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Summary

Background: This study aims to uncover the potential cor-
relation between LTC4S -444 A>C polymorphism and sus-
ceptibility to asthma. 
Methods: Literatures reporting the correlation between
LTC4S -444 A>C polymorphism and susceptibility to asth-
ma published before 1st June, 2019 were searched in
PubMed, Embase, Cochrane, Wanfang and CNKI. Eligible
literatures were enrolled and their data were extracted. OR
and its 95% CI were calculated for assessing the correlation
between LTC4S -444 A>C polymorphism and susceptibility
to asthma. The included data were weighted by an inverse
variance and then analyzed by a fixed or random effects
model. Heterogeneity test and sensitivity analysis were per-
formed on the enrolled reports. STATA12.1 and TSA (trial
sequential analysis) were utilized for analyses.   
Results: Fifteen studies involving 3,791 asthma patients
and 2,185 healthy controls were enrolled. No significant
correlation was found between the LTC4S -444 A>C poly-
morphism and susceptibility to asthma according to the
results of different models ((Dominant model (D):
OR=1.10, 95% CI=0.98–1.23; Recessive model (R):
1.07, 0.84–1.36; Homozygous model (Homo): 1.11,
0.87–1.41; Heterozygous model (Hetero): 1.10, 0.98–

Kratak sadr`aj

Uvod: Ova studija ima za cilj da otkrije potencijalnu kore -
laciju izme|u LTC4S -444 A>C polimorfizma i pod lo`nosti
astmi.
Metode: Literatura koja izve{tava o korelaciji izme|u LTC4S
-444 A>C polimorfizma i podlo`nosti astmi objavljena pre
1. juna 2019. pretra`ena je u PubMed, Embase, Cochrane,
Vanfang i CNKI. Prihvatljiva literatura je upisana i njihovi
podaci su izvu~eni. OR i njegov 95% CI su izra~unati za
procenu korelacije izme|u LTC4S -444 A>C polimorfizma
i podlo`nosti astmi. Uklju~eni podaci su ponderisani in -
verznom varijansom, a zatim analizirani pomo}u modela
fiksnih ili slu~ajnih efekata. Ispitivanje heterogenosti i
ana liza osetljivosti ura|eni su na upisanim izve{tajima. Za
ana lize su kori{}eni STATA12.1 i TSA (probna sekvencijal-
na ana liza).
Rezultati: Uklju~eno je 15 studija koje su uklju~ivale 3.791
pacijenta sa astmom i 2.185 zdravih kontrola. Nije pro -
na|ena zna~ajna korelacija izme|u polimorfizma LTC4S -
444 A>C i podlo`nosti astmi prema rezultatima razli~itih
modela ((Dominantni model (D): OR=1,10, 95% CI=0,98
–1,23; Recesivni model (R)): 1,07, 0,84–1,36; Homo -
zigotni model (Homo): 1,11, 0,87–1,41; Heterozigotni
model (Hetero): 1,10, 0,98–1,24; Alel model (A): 1,07,
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Introduction 

Bronchial asthma is a chronic allergic condition
of the respiratory tract. The pathogenesis of asthma is
complex, involving diverse inflammatory cells and
structural cells (1–3). Asthma-induced chronic in -
flammation and structural change result in the high
reactivity of the airways and limitation of the generally
reversible expiratory flow (4, 5). It is estimated that
there are approximately 300 million people suffering
from asthma and 180,000 people die of asthma
globally (6, 7). The etiology and pathogenesis of asth-
ma have not been comprehensively explored yet (8,
9). Generally, environmental and genetic factors both
contribute to the occurrence of asthma (10).
Exposure to allergic substances, pollutants, tobacco
and smog have been recognized as intrinsic and
extrinsic risk factors for asthma (11). Individuals with
different genetic backgrounds exhibit different levels
of susceptibility to asthma, highlighting the role of
genetic components in the occurrence and progres-
sion of asthma (12, 13). 

