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Interactions Between Leukotriene C4 and Interleukin 13
Signaling Pathways in a Mouse Model of Airway Disease

Jaime Chavez, PhD; Hays W. J. Young, PhD; David B. Corry, MD; Michael W. Lieberman, MD, PhD

● Context.—During an asthmatic episode, leukotriene C4

(LTC4) and interleukin 13 (IL-13) are released into the air-
ways and are thought to be central mediators of the asth-
matic response. However, little is known about how these
molecules interact or affect each other’s signaling pathway.

Objective.—To determine if the LTC4 and IL-13 signaling
pathways interact with each other’s pathways.

Design.—We examined airway responsiveness, cysteinyl
LTs (Cys-LTs), and Cys-LT and IL-13 receptor transcript lev-
els in wild-type mice and in mice that were deficient in g-
glutamyl leukotrienase (an enzyme that converts LTC4 to
LTD4), STAT6 (signal transducer and activator of transcrip-
tion 6 [a critical molecule in IL-13 signaling]), and IL-4Ra
(a subunit of the IL-13 receptor).

Results.—Wild-type (C57BL/129SvEv) and g-glutamyl
leukotrienase–deficient mice showed increased airway re-
sponsiveness after intranasal instillation of IL-13; similar

results were observed after intranasal instillation of IL-13
or LTC4 in a second wild-type strain (BALB/c). Interleukin
13 treatment reduced levels of Cys-LTs in bronchoalveolar
lavage fluid. This change was unaccompanied by changes
in other arachidonic acid metabolites or in RNA transcript
levels of enzymes associated with Cys-LT synthesis. Inter-
leukin 13 treatment also increased transcript levels of the
Cys-LT 1 and Cys-LT 2 receptors, while LTC4 increased tran-
script levels of the a1 chain of the IL-13 receptor. Fur-
thermore, IL-4Ra–deficient mice had increased airway re-
sponsiveness to LTC4 but not to IL-13, whereas STAT6-de-
ficient mice failed to respond to either agonist.

Conclusions.—These findings indicate that LTC4 and IL-
13 are dependent on or signal through STAT6 to increase
airway responsiveness and that both agonists regulate ex-
pression of each other’s receptors.

(Arch Pathol Lab Med. 2006;130:440–446)

Asthma is a chronic inflammatory disorder of the air-
way in which T-helper 2 cytokines function as effec-

tors of inflammation, remodeling, and airway responsive-
ness (AR).1–3 Interleukin 4 (IL-4) and IL-13 are T-helper 2
cytokines that regulate important aspects of the experi-
mental asthma phenotype, including airway eosinophilia,
mucus hypersecretion, and AR.4,5 Although IL-4 is impor-
tant in the early phase of T-helper 2 cytokine inflamma-
tion, it has been shown to be unnecessary for the gener-
ation of the asthmatic phenotype. However, IL-13 is re-
quired and is sufficient to produce inflammation, mucus,
and hyperresponsiveness in the airways.6 Interleukin 13
can be produced by a variety of cells, including CD41 T
cells, eosinophils, macrophages, and mast cells. The effects
of IL-13 are mediated by its binding to a heteromeric
receptor made up of IL-4Ra and either IL-13Ra1 or
IL-13Ra2.7 On binding, IL-13 transduces its signal pre-
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dominantly by activating the signal transducer and acti-
vator of transcription 6 (STAT6) signaling pathway. STAT6
is a transcription factor that exists as latent cytoplasmic
monomers until cytokine stimulation, which leads to phos-
phorylation by JAK1 or JAK3, dimerization, and translo-
cation to the nucleus. Once in the nucleus, STAT6 binds
certain DNA elements and initiates cytokine-specific gene
transcription.8 The IL-13 and STAT6 signaling pathway
appears to be a major and central mediator of allergic dis-
ease, but it is unclear how this pathway interacts with
other allergic effector molecules such as leukotrienes (LTs).

