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Background: Cysteinyl leukotrienes (CysLTs) are key mediators for bronchoconstriction,
eosinophil recruitment and mucus production in the airways of asthmatic patients. To better
understand the role of CysLTs in different asthma phenotypes, we compared the levels of
arachidonic acid metabolites in relation to asthma control status and phenotypes in adult
asthmatics on regular anti-asthma medications.

Methods: A total of 137 adult asthmatics (47 with aspirin-exacerbated respiratory disease
[AERD] and 90 asthmatics with aspirin-tolerant asthma [ATA]) and 20 healthy controls were
enrolled. Arachidonic acid metabolites in serum and urine were analyzed using LC-MS/MS
methods, and clinical data, including asthma control status, exhaled NO (FeNO) and lung
function tests, were collected.

Results: Urine LTE, levels were significantly higher in AERD patients on inhaled corticos-
teroid-long-acting - agonist plus leukotriene receptor antagonist (LTRA) treatment than in
ATA patients (P=0.001). No differences were found in the serum or urine levels of 15-HETE,
TXB,, or PGF,, High serum LTE, levels were associated with lower FEV1% and uncon-
trolled status in AERD patients (P=0.006 and P=0.002, respectively), but not in ATA
patients. Multivariate analysis demonstrated that blood eosinophil counts, FeNO levels and
aspirin hypersensitivity were significant factors affecting urine LTE, levels.

Conclusion: Despite LTRA treatment in AERD, the LTE, levels remained high and showed
close associations with blood eosinophilia, high FeNO levels and impaired disease control.
Our real-world evidence indicates that control of asthma is not fully achieved by blocking the
CysLT pathway with LTRA. Thus, introduction of treatment modalities targeting eosinophi-
lia could be a better option for patients with high CysLTs.

Keywords: asthma, leukotrienes, asthma control, aspirin-exacerbated respiratory disease,
eosinophil

Introduction
Asthma is a heterogeneous disease with many clinical phenotypes characterized by
variable airflow obstruction, chronic airway inflammation and bronchial hyperrespon-
siveness. Asthma is usually controlled by the regular use of an inhaled corticosteroid
(ICS) with or without a long-acting B,-agonist (LABA) or a leukotriene receptor
antagonist (LTRA). Despite the standard asthma treatment, about 10% to 20% of
patients still remain uncontrolled, often with frequent exacerbations.'~

The pathophysiology of asthma is complex, and multicellular inflammatory
processes including eosinophils, neutrophils, T helper cells, monocytes, mast
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cells, basophils and epithelial cells with various chemical
mediators and cytokines are involved.> Cysteinyl leuko-
trienes (CysLTs), namely LTC,, LTD4 and LTE, have
been suggested to be important inflammatory mediators
enhancing airway inflammation and uncontrolled asthma,
especially for patients with aspirin-exacerbated respiratory
disease (AERD). They are produced in a cascade manner
via the arachidonic acid (AA) pathway by mast cells and
eosinophils in the airways.*

LTE,, a stable and reliable metabolite, has been
detected in serum and urine, and used as an indicator for
the activation of AA or CysLT pathways.” Higher urine
levels of LTE, (uLTE,) have been reported in patients with
moderate to severe asthma as well as with AERD, in
whom activation of the CysLT pathway is related to eosi-
nophil recruitment into the airways,® and shows a negative
correlation with FEV,.” Leukotriene receptor antagonists
(LTRAsS), including montelukast, zafirlukast and pranlu-
kast, have been developed to reduce CysLTs-mediated
airway inflammation in asthmatics.® CysLTs are known
to cause bronchoconstriction, mucosal edema and mucus
secretion.” Moreover, they are involved in airway remo-
deling via activating epithelial cells. Previous studies have
revealed the role of CysLTs in airway remodeling via
TGF-B1 production'® and enhancing TGF-B1 response.'’
The clinical efficacy of LTRAs in adult asthmatics has
been reported in some studies, in which addition of
LTRAs improves asthma control status in adult asthmatics
whose symptoms remain uncontrolled despite the use of
ICSs.'> However, some asthmatics do not respond ade-
quately to LTRAs, even together with ICS and LABA, and
the detection of high LTE, levels in urine or serum has
been suggested to enrich the responders. To date, there
have been few studies to examine whether airway inflam-
matory responses remain uncontrolled with use of LTRAs
in adult patients with AERD or
asthma (ATA).