LTC4S is a key enzyme for the production of cys-
teinyl leukotrienes (CysLTs). Polymorphism A-444C of
Cytidine (C) instead of Adenosine (A) is present in
promoter region -444 of LTC4S gene. The frequency
of C (-444) variant allele is 22.6% in normal controls
and 43.6% in aspirin asthma patients (14, 15).
Relevant studies have uncovered that LTC4S is upreg-
ulated in eosinophils of individuals carrying C-444
allele, thus contributing to the enhanced intracellular
synthesis capacity of CysLTs (16, 17). Current
researches focus on genetic understanding of asthma
pathogenesis (17). It is reported that LTC4S -444
A>C polymorphism in Han population is closely
linked to disease severity and pulmonary dysfunction-
al level in adult non-acute asthma (18). This polymor-
phism is identified to be closely related to high reac-
tivity of the respiratory tract, chronic inflammation,
respiratory remodeling, and decreased lung function
in patients with bronchial asthma (15–18).

So far, several researches on underlying the cor-
relation between LTC4S -444 A>C polymorphism
and susceptibility to asthma have been published
(15–18). However, the conclusion was controversial.
This study searched for relevant studies and analyzed
their potential correlation. 

Materials and Methods

Literature search

Literatures reporting the correlation between
LTC4S -444 A>C polymorphism and susceptibility to
asthma published before 1st June, 2019 were
searched in PubMed, Embase, Cochrane, Wanfang
and CNKI. Key words searched were as follows:
»Leukotrienes C4 synthase« or »LTC4S -444 A>C« or
»single nucleotide polymorphism« or »variants«, or
»polymorphism«, and »asthma«, and »risk« or »sus-
ceptibility«. No limitations were set on publication
regions. Enrolled studies and their citations were
manually examined by two researchers independent-
ly. Studies with larger sample size or latest published
were selected if data overlapping. 

Inclusion and exclusion criteria

Inclusion criteria were applied as follows: (1)
Case-control or cohort studies; (2) Studies that ana-
lyzed the correlation between LTC4S -444 A>C poly-
morphism and susceptibility to asthma; (3) OR and
95% CI or relative data that could be used to calcu-
late them were provided. 

Exclusion criteria were applied as follows: (1)
Cross-sectional studies, case reports, abstracts and
reviews; (2) Studies that only analyzed asthma; (3)
Inadequate data that could not calculate OR and their
95% CI; (4) Low-quality and repeated studies. 

Data extraction

Baseline data extraction: First author, year of
research, ethnicity, control resource, genotyping
method, OR and its 95% CI. Data acquisition was
independently carried out by two reviewers, and a
third reviewer was responsible for re-evaluating dis-
agreements.

Statistical analysis

The heterogeneity in enrolled studies was tested
using the c2 test at a test level of a= 0.10, and rep-
resented as I2 value. Gene polymorphisms included in
this analysis were studied in at least three case-control

1.24; Allele model (A): 1.07, 0.98–1.18). Subgroup anal-
yses carried out in Asian and Caucasian population, as well
as in population-based and hospital-based controls
obtained the same conclusions. 
Conclusion: No significant correlation is identified between
the LTC4S -444 A>C polymorphism and susceptibility to
asthma. Researches with high-quality and large sample size
are required for further validation in multi-center hospital. 

Keywords: LTC4S -444 A>C polymorphism, susceptibil-
ity, asthma, meta-analysis

0,98–1. Analize sprovedene u Aziji i bele populacije, kao i
u populacijskim i bolni~kim kontrolama dobili su iste
zaklju~ke.
Zaklju~ak: Nije identifikovana zna~ajna korelacija izme|u
LTC4S -444 A>C polimorfizma i podlo`nosti astmi. Za
dalju validaciju u multicentri~noj bolnici potrebna su
istra`ivanja visokog kvaliteta i velike veli~ine uzorka.

Klju~ne re~i: LTC4S -444 A>C polimorfizam, osjetljivost,
astma, Meta-analiza
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studies. P<0.10 or I2>50% was considered to be sta-
tistically heterogeneous and a random effects model
was applied; Otherwise, a fixed effects model was
adopted. OR and its 95% CI in each model were cal-
culated and analyzed by Z test: D (AC + CC vs. AA);
R (CC vs. AC + AA); (C) Homo (CC vs. AA); (D)
Hetero (AC vs. AA); (E) A (C allele vs. A allele).
Genotype in control group was calculated by c2 test.
P<0.05 considered that genotype in control group
was not consistent with Hardy-Weinberg equilibrium
(HWE). At last, Begg’s test and Egger’s test were uti-
lized for evaluating publication bias. Statistical analy-
sis was performed using Stata 12.1 and TSA. 