Leukotriene C4, LTD4, and LTE4 are products of the li-
poxygenase pathway of arachidonic acid metabolism. Be-
cause these LTs contain a cysteine residue, they are des-
ignated cysteinyl LTs (Cys-LTs). Cysteinyl LTs have diverse
biologic effects and are potent proinflammatory mediators
that contribute to pathophysiologic features of asthma and
other inflammatory diseases. They are produced largely
by eosinophils, macrophages, and mast cells9 and, like IL-
13, are implicated in the regulation of airway smooth mus-
cle contraction, edema, and mucus hypersecretion during
allergic inflammation.10–16 Cysteinyl LTs produce their ef-
fects by interacting with 2 known Cys-LT receptors, Cys-
LT 1 and Cys-LT 2.17,18 These receptors are coupled to het-
erotrimeric G proteins with a Gaq subunit that increases
intracytoplasmic calcium fluxing through the phospholi-
pase C and inositol triphosphate pathways. Each receptor
has unique affinities for each Cys-LT and unique tissue
distribution, which gives rise to the diverse biologic effects
of LTs.19–21 Despite these observations, there has been little
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investigation of possible cross talk between Cys-LT sig-
naling pathways and other signaling pathways.

Asthma is a complex inflammatory disease that involves
the interactions of several different cell types and numer-
ous chemical mediators. Cross talk between LT and IL-13
signaling pathways may be involved in the pathogenesis
of asthma. To examine possible Cys-LT and IL-13 inter-
actions, we used mice that were deficient in g-glutamyl
leukotrienase (GGL) (which results in systemic elevation
of Cys-LTs), IL-4Ra (which is required in IL-13 receptor
signaling), or STAT6 (which is essential in IL-13 signal
transduction). Our data demonstrate complex cross-regu-
latory interactions between these 2 pathways and a crucial
role for the STAT6 receptor in LTC4 function.

MATERIALS AND METHODS

Transgenic Mice
Mice that were deficient in GGL were generated in our labo-

ratory as previously described.22,23 Wild-type (WT or GGL1) and
GGL-deficient mice were of a C57BL/129SvEv mixed back-
ground, and genotypes were determined by Southern blot or
polymerase chain reaction (PCR) analysis of genomic DNA ob-
tained from tails at weaning. Wild-type mice of a BALB/c back-
ground were obtained from the Jackson Laboratory (Bar Harbor,
Me); IL-4 and IL-13Ra–deficient and STAT6-deficient mice also
of BALB/c background were obtained from one of the authors
(D.B.C.). All mice were housed in cages equipped with microiso-
lator lids and were maintained under strict containment proto-
cols.

Intranasal Treatment of Mice
Eight- to 12-week-old naı̈ve WT and GGL-deficient mice were

treated by intranasal instillation (2 mL/g) of 0.9% sterile saline
(vehicle) or recombinant IL-13 (0.35 mg) in the same vehicle.
Eight- to 12-week-old naı̈ve WT, IL-4Ra–deficient, and STAT6-
deficient mice were treated by intranasal instillation (2 mL/g) of
0.9% sterile saline and 10% alcohol (ETOH), LTC4 (1 mg), or IL-
13 (0.116 mg) and 10% ETOH. Sensitization was performed at
room temperature after sedation with isoflurane; respiration rate
was closely monitored. Sensitization was performed twice a day
during 3 consecutive days, and reactivity to acetylcholine was
determined 18 to 20 hours after the last airway challenge.

Invasive Physiologic Assessment
Lung resistance was monitored using the volumetric method

in a closed chamber plethysmograph as previously described.24

Histologic, Periodic Acid–Schiff, and Alcian Blue Staining
Animals were humanely killed and the lungs inflated with 0.5

mL of fixative (4% paraformaldehyde in phosphate-buffered sa-
line) before fixation overnight at 48C. Fixed lung tissues were
rinsed in phosphate-buffered saline, dehydrated, and embedded
in paraffin according to standard techniques. Sections (5 mm)
were stained with hematoxylin-eosin using a Rapid Chrome
staining kit (Shandon Lipshaw, Inc, Pittsburgh, Pa). Similar sec-
tions were stained with periodic acid–Schiff and counterstained
with Alcian blue.

Bronchoalveolar Lavage
Mice were anesthetized, and the trachea was isolated by blunt

dissection. A small-caliber tube was inserted into the airways
and secured. Two volumes of 1 mL of phosphate-buffered saline
with 0.1% bovine serum albumen (BSA) were instilled, gently
aspirated, and pooled (bronchoalveolar lavage fluid [BALF]).
Samples were then centrifuged at 2500 rpm for 5 minutes to re-
cover cells, and the supernatants from these spins were collected
and stored at 2708C for further analysis. Cell pellets were resus-
pended in phosphate-buffered saline, and total cell counts were

determined using a hemacytometer. Aliquots were cytospun onto
microscope slides and stained for cellular differentials.