The primary objective of the present study was to

aspirin-tolerant

examine the levels of AA metabolites according to
LTRA medication as well as anti-inflammatory medica-
tion including ICS, and to find whether the LTRA
of LTE,.

Furthermore, we evaluated whether the levels of AA

treatment could suppress the levels
metabolites are associated with asthma control status
and the degree of eosinophilic inflammation in a real-
world clinical setting involving patients with AERD

and those with ATA.

Methods
Study Design and Study Subjects

This study was a prospective cross-sectional and noninter-
ventional real-world study. We enrolled 47 patients with
AERD, 90 patients with ATA and 20 normal healthy con-
trols (HC) at Ajou University Hospital in Suwon, South
Korea. Asthma was diagnosed according to the GINA by
the allergy specialists. Exclusion criteria for enrollment
were as follows: 1) asthmatics who had ever been treated
with type 2 biologics, including omalizumab, mepolizu-
mab, reslizumab and dupilumab, within 130 days of
enrollment, 2) current smokers or ex-smokers who quit
smoking within 30 days of enrollment; and 3) asthmatics
whose controller medications were changed within 7 days
of enrollment.

Study subjects were recruited according to current
maintenance medications, especially LTRA as well as
ICS-LABA. In addition, they were grouped by NSAID/
aspirin hypersensitivity because the levels of AA metabo-
lites are known to be different in patients with AERD
compared to those with ATA.> The ATA group was
divided into 2 subgroups: ATA with ICS-LABA and ATA
with ICS-LABA plus LTRA. In the AERD group, all the
AERD patients enrolled had been taking ICS-LABA plus
LTRA (Figure 1). The doses of ICS were grouped into
low, medium and high doses as defined in the Global
Initiative for Asthma guideline (GINA) guideline."?

AERD was defined by a typical clinical history (recur-
rent exacerbation of upper or lower respiratory reactions
after ingestion of aspirin/NSAIDs) and/or a positive
response to the lysine-aspirin bronchial provocation test
(Lys-ASA BPT).'"* The Lys-ASA BPT was performed with
increasing doses of Lys-ASA solution up to 300 mg/mL
using the method previously reported.'® The result of the
Lys-ASA BPT was considered “positive” if FEV% was
decreased by more than 20% after the challenge. Subjects
who showed negative results to the Lys-ASA BPT or
denied any changes in upper or lower respiratory tract
symptoms after ingestion of aspirin/NSAIDs were defined
as ATA.

To evaluate the levels of AA metabolites according to
asthma control status, study subjects were grouped by
asthma control status (well controlled, partly controlled
or uncontrolled status) based on the GINA guideline. Well-
controlled asthma was defined if patients experienced day-
time symptoms and reliever use less than twice a week
without night awakening or activity limitation in the past 4
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Figure | Study subject group enrolled in the present study.
Note: Asthma control status was defined by the GINA guideline.

Abbreviations: AERD, aspirin-exacerbated respiratory disease; ATA, aspirin tolerant asthma; HC, healthy control; ICSLABA, inhaled corticosteroid/long-acting beta-

agonist; LTRA, leukotriene receptor antagonist.

weeks. Uncontrolled asthma was defined if asthmatics
showed ACT < 20%'¢ or ACQ-6 > 1.5.'7 Severe asthma
was defined according to the American Thoracic Society
Workshop.'® All subjects gave written informed consent at
the time of enrolment, and the study was approved by the
Institutional Review Board of Ajou University Hospital
(AJIRB-BMR-SUR-15-498). This study was conducted
in accordance with the Declaration of Helsinki.

