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Abstract

between three groups.

comparisons.

in independent studies.

Background: Toll like receptors (TLRs) signaling pathways, including the adaptor protein Mal encoded by the
TIRAP gene, play a central role in the development of acute lung injury (ALI). Recently, the TIRAP variants have
been described association with susceptibility to inflammatory diseases. The aim of this study was to investigate
whether genetic variants in TIRAP are associated with the development of ALI.

Methods: A case-control collection from Han Chinese of 298 healthy subjects, 278 sepsis-associated ALl and 288
sepsis alone patients were included. Three tag single nucleotide polymorphisms (SNPs) of the TIRAP gene and two
additional SNPs that have previously showed association with susceptibility to other inflammatory diseases were
genotyped by direct sequencing. The differences of allele, genotype and haplotype frequencies were evaluated

Results: The minor allele frequencies of both rs595209 and rs8177375 were significantly increased in ALl patients
compared with both healthy subjects (odds ratio (OR) = 1.47, 95% confidence interval (Cl):1.15-1.88, P = 0.0027 and
OR = 197, 95% Cl: (1.38-2.80), P = 0.0001, respectively) and sepsis alone patients (OR = 1.44, 95% Cl: 1.12-1.85, P =
0.0041 and OR = 1.82, 95% Cl: 1.28-2.57, P = 0.00079, respectively). Haplotype consisting of these two associated
SNPs strengthened the association with ALl susceptibility. The frequency of haplotype AG (rs595209A, rs8177375G)
in the ALl samples was significantly higher than that in the healthy control group (OR = 2.13, 95% Cl: 1.46-3.09, P =
0.00006) and the sepsis alone group (OR = 2.24, 95% Cl: 1.52-3.29, P = 0.00003). Carriers of the haplotype CA
(rs595209C, rs8177375A) had a lower risk for ALI compared with healthy control group (OR = 0.69, 95% Cl:
0.54-0.88, P = 0.0003) and sepsis alone group (OR = 0.71, 95% Cl: 0.55-0.91, P = 0.0006). These associations
remained significant after adjustment for covariates in multiple logistic regression analysis and for multiple

Conclusions: These results indicated that genetic variants in the TIRAP gene might be associated with
susceptibility to sepsis-associated ALl in Han Chinese population. However, the association needs to be replicated

Background

Acute lung injury (ALI) and its more severe form, the
acute respiratory distress syndrome (ARDS), are syn-
dromes of acute respiratory failure that are characterized
by acute pulmonary edema and lung inflammation. ALI

* Correspondence: bai.chunxue@zs-hospital.sh.cn

t Contributed equally

1Department of Pulmonary Medicine, Zhongshan Hospital, Fudan University,
Shanghai, PR China

Full list of author information is available at the end of the article

( BioMVed Central

remains an important cause of death in the intensive
care units (ICU) and few specific therapies are available
[1]. Although sepsis, pneumonia, aspiration, trauma,
pancreatitis and multiple transfusion are recognized as
the most common causes of ALI, only a small fraction
of patients with these risk factors develop ALI [2]. Clini-
cal and epidemiological studies have supported the
hypothesis that genetic factors might play a part in the
development and outcome of ALI [3-10]. Identification
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of genetic variants may provide new insight into the
molecular pathogenesis of ALI and lead to the develop-
ment of new diagnostic and therapeutic targets [6].

The pathogenetic basis of ALI is incompletely under-
stood. However, emerging evidence has suggested that
the severity and outcome of ALI depend significantly on
systemic inflammatory response [11]. TLRs recognize a
diverse array of pathogens and initiate intracellular sig-
naling via their Toll/interleukin-1 receptor domains,
leading to an inflammatory host response [12]. Accumu-
lating evidence has demonstrated that inappropriate
activation of TLRs signaling pathways plays an impor-
tant role in the pathogenesis of ALI [13]. The adaptor
protein Mal (TIR domain-containing adaptor protein,
TIRAP), encoded by the TIRAP gene, is essential for
MyD88-dependent signaling downstream of TLR2 and
TLR4. After stimulation of TLR2 or TLR4, Mal triggers
a signaling cascade, which culminates in the activation
of the nuclear factor-xB (NF-xB) and the subsequent
activation of pro-inflammatory genes [14]. Therefore, we
considered the TIRAP a robust candidate gene for ALI
susceptibility.