Determination of Arachidonic Acid Products and
Histamine Release by Enzyme-Linked

Immunosorbent Assay
Total Cys-LTs were determined in BALF and lung supernatant

(Cayman Chemical, Ann Arbor, Mich). Histamine (SPI-BIO,
Massy, France), prostaglandin F2a (PGF2a), PGE2, PGD2, and
thromboxane B2 (Cayman Chemical) were evaluated in BALF. En-
zyme-linked immunosorbent assays were performed according
to the manufacturer’s directions. The lower limits of detection
were 13 pg/mL (Cys-LT), 0.5 nmol/mL (histamine), 8 pg/mL
(PGF2a), 15 pg/mL (PGE2), 3.6 pg/mL (PGD2), and 5.5 pg/mL
(tromboxane B2).

RNA Isolation and Quantitative Reverse
Transcription–PCR3 Analysis

Total RNA was isolated from whole-lung tissue using the Tri-
zol reagent (Invitrogen, Carlsbad, Calif). Total RNA was treated
using ribonuclease-free deoxyribonuclease (Invitrogen) to elimi-
nate potential genomic DNA contamination. RNA was quantified
by spectrophotometry, and quality was assessed by electropho-
resis through formamide or formaldehyde agarose gels. Cystei-
nyl LT receptors 1 and 2, IL-13Ra1, 5-lipoxygenase activating
protein, LTA4 hydrolase, and LTC4 synthase RNA levels were
measured using Assays on Demand from ABI Systems (Foster
City, Calif). Samples were run on a SmartCycler 2 quantitative
reverse transcription–PCR machine (Cepheid, Sunnyvale, Calif)
according to manufacturer’s directions. Data were analyzed us-
ing SmartCycler software. The presence of amplified products
was confirmed when the fluorescent signal exceeded an auto-
matic noise-based defined threshold. To generate a standard
curve, PCR amplification was performed with template dilutions
for each transcript, ranging from 100 pg per reaction to 0.001 pg
per reaction. A standard curve was created by the SmartCycler
program according to the transcript’s concentration versus the
cycle number at which it crosses the threshold. The final data
were normalized to b-actin and are presented as picograms of
transcript per picograms of b-actin 3 100. Results are expressed
as mean 6 SEM.

Statistical Analysis
The significance of differences between experimental groups

was analyzed using Student t tests. Differences in mean values
were considered significant at P , .05.

RESULTS

Effect of Recombinant IL-13 on AR and Cys-LT
Production in WT or GGL-Deficient Mice

Wild-type (GGL1) and GGL-deficient mice were treated
with 0.35 mg of IL-13 or with 0.9% sterile saline (vehicle)
twice a day for 3 days, and AR was measured 18 to 20
hours after the last treatment (Figure 1, A). After admin-
istration of vehicle, GGL-deficient mice, which have con-
stitutively elevated levels of LTC4, show greater AR than
GGL1 mice as measured by a decrease in acetylcholine;
this confirms an earlier finding in our laboratory.22 We also
found that treatment of GGL1 and GGL-deficient mice
with IL-13 resulted in greater decreases in acetylcholine
compared with vehicle treatment. We examined Cys-LT
levels in lung supernatant and in cell-free BALF (Figure
1, B and C). As expected, we observed a significant in-
crease in Cys-LTs in GGL-deficient mice compared with
GGL1 mice after vehicle treatment. This increase results
from LTC4 accumulation due to the absence of GGL. How-
ever, we observed a significant decrease in Cys-LTs in both
experimental groups after IL-13 challenge. Therefore, IL-
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Figure 1. Changes in airway reactivity and pulmonary inflammation
after interleukin 13 (IL-13) administration. A, Airway reactivity to ace-
tylcholine (ACh [PC200]) after IL-13 administration in mice that express
g-glutamyl leukotrienase (GGL1) and in GGL-deficient (GGL2/2) mice
treated with vehicle or IL-13. Vehicle versus IL-13 in GGL1, * P , .05.
GGL1 versus GGL2/2 (vehicle only), † P , .05. GGL2/2 versus GGL2/2