Results

Characteristics of the studies

Fifteen studies involving 3,791 asthma patients
and 2,185 healthy controls were enrolled (16, 18-
31). Their baseline characteristics and genotype dis-
tribution were listed in Table I. Flow diagram of litera-
ture search and selection process was depicted in
Figure 1. Among the fifteen studies, 8 were carried
out in Caucasian population, 6 were in Asian popula-
tion and 1 was in African population. Besides, 4 stud-
ies were population-based and 11 were hospital-
based. Genotyping methods included sequenced,
SNP-ITTM and PCR-RFLP.  

Quantitative synthesis results

No significant correlation between the LTC4S -
444 A>C polymorphism and susceptibility to asthma
was discovered according to the results of different
models (D: OR=1.10, 95% CI=0.98–1.23; R: 1.07,
0.84–1.36; Homo: 1.11, 0.87–1.41; Hetero: 1.10,
0.98–1.24; A: 1.07, 0.98–1.18) (Table II and Figure 2).

Subgroup analyses carried out in Asian (D:
OR=1.04, 95% CI=0.87–1.24; R: 0.75, 0.46–1.22;
Homo: 0.76, 0.47–1.24; Hetero: 1.07, 0.89–1.29;
A: 1.00, 0.86–1.17) and Caucasian population (D:
OR=1.14, 95% CI=0.98–1.31; R: 1.19, 0.91–1.56;
Homo: 1.24, 0.94–1.65; Hetero: 1.11, 0.96–1.30;
A: 1.12, 0.99–1.25) obtained the same findings
(Figure 3). 

In population-based (D: OR=1.04, 95% CI=
0.81–1.33; R: 1.17, 0.74–1.83; Homo: 1.16, 0.73–
1.86; Hetero: 1.01, 0.78–1.31; A: 1.05, 0.87–1.28)
and hospital-based (D: OR=1.11, 95% CI=0.98–
1.27; R: 1.03, 0.78–1.37; Homo: 1.08, 0.81–1.44;
Hetero: 1.12, 0.98–1.28; A: 1.08, 0.97–1.20) sub-
jects, no significant relationship between the LTC4S -
444 A>C polymorphism and susceptibility to asthma
was observed as well (Figure 4).

Heterogeneity

Heterogeneity was observed in all genetic mod-
els. Interestingly, subgroup analysis can reduce het-
erogeneity. In this analysis, neither the ethnicity nor

Table I Characteristics of studies that investigated the association between LTC4S –444 A>C polymorphism and susceptibility to
asthma.

