Data are presented as mean¡SEM (n=4). *: pv0.05 versus control.
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LTC4 is metabolised to LTE4 in two consecutive reactions
catalysed by enzymes of the glutamyl transpeptidase and
dipeptidase families. GGT (EC 2.3.2.2) is an extracellular
membrane-bound heterodimer that catalyses the transfer of
the c-glutamyl group from glutathione and other c-glutamyl-
containing compounds to an acceptor amino acid structure
[13, 14, 30]. In the LTC4-degrading pathway, GGT cleaves the
c-glutamyl residue of LTC4 and transforms it to LTD4. In
mammalian lungs, GGT is found on the apical membrane of
Clara cells and type-II pneumocytes [1, 31]. As shown in the
present study, GGT-like enzyme activity is also present in
bronchial epithelial cells, which are important sites in inactiva-
tion of LTC4.

It had been thought that GGT was the only enzyme to
mediate the conversion of LTC4 to LTD4. Recently, however,
another GGT-like activity was identified and cloned in humans,
rats and mice [15–17, 32–34], and was named GGTRE or
GGL. GGTRE shares a 40% overall amino acid sequence
identity with GGT, and is capable of cleaving the c-glutamyl
linkage of LTC4. However, it is unable to hydrolyse synthetic
substrates commonly used for assaying GGT, such as L-c-
glutamyl-p-nitroanilide and glycylglycine, which indicates
that GGTRE is more specific for the catabolism of LTC4.
In the present study, the extent of GGTRE but not GGT
mRNA expression was upregulated by DEX pretreatment,

which was associated with increased LTC4-degrading activity.
These results strongly suggest a new induction of GGTRE at
the transcriptional level, although new protein synthesis was
not confirmed. GGTRE is induced by epidermal growth
factor in rat tracheal cells, and by DEX in HepG2 (hepato-
blastoma cell line) cells [15, 33]. GGTRE was also induced by
chemical exposures, such as isobutyl nitrite in rat tracheal
cells [33]. Thus, GGTRE is an inducible enzyme that occurs in
various species and cell types.

Inhaled glucocorticosteroids are the gold standard as
controller medicines for the treatment of bronchial asthma
[35, 36]. Glucocorticosteroids bind to an intracellular receptor
and form a receptor complex that rapidly translocates to the
nucleus. The receptor complex interacts with transcription
factors, such as nuclear factor-kB and activator protein-1.
These transcription factors activate gene transcription. Gluco-
corticosteroids are involved in their effects on transcription
of genomic DNA by modifying the action of transcription
factors. Whatever the final mechanisms, glucocorticosteroids
are believed to have profound inhibitory effects on the pro-
duction of allergy-related T-helper cell type-2-derived inflam-
matory cytokines such as interleukin-4, -5 and -13 [36].
Although this is a substantial mechanism of glucocorticosteroids
in their effectiveness against asthma, much remains unknown
about their therapeutic effectiveness. In human airway epi-
thelial cells, glucocorticosteroids regulate inflammation in
asthma by transcriptionally upregulating peptidase genes such
as neutral endopeptidase and aminopeptidase N, which
inactivate substance P and other inflammatory tachykinins
[37–39]. The present finding that DEX activates the LTC4-
degrading pathway by a new induction of GGTRE is an
additional mechanism that influences the effectiveness of
inhaled glucocorticosteroids in bronchial asthma.

In clinical studies, it was shown that oral predonisolone
given to patients with asthma reduced their symptoms, but
failed to reduce the levels of LTE4 in bronchoalveolar lavage
fluid and urine and those of cysLTs in sputum [40–42]. It was
also shown that fluticasone propionate significantly inhibited
early and late responses to allergen in patients with mild
asthma, but did not significantly change the increase in
urinary excretion of LTE4 caused by allergen challenge [43].
These investigators speculated that glucocorticosteroids had
no significant effect on the metabolism of cysLTs in human
bronchial asthma. However, the present results suggest that
glucocorticosteroids can reduce clinical symptoms by acceler-
ating the process of inactivation of bioactive LTC4 to the
less active LTE4. It was reported that responsiveness to LTC4

and LTD4 in isolated human tracheal strips was potentiated
by L-serine/borate, a GGT inhibitor, and/or L-cysteine, a
dipeptidase inhibitor, and that it was also enhanced by the
removal of the airway epithelium, since transformation of
LTC4 to LTE4 via LTD4 by these two catabolic enzymes was
attenuated by these enzyme inhibitors or by the removal of
the epithelium where the catabolic enzymes were located
[44–46]. In the present study, DEX accelerated the conversion
of LTC4 to LTD4 by upregulating GGTRE, resulting in rapid
inactivation of LTC4 and LTD4, which are more potent
cysLTs than LTE4. If bronchial epithelial cells do not have
sufficient activity to convert LTD4 to LTE4, glucocorticoster-
oid may enhance the action of cysLTs. Thus, the activation
and/or inactivation of the LTC4-degrading pathway is an
important consideration in the treatment of bronchial
asthma.

In conclusion, dexamethasone accelerated the process of
inactivation of leukotriene C4 to leukotriene E4 by inducing
new c-glutamyl transpeptidase-related enzyme activity in
16HBE-transformed human bronchial epithelial cells and
normal human bronchial epithelial cells at the transcriptional
level. These results indicate that the therapeutic effectiveness
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Fig. 7. – Effect of dexamethasone (DEX) on c-glutamyl transpeptidase
(GGT) and GGT-related enzyme (GGTRE) messenger ribonucleic
acid (mRNA) expression in normal human bronchial epithelial
(NHBE) cells. After incubation of NHBE cells with or without
1610-7 M DEX for 2 days, total ribonucleic acid was isolated and
reverse transcriptase-polymerase chain reaction (RT-PCR) performed
for GGT and GGTRE mRNA. a) Electrophoresis of GGTRE (680
base pairs (bp)), GGT (245 bp) and b-actin (314 bp) RT-PCR
products (lanes 1 and 2: control; lanes 3 and 4: DEX pretreatment).
Densitometric analysis of b) GGTRE and c) GGT RT-PCR products
normalised to b-actin. Data are presented as mean¡SEM (n=4). *:
pv0.05 versus control.
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of glucocorticosteroids is, at least partially, attributable to
this novel mechanism of glucocorticosteroids on the meta-
bolism of the cysteinyl leukotriene-degrading pathway. Since
the present data are from an in vitro study using a high dose of
exogenous leukotriene C4, it may not accurately reflect
cysteinyl leukotriene degradation in the physiological state.
Further studies, especially in vivo studies, on the regulation of
the cysteinyl leukotriene-degrading pathway are, therefore,
needed.
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