Two functional SNPs in the TIRAP gene have been
found association with inflammatory diseases suscept-
ibility [15-19]. Hawn and coworkers found that the T
allele of rs7932766 (C558T), related to lower levels of
plasma interlukin-6 (IL-6), was associated with increased
susceptibility to meningeal tuberculosis [17]. Recently,
another SNP rs8177374 (C/T), which causes a leucine
substitution at serine 180 of Mal (S180L), was reported
association with susceptibility to pneumococcal disease,
bacteremia, malaria, tuberculosis and septic shock
[15,16]. S180L leads to an amino acid substitution in
which Mal alters TLR2 and TLR4 signaling and thereby
protects against excessive or inappropriate inflammation
[15,16]. To our knowledge, no studies have addressed
the impact of TIRAP genetic variants on ALI risk.

Given the importance of exaggerated inflammatory
response in the pathogenesis of ALL and the pivotal role
of TIRAP in this process, we hypothesized that genetic
variants in TIRAP might be associated with susceptibility
to ALIL Therefore, we performed a prospective study in a
Han Chinese sepsis-associated ALI sample set using tag
SNP approach to examine this hypothesis.

Methods

Study enrollment and design

The present study was reviewed and approved by the
Ethics Study Board of Zhongshan Hospital, Fudan Uni-
versity, Shanghai, China (No: 2006-23). Informed written
consent was obtained from all subjects or from their
legal surrogates before enrollment. Definitions of sepsis
and ALI/ARDS were in accordance with the American
College of Chest Physicians/Society of Critical Care

Page 2 of 8

Medicine Consensus Conference [20] and the Ameri-
can-European Consensus Conference statements
(AECC) (Additional file 1: Supplemental Table S1) [21].
All sepsis subjects enrolled had either severe sepsis or
septic shock. All patients were selected from the Emer-
gency and Respiratory ICUs at Zhongshan Hospital
(Shanghai, China), and were treated according to the
Surviving Sepsis Campaign guidelines [22]. Exclusion
criteria included age below 18 years, severe chronic
respiratory disease, severe chronic liver disease (defined
as a Child-Pugh score of > 10), using of high-dose
immunosuppressive therapy and AIDS patients. All sep-
sis patients were screened daily for ALI/ARDS develop-
ment and those who fulfilled the AECC criteria for ALI/
ARDS were considered as ALI cases, which included
ALI and ARDS patients; whereas those patients who did
not develop ALI/ARDS during hospital stay were con-
sidered as sepsis alone patients. Baseline characteristics,
source of infection, and Acute Physiology and Chronic
Health Evaluation (APACHE) II scores of all patients
were obtained during ICU stay. Sex- and age-matched
controls were selected from healthy blood donors. Ques-
tionnaires including smoking, chronic illness and the
history of ALI or sepsis were obtained from all control
subjects. Healthy controls were defined as individuals
without any recent acute illness, any chronic illness and
a history of ALI or sepsis. To reduce the potential con-
founding from ethnic backgrounds, we only enrolled
people with self-reported origin of central Han Chinese,
including indigenous people from Zhejiang Province,
Jiangsu Province, Anhui Province and Shanghai [23,24].

SNP selection and genotyping

Tag SNPs were selected based on the data of Han
Chinese in Beijing (CHB) from the HapMap project
phase II [25]. Three tag SNPs (rs595209, rs3802813 and
rs8177375) for the 11.85-kb region encompassing the
entire TIRAP gene were identified by Tagger within
Haploview using the following tagging criteria: pairwise
tagging of the HapMap CHB Population with r* > 0.8
and a minor allele frequency (MAF) > 5%. Additionally,
two coding SNPs (rs8177374 predicting Ser180Leu, and
1s7932766 predicting Alal86Ala) were also genotyped in
this study as they have showed evidence of association
with other inflammatory diseases [15-19]. These were
not genotyped as part of the HapMap project.

Genomic DNA was extracted from whole blood using
FlexiGene DNA Kit (Qiagen Hilden, Germany) following
the manufacturer’s protocol. Genotyping was performed
by direct sequencing at the Chinese National Human
Genome Center in Shanghai, China. Using Primer 3
software, we designed two primers to completely incor-
porate the five SNPs. A 693 bp fragment harboring
rs595209 and rs3802813 was amplified using the
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following primers: forward, 5-TGGTGAAACCC-
CGTCTCTAC-3 and reverse, 5-TGGCACAGCTCG-
GACACTAT-3". Another 519 bp fragment harboring
rs7932766, rs8177374 and rs8177375 was amplified
using the following primers: forward, 5’-GCCAGG-
CACTGAGCAGTAGT-3 and reverse, 5-ATGTTCT-
GAGCCCTTCGTGT-3". The PCR cycling conditions for
both fragments involved a denaturation step at 95°C for
5 min and then 35 cycles of 95°C for 30 s, 57°C for 40 s
and 72°C for 45 s, with a final elongation cycle of 72°C
for 8 min.