Author Year Country Ethnicity SOC Genotyping
methods

No. of
case

No. of
control

Case (N) Control (N)
HWE II

AA AC CC AA AC CC

Berghea 2015 Romania Caucasian PB PCR-RFLP 104 103 54 38 12 60 34 9 Y

Kang 2011 Korea Asian HB PCR-RFLP 864 263 583 261 20 176 81 6 Y

Xie 2010 China Asian HB PCR-LDR 72 95 46 23 3 67 26 2 Y 12

Torres-Galvan 2009 Spain Caucasian HB PCR-RFLP 110 82 65 40 5 45 33 4 Y

Wu 2008 China Asian HB PCR-RFLP  145 146 106 34 5 112 30 4 Y 8

Sanz 2006 Spain Caucasian HB Sequenced 130 78 63 56 11 38 33 7 Y 27

Pan 2006 China Asian HB PCR-RFLP 101 105 70 29 2 69 32 4 Y

Choi 2006 Korea Asian HB SNP-ITTM 234 124 164 68 2 94 26 4 Y

Moissidis 2005 USA African PB PCR-RFLP 30 60 26 4 0 54 6 0 Y

Isidoro-Garcia 2005 Spain Caucasian HB PCR-RFLP 123 103 58 54 11 55 41 7 Y

Kedda 2004 Australia Caucasian HB Sequenced 604 462 290 266 48 256 174 32 Y

Sayers 2003 New Caucasian PB PCR-RFLP 645 180 330 256 59 85 79 16 Y

Asano 2002 Japan Asian HB PCR-RFLP 349 171 225 113 11 107 54 10 Y

Van Sambeek 2000 USA Caucasian HB PCR-RFLP 94 137 50 32 12 73 53 11 Y 10

Sanak 2000 Poland Caucasian PB PCR-RFLP 186 76 82 90 14 39 33 4 Y

SOC: Source of controls; PB: Population-based controls; HB: Hospital-based controls; HWE: Hardy-Weinberg equilibrium.



control source can lead to heterogeneity. Galbraith
radial plots in five genetic models showed no signifi-
cant heterogeneity (Figure 5).

Sensitivity analysis

Individual influence on OR was assessed by sen-
sitivity analysis. Pooled OR in our analysis was not

influenced by removal of any single research each
time, verifying the robust conclusion (Figure 6).  

Publication bias

Publication bias in this study was assessed using
Begg’s test and Egger’s test. The systematic shape of
funnel diagram indicated no significant publication
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Figure 1 Flow diagram of literature search and selection process.

Table II Meta-analysis results for the included studies of the association between LTC4S –444 A>C polymorphism and suscep-
tibility to asthma.

Variables
No. of
studies

Dominant model Recessive model Homozygous model Heterozygous model Allele model

OR 
(95% CI)

P-values
I-

squared
(%)

OR 
(95% CI)

P-values
I-

squared
(%)

OR 
(95% CI)

P-values
I-

squared
(%)

OR 
(95% CI)

p-values
I-

squared
(%)

OR 
(95% CI)

P-
values

I-
squared

(%)

–444 A>C (AC + CC) vs. AA CC vs. (AC + AA) CC vs. AA AC vs. AA C vs. A

All 15
1.10 

(0.98–1.23)
0.721 0.0

1.07 
(0.84–1.36)

0.810 0.0
1.11 

(0.87–1.41)
0.742 0.0

1.10 
(0.98–1.24)

0.749 0.0
1.07 

(0.98–1.18)
0.763 0.0

Ethnicity

Asian 6
1.04 

(0.87–1.24)
0.705 0.0

0.75 
(0.46–1.22)

0.483 0.0
0.76 

(0.47–1.24)
0.487 0.0

1.07 
(0.89–1.29)

0.711 0.0
1.00 

(0.86–1.17)
0.658 0.0

Caucasian 8
1.14 

(0.98–1.31)
0.439 0.0

1.19 
(0.91–1.56)

0.983 0.0
1.24 

(0.94–1.65)
0.950 0.0

1.11 
(0.96–1.30)

0.426 0.3
1.12 

(0.99–1.25)
0.611 0.0

Source of control

HB 11
1.11 

(0.98–1.27)
0.696 0.0

1.03
(0.78–1.37)

0.642 0.0
1.08 

(0.81–1.44)
0.599 0.0

1.12 
(0.98–1.28)

0.721 0.0
1.08 

(0.97–1.20)
0.699 0.0

PB 4
1.04 

(0.81–1.33)
0.395 0.0

1.17 
(0.74–1.83)

0.804 0.0
1.16

(0.73–1.86)
0.592 0.0

1.01 
(0.78–1.31)

0.452 0.0
1.05 

(0.87–1.28)
0.450 0.0
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Figure 2 Forest plots of the correlation between LTC4S -444 A>C polymorphism and susceptibility to asthma in fixed-effects
model.

Figure 3 Forest plots of subgroup analysis by ethnicity of the correlation between LTC4S -444 A>C polymorphism and suscep-
tibility to asthma in fixed-effects model. (A) Dominant model; (B) Recessive model; (C) Homozygous model; (D) Heterozygous
model; (E) Allele model.
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Figure 4 Forest plots of subgroup analysis by source of controls of the correlation between LTC4S -444 A>C polymorphism and
susceptibility to asthma in fixed-effects model. (A) Dominant model; (B) Recessive model; (C) Homozygous model; (D)
Heterozygous model; (E) Allele model.