Collection of Clinical Data and Samples

Peripheral venous blood, sputum and urine samples were
collected from the subjects between 8:00 AM and 11:00
AM when the patients were maintained on controller med-
ications including ICS-LABA and LTRAs. Blood eosino-
phil total
immunoglobulin E (IgE) levels were analyzed. The

counts, sputum eosinophil counts and
serum and urine levels of metabolites, including LTE,, 15-
hydroxyeicosatetraenoic acid (15-HETE), 11-dehydro
thromboxane B, (TXB,) and prostaglandin F,, (PGF,,),
were quantified using liquid chromatography-tandem mass
spectrometry (LC-MS/MS). LTE4-ds, 15(S)-HETE-dg,
TXB,-d4 and 8-iso PGF,,-d4 were used as internal stan-
dards. Chromatographic separation was performed using
a Waters Acquity UPLC system (Waters) with a Hypersil

GOLD column (2.1 x 100 mm, 1.9 pm: ThermoFisher

Scientific, San Jose, CA, USA). Data were obtained
using an API5S500 triple quadrupole mass spectrometer
(AB Sciex, Framingham, MA, USA) equipped with an
ESI source. For the quantitative determination of creati-
nine in urine samples, 10 pL of the urine sample were
applied to the Creatinine Parameter Assay Kit (R&D
Systems, Minneapolis, MN, USA).19 Pulmonary function
test, fractional exhaled nitric oxide (FeNO) measurement,
questionnaires survey using the asthma control test (ACT),
and asthma quality of life (AQLQ) and asthma control
questionnaire (ACQ-6: ACQ mean of 6 individual item
scores) were performed on the same day of enrollment.

Measurement of Serum and Urine Levels
of Metabolites

Serum and urine samples stored at —70°C were thawed and
analyzed by LC-MS/MS. Chromatographic separations of
metabolites in urine and serum were performed with
a Hypersii GOLD (2.1 X 100 mm, 19 pm:
ThermoScientific, San Jose, CA, USA). The eluent was
introduced into an AB Sciex, API5S500 Triple Quadrupole
mass spectrometer. The following deuterated internal stan-
dards were used: LTE4-d5 for LTE,, 15(S)-HETE-d8 for
15-HETE, 11-dehydro TXB,-d4 for 11-dehydro TXB, and
8-iso PGF,a-d4 for PGF,, (Cayman Chemical Company,
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Ann Arbor, MI, USA). In urine samples, creatinine was
also quantified to normalize to the actual concentrations of
each biomarker and 1,3-dimethyl-2-imidazolidinone
(Sigma-Aldrich, St. Louis, MO, USA) and then used as
the internal standard for creatinine.

Statistical Analysis

Continuous variables were compared using Student’s
t-test, and Pearson’s chi-squared or Fisher’s exact test
were used for categorical variables. Analysis of variance
was performed for comparisons among the 3 groups.
General linear regression analysis was performed to adjust
for the confounding factors age and sex, and to compare
metabolite levels between the groups. Pearson’s correla-
tion analysis identified associations among continuous
variables. All computations were performed using SPSS
software, version 22.0 (IBM Corp., Armonk, NY, USA).
GraphPad Prism 5.0 software (GraphPad Inc., San Diego,
CA, USA) was used for the production of graphs.

Results
Clinical Characteristics and Asthma
Control Status of the Study Subjects

Table 1 summarizes the demographic information of all
the study subjects on the day of enrollment. ICSs that were
prescribed to the study subjects were beclomethasone,
budesonide and fluticasone. The proportion of low-, med-
ium or high-dose ICS users was not significantly different
between patients with AERD and ATA (low-dose: 25.5%
vs 15.6%, medium-dose: 57.4% vs 59.4%, high-dose:
17.0% vs 25.0%; P>0.05 for all). LTRAs that were used
in the study subjects were montelukast (10mg/day) and
pranlukast (450mg/day). The AERD group showed higher
blood eosinophil counts but lower levels of total IgE
compared to the ATA group (P=0.011 and P=0.029,
respectively), while no significant differences were
observed in lung function parameters. There were no sig-
nificant differences in asthma control status between the
AERD and ATA groups. The ACT, ACQ or AQLQ scores
showed no significant differences between the AERD and
ATA groups (ACT:21.15 £ 3.11 vs 20.40 + 4.06, ACQ:
4.60 £ 4.95 vs 6.32 = 5.74, AQLQ: 172.72 £ 37.04 vs
165.82 + 38.84; P>0.05 for all). Inflammatory parameters
or lung functions showed no significant differences
between ATA patients with ICS/LABA and with ICS/
LABA plus LTRA. However, a higher proportion of well-