(IL-13 treatment), ** P , .01. n 5 13–20. B and C, Cysteinyl leukotri-
ene (LT) release after administration of IL-13. Analyses of endogenous
cysteinyl LT levels (LTC4, LTD4, and LTE4) were evaluated by enzyme-
linked immunosorbent assay kit (Cayman Chemical) in lung superna-
tant (B) or in bronchoalveolar lavage fluid samples (C) in vehicle- or
IL-13–treated GGL1 and GGL-deficient mice. GGL1 versus GGL-defi-
cient (vehicle only), †† P , .01. GGL1 versus GGL-deficient (IL-13),
†† P , .01. Vehicle versus IL-13 (GGL-deficient mice), ** P , .01. n
5 12–16. Values are mean 6 SEM.

Figure 2. Changes in total cells (A) and in profiles of cells (B) recov-
ered in bronchoalveolar lavage fluid from mice that express g-glutamyl
leukotrienase (GGL1) and in GGL-deficient (GGL2/2) mice treated with
vehicle or interleukin 13 (IL-13) for 3 days, twice a day. GGL1 or GGL-
deficient, vehicle versus IL-13 treatment, * P , .01. n 5 6–7. Values
are mean 6 SEM.

13 negatively regulates Cys-LT levels in BALF and lung
tissue, despite its effect on AR.

Examination of Lung Inflammation and Mucus in GGL1

and GGL-Deficient Mice After Intranasal
Recombinant IL-13 Treatment

We also examined inflammatory cell recruitment to the
airways of GGL1 and GGL-deficient mice in response to
IL-13. Total bronchoalveolar lavage inflammatory cells
were increased to a similar degree after IL-13 challenge
of GGL1 and GGL-deficient mice (Figure 2, A). Further-
more, the total number of eosinophils, macrophages, neu-
trophils, and lymphocytes recruited to the airways after
IL-13 treatment did not vary with mouse genotype (Figure
2, B). We evaluated lung sections stained with periodic
acid–Schiff to detect mucus-containing cells (goblet cells).
This analysis showed similar increases in periodic acid-
Schiff–positive airway cells in IL-13–treated GGL1 and
GGL-deficient mice compared with the control group.
Therefore, GGL deficiency did not alter the ability of IL-
13 to induce airway inflammation and goblet cell meta-
plasia.

Role of Cyclooxygenase Pathway and Histamine in AR
After IL-13 Treatment

To evaluate the mechanism of IL-13–induced decreases
in airway Cys-LT levels, we examined the possibility that
IL-13 might shunt intermediates in the Cys-LT synthesis
pathway away from Cys-LT synthesis and toward PG and

thromboxane synthesis pathways. When levels of PGF2a,
PGE2, PGD2, and tromboxane B2 were measured after IL-
13 treatment, we found no changes (Figure 3, A through
D). These findings suggest that shunting of arachidonic
acid metabolic intermediates to alternate synthetic path-
ways is unlikely to explain the IL-13–dependent decrease
in airway Cys-LT levels. Although histamine is not strong-
ly correlated with allergic responses in murine models, we
evaluated histamine levels after IL-13 treatment and found
no changes (data not shown).

Effect of IL-13 on LTA4 Hydrolase and LTC4 Synthase,
Arachidonate 5-Lipoxygenase–Activating

Protein RNA in Mouse Lung

We further considered the possibility that IL-13 dimin-
ished expression of enzymes related to the synthesis of
Cys-LTs. To determine this, we examined RNA expression
of enzymes that convert LTA4 to LTB4 (LTA4 hydrolase) and
LTA4 to LTC4 (LTC4 synthase), as well as a protein that
functions with 5-lipoxygenase to synthesize LTs (arachid-
onate 5-lipoxygenase–activating protein using quantitative
reverse transcription–PCR analysis). We found that with
our standard protocol (3 days of IL-13 treatment), RNA
levels of these enzymes were unchanged (Figure 4, A
through C), suggesting that decreases in Cys-LT levels af-
ter IL-13 treatment are not the result of altered transcrip-
tion of other enzymes in the Cys-LT production pathway.
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Figure 3. Profile of prostaglandins (PG) and thromboxane B2 (TXB2)
in bronchoalveolar lavage fluid (BALF) samples from mice that were
interleukin 13 (IL-13) sensitized. Levels of PGF2a (A), PGE2 (B), PGD2

(C), or TXB2 (D) were analyzed by enzyme-linked immunosorbent assay
in BALF from wild-type (GGL1) and g-glutamyl leukotrienase (GGL)–
deficient (GGL2/2) mice. n 5 5–10. Values are mean 6 SEM.