The sequencing reactions were performed using
Applied Biosystems BigDye (version 3.1) chemistry
(Applied Biosystem, Foster City, CA, USA), and the
sequences were resolved using an ABI 3730 Genetic
Analyzer. Analyses of the sequence traces were per-
formed using the Staden package and double scored by
a second operator [26]. A duplicate were added to each
96-well sample plate for quality assurance and quality
control validation of inter-plate discordance, and we
placed an extra 10 duplicates into our sample set in
order to test for experiment-wide discordance. The data
completion rate was 99%.

Statistical analysis

The demographic variables between different groups
were compared by y” test for categorical variables and
by one-way ANOVA or Student’s ¢-test for continuous
variables. Genotype distributions were evaluated for
departures from Hardy-Weinberg equilibrium by the
Haploview v4.1 software [27]. The differences in allele
and genotype distributions between groups were exam-
ined for statistical significance with x> test or with Fish-
er’s exact test when appropriate. P values for genotypic
distributions were calculated using the global genotype
test. Allele counts in cases and controls were used to
calculate the OR and the 95% CI. Multiple logistic
regression was used to evaluate if each SNP was inde-
pendently associated with ALI when adjusted for the
potential confounding effects of important clinical vari-
ables. When comparing ALI patients to sepsis alone
patients, age, gender, body mass index (BMI), history of
smoking, diabetes, liver cirrhosis and APACHE II score
were included in the multivariate models because of
their established association with ALI [28-30]. When
comparing ALI patients to healthy controls, age, gender,
BMI and history of smoking were included in the multi-
variate models. A two tailed P-value of < 0.05 was con-
sidered statistically significant, whereas a value of
corrected P < (0.05/number of tests), was considered
significant after Bonferroni correction. The linkage dise-
quilibrium (LD) between SNPs was calculated in terms
of r? values by the Haploview v4.1 software [31]. Two-
locus haplotypes were estimated using EM algorithm by

Page 3 of 8

Haploview v4.1. The haplotype-specific association was
analyzed by Haploview v4.1 and the omnibus test were
was analyzed by PLINK [32]. The case/control omnibus
test is an H-1 degree of freedom test, where H is the
number of different haplotypes. Each haplotype was
compared with all other haplotypes as the reference in
calculating the OR. The SNP-SNP interaction (epistasis)
was also investigated among the SNPs using PLINK
[32]. A P-value less than 0.05 was considered statistically
significant. The software used for statistical calculations
was the SPSS 15.0 (SPSS Inc., Chicago, IL, USA) unless
specified.

Results

Characteristics of the study population

From February 2006 to August 2009, a total of 278 sep-
sis-associated ALI (103 ALI, 175 ARDS) and 288 sepsis
alone patients were enrolled in this study. An additional
population of 298 ethnic-matched healthy blood donors
was recruited for comparison. The baseline characteris-
tics of the study population are shown in table 1. The
primary source of infection was the lungs, involving
87.1% of the combined sample of sepsis alone and ALI
patients. There was no significant difference in age, gen-
der, BMI, diabetes, liver cirrhosis and history of smoking
between ALI patients and sepsis alone patients (P >
0.05). Sepsis-associated ALI patients had average a
higher APACHE II scores and mortality ratio than sep-
sis alone patients (P < 0.001), although they were com-
parable in infection sites.

Associations of the TIRAP gene SNPs with ALI risk

Of the three tag SNPs, the MAFs of rs595209,
rs3802813 and rs8177375 in our sample were 32.1%,
16.3% and 11.6% respectively. The MAFs of the two
reported SNPs (rs7932766 and rs8177374) were lower
than 5% in our data (1.1% and 2.5%, respectively). The
genotype and allele frequencies of the five polymorph-
isms in all studied subjects are summarized in Addi-
tional file 1: Supplemental Table S2. The genotyping
success rates ranged from 98% to 99% and did not
diverge from Hardy-Weinberg equilibrium (P > 0.05)
(Additional file 1: Supplemental Table S2).