controlled asthmatics, as defined by the GINA guideline,

was observed in ATA patients with ICS/LABA than with
ICS/LABA plus LTRA (P=0.031). The ACT and AQLQ
scores were significantly higher in ATA patients with ICS-
LABA than with ICS-LABA plus LTRA (ACT: 21.77 £
3.18 vs 19.84 £ 4.26, P=0.041,AQLQ: 186.96 + 23.61 vs
157.23 £ 40.63; P<0.001 for both). The ACQ score
showed no significant difference (4.680 + 6.04 vs 6.97 +
5.53, P = 0.092) between the 2 groups. Regarding the
comorbidities, chronic rhinosinusitis was more common
in AERD than in ATA patients (40 [85.1%] in AERD
and 35 [38.9%] in ATA patients, P<0.001). There were
no significant differences in prevalence of gastroesopha-
geal reflux disease and obesity between patients with
AERD and those with ATA (4 [8.5%] vs 7 [7.8%)],
P=0.881; 12 [25.5] vs 32 [35.6], P=0.254).

Serum and Urine Levels of LTE,4, 15-
HETE, TXB, and PGF,a in the Study

Subjects

In HCs, the serum levels of LTE,, 15-HETE, TXB, PGF,
o and LTE,/PGF,a ratio were found to be 0.03 + 0.06 ng/
mL, 0.97 £ 0.97 ng/mL, 0.26 = 0.70 ng/mL, 0.07 £ 0.15
ng/mL and 0.09 + 0.19 (mean = SD), respectively; the
urine levels of LTE,4, 15-HETE, TXB, PGF,a and LTE,
/PGF,a ratio were 469.11 + 1390.33 pg/mg creatinine,
412.06 + 1423.53 pg/mg creatinine, 381.92 + 703.50 pg/
mg creatinine, 781.11 + 454.50 pg/mg creatinine and 0.22
+ 0.48 (Figure 2).

The serum levels of LTE,, LTE4/PGF,a ratio and the
urine levels of LTE,4, PGF,a and LTE4/PGF,0 ratio showed
significantly different among groups of AERD, ATA, and
HC (ANOVA, P=0.014, P=0.016, P=0.007, P=0.010, and
P<0.001, respectively) (Figure 2). The urine levels of LTE,,
and the serum and urine levels of LTE4/PGF,a ratio were
significantly higher in the AERD group than in the ATA
group (urine: LTE,4, 539.25 £ 789.53 pg/mg creatinine vs
161.57 + 328.94 pg/mg creatinine, serum: LTE,/PGF,a,
0.62 = 0.81 vs 0.39 + 0.46, urine: LTE4/PGF,0, 0.39 +
0.46 vs 0.12 £ 0.21; P<0.001, P=0.009 and P<0.001, respec-
tively), while marginal differences were noted in the serum
levels of TXB»; no significant differences were noted in the
levels of 15-HETE (Figure 2). Subsequently, we further
analyzed the association of the levels of LTE, and LTE,
/PGF,, ratio with clinical parameters. Receiver operating
characteristic analysis (Figure S1) revealed that the urine
levels of LTE,; and LTE4/PGF,, ratio could discriminate
AERD patients from ATA patients (P<0.001, AUC=0.746
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Figure 2 The serum and urine levels of lipid mediators in the 3 study groups. (A) LTE4. (B) I15-HETE. (C) TXB,. (D) PGF,a. (E) LTE4/PGF,0.
Note: General linear regression analysis was performed to compare metabolite levels between the groups.
Abbreviations: AERD, aspirin-exacerbated respiratory disease; ATA, aspirin tolerant asthma; LT, leukotriene; HETE, hydroxyeicosatetraenoic acid; TXB,, | |-dehydro

thromboxane B2; PG, prostaglandin.

and P<0.001, AUC=0.747, respectively). Significant posi-
tive correlations were observed between the serum and urine
levels of LTE,, but no correlation was found between the
serum and urine levels of other metabolites (Figure S2).