Figure 4. Total messenger RNA was isolated from lung tissue and,
after reverse transcription, was used in quantitative polymerase chain
reaction to analyze levels of the following normalized pulmonary tran-
scripts. A, Leukotriene (LT) A4 hydrolase (LTA4H). B, LTC4 synthase
(LTC4S). C, Arachidonate 5-lipoxygenase–activating protein
(ALOX5AP). Results are expressed as the ratio of each transcript/b-actin
3 100 (% b-actin). Values are mean 6 SEM.

Increases in AR to LTC4 and IL-13 Are Additive and
Dependent on STAT6 Signaling

BALB/c mice treated with IL-13 (0.116 mg) twice a day
for 3 days exhibited a significant increase in AR compared
with the control group (Figure 5, A). This finding is sim-
ilar to results with C57BL/129SvEv mice (Figure 1, A). A
similar increase in AR was observed when BALB/c mice
were treated with 0.5 mg of LTC4 twice a day for 3 days.
When mice were treated with LTC4 and IL-13 together, a
greater increase in AR was observed than that produced
by either agent alone, demonstrating an additive effect of
LTC4 and IL-13. To examine a possible role for IL-13 sig-
naling in LTC4–induced AR, IL-4Ra–deficient mice (of a
BALB/c background) were challenged with 1 mg of LTC4

or 0.0116 mg of IL-13 (Figure 5, B). As expected, IL-4Ra–
deficient mice failed to respond to IL-13, confirming the
previous observation that IL-13 uses this receptor to pro-
mote AR.7 However, LTC4 treatment of IL-4Ra–deficient
mice resulted in a significant increase in AR to acetylcho-
line compared with the control group. To determine if
LTC4–induced AR was STAT6 dependent, STAT6-deficient
mice were also treated with LTC4 or IL-13 (Figure 5, C).
In contrast to IL-4Ra–deficient mice, STAT6-deficient mice
failed to respond to LTC4 or IL-13. This finding demon-
strates that LTC4- and IL-13–induced AR requires STAT6.
Cys-LTs were also measured in the BALF of these mice
(Figure 6); our data show that the decrease in Cys-LT after
IL-13 treatment is also dependent on STAT6.

STAT6 Signaling Is Involved in LTC4- and IL-13–Induced
Lung Inflammation

Bronchoalveolar lavage fluid was collected from BALB/
c and STAT6-deficient mice treated with LTC4 or IL-13 to
determine the degree of airway inflammation induced by
these agonists. Similar to experiments in mixed back-
ground mice, IL-13 increased the total cells entering the
airways of WT mice (Figure 7, A), whereas STAT6-defi-
cient mice showed no airway inflammation. Similarly,
BALB/c mice, but not STAT6-deficient mice, treated with

exogenous LTC4 showed a significant increase in total air-
way cells relative to control mice. Interleukin 13 and LTC4

enhanced the total numbers of macrophages, lympho-
cytes, eosinophils, and neutrophils obtained from BALF
of WT mice (Figure 7, B). Airway lymphocytes, eosino-
phils, and neutrophils were also increased in STAT6-de-
ficient mice challenged with LTC4 and IL-13 but to a far
less degree than in BALB/c mice. These data strengthen
the argument that LTC4 actions in AR and pulmonary in-
flammation are dependent on the STAT6 signaling path-
way.
STAT6 Modulates Cys-LT and IL-13 Receptor Expression
We also examined the RNA levels of LTC4-treated or IL-