Single locus analysis showed two SNPs (rs595209 and
rs8177375) were associated with ALI risk, whereas other
three SNPs (rs3802813, rs7932766 and rs8177374)
showed no association (Table 2). The alleles of
rs595209A and rs8177375G occurred significantly more
frequently in the ALI group than in both the healthy
control group (OR = 1.47, P = 0.0027; OR = 1.97, P =
0.0001, respectively) and the sepsis alone group (OR =
1.44, P = 0.0041; OR = 1.82, P = 0.00079, respectively),
which remained significantly after Bonferroni correction.
Moreover, in multivariate analyses after adjustment for
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Table 1 Demographic and clinical characteristics of all subjects
Healthy controls Acute lung injury patients Sepsis alone patients P value

Number 298 278 (175 ARDS) 288 N.A
Age 653 + 112 63.1 + 121 64.8 £ 144 0.55
Male (%) 175 (58.7%) 166 (59.7%) 176 (61.1%) 0.84
BMI (kgm’z) 21+ 4 23+ 8 22+6 0.23
Diabetes 0% 43 (15.5%) 40 (13.9%) 0.60
Liver cirrhosis 0% 12 (4.3%) 9 (3.1%) 0.45
Smoker 125 (41.9%) 120 (43.2%) 117 (40.6%) 0.83
Sepsis Insult

Lung N.A 244 (87.8%) 249 (86.5%) 0.64

Abdomen N.A 15 (54%) 15 (5.2%) 0.92

UTl N.A 5 (1.8%) 7 (2.5%) 0.60

Bloodstream N.A 10 (3.6%) 11 (3.7%) 0.89

Other N.A 4 (1.4%) 6 (2.1%) 0.75
APACHE Il N.A 195+ 33 153 £ 26 < 0.001
Mortality (%) 0% 149 (46.4%) 96 (33.7%) < 0.001

ARDS, acute respiratory distress syndrome; N.A, not available; BMI, body mass index; UTI, urinary tract infection; APACHE, acute physiology and chronic health

evaluation.

covariates, both SNPs were still significantly associated
with the development of ALI when compared with
healthy control group (OR,q; = 1.43, P,q; = 0.0036; OR,;
= 1.81, P,q; = 0.00031, respectively) and sepsis alone
group (ORadj = 1.36, Padj = 0.0082; ORadj = 1,51, Padj =
0.0041, respectively). The genotypes frequencies of
rs595209 and rs8177375 in the ALI group were also sig-
nificantly different from that in the healthy control
group (P = 0.0034; P = 0.00047, respectively) and the
sepsis alone group (P = 0.0084; P = 0.0026, respectively),
the significance remained present in a multivariate ana-
lysis controlling for covariates and after Bonferroni cor-
rection (Table 2). However, the difference of the allele
and genotype frequencies of rs595209 and rs8177375
between subjects with sepsis alone and healthy controls

was not statistically significant (P > 0.05) (Additional file
1: Supplemental Table S3). No significant interaction
was found between rs595209 and rs8177375 (P > 0.05).
The low r* value between the rs595209 and rs8177375
(r? = 0.17) indicated the two signals were independent
not simply due to LD (Figure 1).

Associations of the TIRAP gene haplotypes with ALI risk

We next carried out haplotype analysis on the basis of
these two associated SNPs and found that a two-allele
model of risk provided the strongest predictor of risk,
which was highly significant (P = 0.00006 in ALI group
vs control group and P = 0.00003 in ALI group vs sepsis
alone group). The two SNPs (rs595209 C/A and
rs8177375 A/G) generated three common haplotypes

Table 2 Association analysis of the five SNPs in TIRAP between different groups

SNP Reference Acute lung injury patients vs. Healthy controls Acute lung injury patients vs. Sepsis alone patients
allele  OR(95% Cl) p p® OR (95%Cl) p PP
rs595209 A 147 (1.15-1.88) 0.0027 0.0034 144 (1.12-1.85) 0.0041 0.0084
143 (1.12-1.82)% 0.0036* 0.0041* 1.36 (1.07-2.02)* 0.0082* 0.0095*
rs3802813 A 3 (0.83-1.55) 044 0.34 1.03 (0.75-1.41) 0.85 0.61
0 (0.80-1.45)* 0.56* 048* 1.01 (0.61-1.24)* 091* 0.69*
1s8177374 T 143 (049-4.14) 0.51 0.59 1.67 (0.54-5.13) 0.85 041
1.28 (04 434)* 0.63* 0.75% A1 (051-4.93)* 0.92* 0.55%
157932766 T 049 (0.21-1.15) 0.095 0.091 0.58 (0.24-1.40) 0.22 0.28
0.56 (O 28-1 25)* 0.19* 0.23% 0.51 (0.20-1.34)* 0.28* 0.39*
rs8177375 G 1.97 (1.38-2.80) 0.0001 0.00047 2 (1.28-2.57) 0.00079 0.0026
1 (1.30-2.69)* 0.00031* 0.00098* 1 (1.15-3.04)* 0.0041* 0.0083*

SNP, single nucleotide polymorphism; OR, odds ratio; Cl, confidence interval.
P?, allelic P value; P°, genotypic P value.