Serum and Urine Levels of LTE, in
Asthmatics According to LTRA

Medication

The serum and urine levels of LTE, and LTE,/PGF,, ratio
were found to be 0.15 + 0.23 ng/mL, 0.43 + 0.59, 324.44 +
600.14 pg/mg creatinine and 0.23 + 0.36 in asthmatics
who had been taking ICS/LABA plus LTRA. The serum
levels of LTE4/PGF,a ratio and the urine levels of LTE,,
and LTE4/PGF,a ratio showed significantly different
(ANOVA, P=0.031, P=0.001,
P<0.001, respectively) as shown in Figure 3. The urine

among  groups and
levels of LTE,, and the serum and urine levels of LTE,
/PGF,, ratio were significantly higher in the AERD
patients than in the ATA patients who were on LTRA
medication (P=0.001, P=0.023 and P<0.001, respectively)
(Figure 3A and B). Neither serum nor urine levels of LTE,
or LTE,/PGF,,, ratio showed any significant differences in

the ATA group between ATA patients on ICS-LABA and
on ICS-LABA plus LTRA (P>0.05 for all). Considering
the higher proportion of well-controlled asthmatics in the
ATA group with ICS-LABA use, multivariate linear
regression analysis was performed to adjust for asthma
control status. After adjusting for asthma control status
(regardless of GINA guideline asthma control status,
ACT, ACQ and AQLQ score), neither serum or urine
levels of LTE, or LTE4/PGF,a ratio showed any signifi-
cant differences according to LTRA medication in ATA
patients (P>0.05 for all). There were no differences in the
serum or urine levels of 15-HETE, TXB, or PGF,,
between the AERD and ATA groups according to asthma

control status or clinical parameters.

Serum and Urine LTE4 Levels in
Asthmatics According to Asthma Control
Status and Severity

Although the serum and urine levels of LTE, and LTE,
/PGF,a ratio were not significantly different by ANOVA,
uncontrolled AERD patients showed significantly higher
serum and urine levels of LTE, compared to controlled or
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Figure 3 The serum (A) and urine (B) levels of LTE4 in asthmatics according to LTRA medication.
Note: General linear regression analysis was performed to compare metabolite levels between the groups.
Abbreviations: AERD, aspirin-exacerbated respiratory disease; ATA, aspirin tolerant asthma; LT, leukotriene; PG, prostaglandin; ICSLABA, inhaled corticosteroid/long-

acting beta agonist; LTRA, leukotriene receptor antagonist.

partly controlled AERD patients (Figure 4A). The serum
levels of 15-HETE and TXB, were significantly higher in
uncontrolled AERD patients than in controlled or partly
controlled patients (P=0.002 and P=0.011, respectively),
while no differences were noted in the serum levels of
PGF,, (data not shown). When asthma control status was
classified according to ACQ scores, the AERD patients
with ACQ > 1.5 showed significantly higher serum levels
of LTE, and LTE4/PGF,, ratio compared to controlled
AERD patients (P=0.025 and P=0.011, respectively)
(Figure S3).

No differences in the serum or urine levels of LTE, or
LTE4/PGF,, ratio were observed in ATA patients accord-
ing to asthma control status as defined by the GINA
guideline, ACT < 20 or ACQ-6 > 1.5 (Figure 4B).
However, ACQ scores significantly associated with the
urine levels of LTE, after adjusting for age and sex using
multivariate linear regression analysis in ATA patients
(P=0.032, B=11.931, Exp[B]=151,979.07).

There were no significant differences in the serum or
urine levels of LTE, 15-HETE, TXB, PGF,, or LTE,4
/PGF,0 ratio between non-severe asthma and severe
asthma (data not shown).