13–treated BALB/c and STAT6-deficient mice. In WT mice
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Figure 5. Airway reactivity to acetylcholine in response to interleukin
13 (IL-13) or leukotriene C4 (LTC4) in BALB/c mice (A), IL-4 receptor
a–deficient (IL-4Ra2/2) mice (B), or signal transducer and activator of
transcription 6 (STAT6)–deficient mice (C). A, Effect of IL-13 and LTC4

treatment on airway reactivity to ACh in BALB/c wild-type mice. IL-13
1 alcohol (ETOH) versus vehicle, * P , .01. LTC4 versus vehicle, † P
, .01. IL-13 1 LTC4 versus 0.9% sterile saline 1 ETOH, ** P , .01.
n 5 8–10. Values are mean 6 SEM. Evaluation of the airway reactivity
as PC200 to ACh in (B) IL-4Ra–deficient mice or (C) STAT6-deficient
mice treated with IL-13 or LTC4. n 5 5. Vehicle versus LTC4 or IL-13
1 ETOH, * P , .01. n 5 6–8. Values are mean 6 SEM. Airway reac-
tivity was assessed between 18 and 20 hours after the last IL-13 or LTC4

intranasal challenge.

Figure 6. Analyses of endogenous cysteinyl leukotriene (cys-LT) levels
(LTC4, LTD4, and LTE4) were evaluated in bronchoalveolar lavage fluid
samples in BALB/c or signal transducer and activator of transcription 6
(STAT6)–deficient mice treated with 0.9% sterile saline 1 alcohol
(ETOH), LTC4, or interleukin 13 (IL-13) 1 ETOH. Vehicle versus IL-13
1 ETOH treated wild-type mice, * P , .05, and wild-type versus
STAT6-deficient mice treated with IL-13, ** P , .05. n 5 10. Values
are mean 6 SEM.

Figure 7. Pulmonary inflammation in response to leukotriene C4

(LTC4) and interleukin 13 (IL-13). Changes in total cells (A) and in pro-
files of cells (B) recovered in bronchoalveolar lavage fluid from
BALB/c or signal transducer and activator of transcription 6 (STAT6)–
deficient mice treated with 0.9% sterile saline, LTC4, or IL-13 for 3
days, twice a day. Wild-type (WT) vehicle versus WT LTC4 or IL-13,
* P , .05. Wild-type versus STAT6-deficient, † P , .05. n 5 6–7. Val-
ues are mean 6 SEM.

(BALB/c), the number of Cys-LT receptor 1 transcripts is
increased by LTC4 or IL-13 treatment (Figure 8, A). Mice
that are STAT6 deficient show a constitutively higher level
of Cys-LT receptor 1 transcripts than WT mice, but ad-
ministration of LTC4 or IL-13 does not further increase this
value. Transcript levels of Cys-LT receptor 2 in WT mice
were unresponsive to LTC4 but showed an increase after
IL-13 treatment (Figure 8, B). However, STAT6-deficient
mice again showed higher basal levels of the receptor
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Figure 8. Examination of normalized cysteinyl leukotriene (Cys-LT)
receptor transcripts in the lung after LTC4 or interleukin 13 (IL-13) ad-
ministration. Total messenger RNA was isolated from the lung tissue
and reverse transcribed to complementary DNA (cDNA). The cDNA
was amplified by specific primers for (A) Cys-LT receptor 1 and (B) Cys-
LT receptor 2. Results are expressed as the ratio of each transcript/b-
actin 3 100 (% b-actin). Wild-type (WT) vehicle versus WT LTC4 or
IL-13, * P , .05; WT versus signal transducer and activator of tran-
scription 6 (STAT6)–deficient, † P , .05. Values are mean 6 SEM.

Figure 9. Analysis of normalized interleukin 13 receptor a1 (IL-
13Ra1) transcripts in the lung after leukotriene C4 (LTC4) or IL-13 treat-
ment. Total messenger RNA was isolated from the lung tissue and re-
verse transcribed to complementary DNA (cDNA). The cDNA was am-
plified by specific primers for IL-13Ra. Results are expressed as the
ratio of each transcript/b-actin 3 100 (% b-actin). Vehicle versus
LTC4 or IL-13 for individual mouse strains, * P , .05. Values are
mean 6 SEM.

RNA, which did not change in response to LTC4 or IL-13.
We also examined the ability of LTC4 to affect the expres-
sion of IL-13Ra1 RNA, the subunit that combines with
IL-4Ra to create a functional IL-13 receptor. Leukotriene
C4 increased transcript levels of IL-13Ra1 in the presence
or absence of STAT6 (Figure 9). This finding provides ad-
ditional evidence of cross talk between the LT and IL-13
pathways.