Figure 5 Galbraith plot of the correlation between LTC4S -444 A>C polymorphism and susceptibility to asthma. (A) Dominant
model; (B) Recessive model; (C) Homozygous model; (D) Heterozygous model; (E) Allele model.
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Figure 6 Sensitivity analysis in fixed model. (A) Dominant model; (B) Recessive model; (C) Homozygous model; (D)
Heterozygous model; (E) Allele model.

Figure 7 Begg’s funnel plot of publication bias test. (A) Dominant model; (B) Recessive model; (C) Homozygous model; (D)
Heterozygous model; (E) Allele model.



bias (D: P=0.882; R: P=0.547; Homo: P=0.412;
Hetero: P=0.805; A: P=0.729) (Figure 7).

TSA results

The cumulative z-curve did not cross the test
sequence monitoring boundary. Meanwhile, case
numbers did not exceed the required amount of infor-
mation, indicating that our conclusion are required
for further conclusive evidence (Figure 8).

Discussion

Bronchial asthma is a common chronic respira-
tory disease. Its morbidity and mortality throughout
the world have been risen sharply (1–3). It is estimat-
ed that there are over 25 million asthma patients in
China, most of whom are children (4, 5). Prevention
and intervention of asthma are insufficient in our
country (5–7). In recent years, genetic mutations are
considered to be important risk factors for asthma. A
great number of susceptible genes to asthma have
been identified (9–11). Researches on candidate
genes associated with susceptibility to bronchial asth-
ma have become a hot topic in etiology (12, 13).

LTC4S is an important enzyme in the cysteine
leukotriene synthesis pathway. As a strong inflamma-

tory mediator, cysteinyl leukotriene is widely involved
in many inflammatory pathological processes (14,
15). Cysteinyl leukotrienes is able to alter endothelial
cell permeability and vascular endothelial cell migra-
tion by activating their receptors CysTL1 and CysTL2,
thus influencing smooth muscle spasm and microvas-
cular leakage. LTC4S is located on the chromosome
5q35 (16–18). Current researches on the correlation
between LTC4S –444 A>C and asthma are contro-
versial (17, 18).

Meta-analysis is a powerful tool that yields a
more credible conclusion than that of an individual
study, especially in controversial conclusions obtained
from one common research (20–31). In this paper,
15 independent case-control studies involving 3,791
asthma patients and 2,185 controls were analyzed
(32, 33). Our findings showed no significant relation-
ship between the CC genotype of LTC4S -444 A>C
polymorphism and susceptibility to asthma. Such a
conclusion may be explained by differences of sample
size, genotyping method, research design and statis-
tical approach. Subgroup analyses were conducted
based on ethnic and control group sources.
Identically, no significant relationship was observed
no matter in Asian or Caucasian population, nor pop-
ulation-based or hospital-based control group.
Notably, subjects in control group could be healthy or
accompanied with other diseases except for asthma,

J Med Biochem 2024; 43 (1) 113

Figure 8 Trial sequential analysis of the correlation between LTC4S -444 A>C polymorphism and susceptibility to asthma. The
required information size was calculated based on a two side α= 5%, β= 15% (power 85%), and a relative risk reduction of 20%.
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which may influence the research quality. TSA
reduces random errors caused by repeated measure-
ments of inadequate data and provides a reliable con-
clusion through combining multiple relevant
researches. Here, TSA was conducted to control the
risk of type I errors and estimate the necessarily for
further experiments. In our analysis, the cumulative z-
curve did not cross the monitoring boundary, and the
sample size was insufficient. Therefore, we strongly
considered that the conclusion obtained from this
analysis required for solid validation. In addition, asth-
ma is a multifactorial disease. The pathogenesis of
asthma is closely linked to the interaction of various
genes and environmental factors, not a single gene.
Therefore, the interaction between environmental
factors and genetic variations is of significance in
assessing genetic polymorphism. In the future

research, more data are needed to take into consid-
eration of gene polymorphism in influencing asthma. 

Conclusions

No significant correlation between the LTC4S -
444 A>C polymorphism and susceptibility to asthma.
Researches with high-quality and large sample size
are required for further validation in multi-center hos-
pital. 
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