Correlation Between LTE4 Levels and
Type 2 Inflammatory Markers

The serum and urine levels of LTE, and LTE,/PGF,a ratio
were found to be significantly higher in patients with
blood eosinophil counts >300/puL (serum, P=0.001 and

P=0.020 P<0.001 each)
(Figure 5). There were weak but significant positive asso-

respectively;  urine, for
ciations of the serum and urine levels of LTE, with blood
cosinophil counts and FeNO levels (serum: r=0.426,
P<0.001, and r=0.243, P=0.005, respectively; urine:
r=0.386, P<0.001, and »=0.356, P<0.001, respectively)
(Figure 6A), These correlations were seen in both AERD
and ATA patients (AERD: serum, r=0.446, P=0.002, and
P=0.168; urine, =0.389, P=0.007 and r=0.524, P<0.001;
ATA: serum, r=0.367, P<0.001, and »=0.263, P=0.014;
urine, =0.274, P=0.009 and P=0.566, respectively).

Patients with chronic rhinosinusitis (CRS) had signifi-
cantly higher serum and urine levels of LTE, and LTE,
/PGF,, ratio than those without (serum: P=0.001 and
P=0.018, respectively; urine: P=0.001 and P<0.001,
respectively) (data not shown). No significant associations
were found between the serum and urine levels of LTE,
and lung function parameters, including FEV,, FVC and
MMEF (Figure 6B), in all asthmatics.

However, when study subjects were classified into the
high (>the median level of LTE,) vs low (<the median
level of LTE,) LTE, groups, significantly lower predicted
values of FEV,, FVC and MMEF were noted in subjects
with high LTE,; within the AERD group (P=0.006,
P=0.015 and P=0.016, respectively) (Tables S1 and S2).
Also, blood eosinophil counts were significantly higher in
the high LTE, group than in the low LTE, group (P<0.05).
In addition, to investigate factors affecting the serum and
urine levels of LTE,, multivariate analyses of aspirin
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Figure 4 The levels of LTE, in patients according to asthma control status in AERD (A) and ATA (B) patients.
Notes: Asthma control status was defined by GINA guideline. General linear regression analysis was performed to compare metabolite levels between the groups.
Abbreviations: AERD, aspirin-exacerbated respiratory disease; ATA, aspirin tolerant asthma; LT, leukotriene; PG, prostaglandin.

sensitivity, presence of CRS, asthma control status by the

GINA guideline, blood eosinophil counts, FeNO levels

age and sex were performed. Blood eosinophil count was

the only factor significantly affecting the serum levels of
LTE, (P<0.001, B=0.000336, Exp[B]=1.000336) (Table
S3). Aspirin sensitivity, blood eosinophil counts and

FeNO levels significantly affected

the urine levels of

LTE,
P<0.001,

(P=0.009,
B=0.674,

B=257.246,
Exp[B]=1.961,

P=

0.633
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and P=0.001,

B=4.444, Exp[B]=85.094, respectively) (Table S4).

Discussion

This is the first study to demonstrate that LTE, levels
remain high and show a strong association with blood
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Journal of Asthma and Allergy 2021:14

https:

1227

Dove:


https://www.dovepress.com
https://www.dovepress.com

Ban et al

Dove

eosinophil counts, FeNO levels and asthma control status
in asthmatic patients despite maintenance medications
with ICS-LABA plus LTRA. First, we showed that, in
a subpopulation of AERD patients with high LTE, levels,
airway inflammation could not be fully suppressed by
maintenance medications according to current treatment
guidelines, ie ICS-LABA plus LTRA, suggesting that
CysLTs-mediated inflammation does not solely drive dis-
ease severity in these patients. Secondly, high LTE, levels
in ATA patients did not show association with lung func-
tion, and the proportion of well-controlled patients was
lower in patients treated with ICS-LABA plus LTRA
when compared to those treated with ICS-LABA alone.
Thirdly, in both AERD and ATA patients, high LTE, levels
were linked with persistent eosinophilia. Based on these
findings, we propose that earlier eosinophilia-targeting
treatment could be a better option than LTRA when
a combination of ICS-LABA does not lead to disease
control.