COMMENT
Leukotriene C4 and IL-13 are present in the airways of

asthmatic patients,6 and studies suggest that LTC4 and IL-
13 have a prominent role in the pathogenesis of asthma.25–32

However, little is known about the mechanisms by which
LTC4 induces its responses or possible cross talk between
the LTC4 and IL-13 signaling pathways. In the present
study, we provide novel evidence, to our knowledge, that
LTC4-induced AR and pulmonary inflammation are me-
diated though a STAT6-dependent pathway. Leukotriene
C4 has the ability to cause increases in the IL-13Ra1 sub-
unit RNA in a STAT6-independent manner (Figure 9). In
addition, we show that IL-13 can modulate LTs and LT
receptor RNA levels (Figures 2, 6, and 8). These data imply
that LTC4 and IL-13 can affect the signaling of each other.
The molecular basis for these changes remains unknown,
but with respect to the negative regulation of LT levels by
IL-13, it does not appear that shunting of precursor mol-
ecules or changes in the transcript levels of precursor en-
zymes are involved (Figures 3 and 4).

Recently, other investigators observed a connection be-
tween LTs and IL-13. Vargaftig and Singer33 showed that
intratracheal instillation of IL-13 caused an increase in
Cys-LTs in the BALF of BP2 mice as soon as 15 minutes
after a single installation and persisted for 72 hours. This
result is different from ours and may reflect differences in
the mouse strains used or in the experimental design. We
used BALB/c and C57BL/129SvEv mice, treated them
twice a day for 3 days by intranasal instillation, and made
our measurements 18 to 20 hours later. In our studies, we
found that treatment with IL-13 caused a decrease in Cys-
LTs in BALF. Vargaftig and Singer used a dose of 4.0 mg,
while our dose was less than 10% of this amount (0.035
mg). Interactions between the LT and IL-13 pathways are
complex and will require further study.

We also demonstrated that IL-13 caused an increase in
the Cys-LT receptors 1 and 2 RNA in WT mice (Figure 8).
The relationship of this finding to our data about IL-13–
induced decreases on LTs is unclear, but other investiga-
tors have found increases in the Cys-LT receptor 1 in fi-
broblast and macrophage cell lines.34,35 These studies sug-
gest that IL-13 can affect LT signaling by modulating the
levels of Cys-LT or Cys-LT receptors.

Our study demonstrates that LTC4 induces AR and lung
inflammation through an IL-4– and IL-13–independent
but a STAT6-dependent pathway. This finding can be ex-
plained in 2 ways. First, there may be an as yet unrec-
ognized Cys-LT receptor that signals through STAT6. Sec-
ond, because Cys-LT receptors 1 and 2 are known to be
Gaq-coupled receptors,19 another possibility is that some-
how Gaq activation activates the STAT6 pathway. There is
increasing evidence for both of these possibilities. Since
the discovery of Cys-LT receptor agonists and antagonists,
there has been controversy about the inability to produce
or inhibit specific responses. These experiments led to the
idea that there must be other receptors that bind Cys-
LTs.19–21,36 Although there is no direct evidence of a Gaq-
coupled receptor activating STAT6, there are several stud-
ies showing that G protein–coupled receptors activate oth-
er STAT molecules.37–41 This underscores the need for fur-
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ther studies examining the complex interaction between
these signaling pathways.

In summary, we demonstrated that intranasal instilla-
tion of IL-13 causes decreases in Cys-LT production but
an increase in Cys-LT receptors 1 and 2 RNA. Further-
more, the changes in Cys-LT production are not accom-
panied by an increase in other arachidonic acid by-prod-
ucts or by a change in RNA levels for Cys-LT–associated
enzymes. In addition, endogenously and exogenously el-
evated levels of LTC4 caused an increase in AR. This AR
by LTC4 is dependent on STAT6 activation. Conversely, the
ability of LTC4 to increase the RNA level of IL-13Ra1 was
not dependent on STAT6. These findings suggest that
there is significant regulation of LTC4 and IL-13 signaling
pathways by LTC4 or by IL-13. A better understanding of
these effects and of the cross-regulation of these pathways
could provide the basis for new treatments for asthma.

This study was supported by grant ES 07827 from the National
Institutes of Health, Bethesda, Md, and by a Senior Investigator
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