ICS-LABA is known to be the mainstay of treatment
options for asthma.'® LTRA provides an additive benefit
for asthmatics whose asthma is not adequately controlled
with ICS alone or ICS-LABA, which is derived from the
limited capability of corticosteroids to inhibit the leuko-
triene synthesis pathway.®**?* Clinical studies on the
efficacy of LTRA treatment have been discrepant, and
targeting of the LTRA treatment to asthmatic patients
with high LTE, levels has been suggested to improve
the efficacy. The present study performed in a real-
world clinical setting clearly demonstrated that the
of LTE,4
a considerable number of adult asthmatics, and the higher
in the AERD group than in the ATA group despite ICS-
LABA plus LTRA medications, suggesting that LTRA
medication does not modulate the levels of LTE,.”

serum and urine levels were high in

LTRA, a selective antagonist of the CysLT, receptor, is
known to directly block the action of CysLTs, but not
their synthesis. However, it has been speculated that the
synthesis of CysLTs could be reduced in the chronic use
of LTRAs.** LTD,4 up-regulates IL-13 and its receptor,
and IL-13 production up-regulates the synthesis of
CysLTs CysLT,
receptor.”” Furthermore, the anti-inflammatory activity

and then the expression of the

of LTRAs could decrease the influx of inflammatory
cells in the lungs. Accordingly, the cross-talk between
CysLTs and type 2 cytokines could result in the self-
perpetuating circuit of airway inflammation.”° Blocking
of CysLT; receptor could interrupt this and secondarily

down-regulate the levels of LTE,. However, this kind of
modulation of the levels of CysLTs by LTRA was not
supported by our findings.

Human eosinophils are the main source of CysLTs, and
CysLTs exert autocrine signals regulating IL-4 secretion
and activating eosinophils.”® Recent studies suggest that
CysLTs also induce innate immune responses via stimulat-
ing release of thymic stromal lymphopoietin (TSLP) and
IL-33 from type 2 alveolar cells and epithelial cells.'#*"-?
Therefore, TSLP/IL-33 and CysLTs synergistically acti-
vate group 2 innate lymphoid cells, provoking IL-5 release
and persistent eosinophilic inflammation.”® The present
study showed that there were significant associations
between the serum/urine levels of LTE, and blood eosino-
phil counts/FeNO levels, with a negative correlation
between uLTE4 and FEV1/FVC, indicating a close link
LTE, type

inflammation.

between and 2/eosinophilic  airway

The strength of the present study is that this study was
performed in a real-world clinical setting, which also has
its limitations in design. Although the critical factors that
may affect the levels of LTE, were controlled (eg asth-
matics who used biologics or showed recent asthma
exacerbation were excluded, LTRA users were separately
analyzed), other factors that could affect the levels of LTE,
including medications for comorbidities, ICS adherence or
diet pattern were not completely controlled. Because of the
cross-sectional study design, further studies are needed to
confirm our results. Altogether, our findings support earlier
reports that a subgroup of patients with asthma, both in the
ATA and AERD groups, is not adequately controlled with
a combination of ICS-LABA plus LTRA.*® In addition,
targeting LTRA treatment to patients with high LTE,
levels does not necessarily improve the efficacy, since
persistent eosinophilia, lung inflammation and progressive
lung function decline were seen in patients with high LTE,
despite LTRA treatment along with ICS-LABA. Another
plausible explanation for the poor efficacy of LTRA treat-
ment may be that an unidentified LTE, receptor could
mediate airway inflammation in asthma and resist cur-
rently available LTRAs.*'*? However, no such recent evi-
dence exists to support this interpretation.

In conclusion, our results emphasize the need for other
therapeutic options in asthmatic patients with high LTE,
levels, such as targeting eosinophils, TSLP or IL-33, and
suggest the role of CysLTs as a major driver of eosinophi-

lic airway inflammation and remodeling.*
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