* The adjusted P-value and OR in multiple logistic regression after adjustment for clinical variables.
A P-value of < 0.01 (0.05/5) was considered statistically significant after Bonferroni correction. Rs595209 and rs8177375 remained significant after Bonferroni

correction.
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Figure 1 Linkage disequilibrium plot of five single nucleotide
polymorphisms in TIRAP genotyped in the current study. We
constructed the plot with the Haploview program [27], and r?
(x100) values were depicted in the diamonds. The color code on
the plot follows the r* scheme: r* = 0, white; 0 < r* < 1, shades of
grey; r* = 1, black.

with frequency >5%: CA with frequency of 66.4%, AA
with frequency of 22.1% and AG with frequency of 9.8%.
A global test showed significant association with omnibus
p value of 0.015 in ALI group vs control group and 0.011
in ALI group vs sepsis alone group. In haplotype-specific
analysis, the frequency of haplotype AG (rs595209A,
rs8177375Q) in the ALI samples was significantly higher
than that in the healthy control group (OR = 2.13, 95%
CI: 1.46-3.09, P = 0.00006) and the sepsis alone group
(OR = 2.24, 95% CI: 1.52-3.29, P = 0.00003), suggesting
its role as an ALI risk haplotype. After adjustment for
covariates, the haplotype AG still associated with
increased risk of ALI (Table 3). Another haplotype CA
(rs595209C, rs8177375A) appeared protective, as it was
found to be more frequent in both healthy control and
sepsis alone group than in the ALI group. Carriers of the
CA haplotype had a lower risk for ALI compared with
healthy control (OR = 0.69, 95% CI: 0.54-0.88, P =
0.0003) and sepsis alone group (OR = 0.71, 95% CI: 0.55-
0.91, P = 0.0006). The protective effect of haplotype CA
remained significant after adjustment for covariates
(Table 3). No association was found between haplotype
AA and ALI susceptibility. Similar to the results from
individual SNP analysis, the difference in the three
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haplotypes frequencies between sepsis alone patients and
healthy controls was not statistically significant (P > 0.05)
(Additional file 1: Supplemental Table S4).

Discussion
TLRs and their signaling pathways play a central role in
the initiation of host immune response [12]. Previous
studies have described that excessive activation of host
immune response contributed to the overproduction of
proinflammatory cytokines and the development of ALI
or sepsis [13]. Recently, several variants in the TLR sig-
naling pathways genes have been reported to influence
the production of inflammatory cytokines and associate
with susceptibility to sepsis [15,17,33,34]. However, no
studies have addressed the impact of genetic variants in
TLR signaling pathways on susceptibility to or outcome
of ALL To our knowledge, this was the first study to
investigate the association between the genetic variants
of TIRAP and the risk ALL. We found that the A allele
of rs595209 and the G allele of rs8177375 were signifi-
cantly associated with the increased risk of ALL Consis-
tent with the single SNPs analysis, two haplotypes
constructed by rs595209 and rs8177375 were also asso-
ciated with the risk of ALIL These associations remained
significant after correction for multiple testing. However,
the distribution of TIPAP polymorphisms and haplo-
types were not significantly different between healthy
control and sepsis alone patients. Taken together, our
results provided strong evidence that TIPAP variants are
associated the development of sepsis-associated ALL
TIRAP/Mal, a bridging adapter in the TLRs signaling
pathway, plays a significant role in the pathophysiology
of ALI and contributes to morbidity and mortality in
both animal models and humans [35]. TIRAP-deficient
mice was resistant to the toxic effects of lipopolysac-
charide, with defective induction of TNF-a, IL-6 and
IL-12, delayed activation of NF-xB and MAP kinases.
Protein leak and neutrophil recruitment in the lung
were also abrogated in the TIRAP-deficient mice
[36,37]. Although rs8177374 and rs7932766 that influ-
ence inflammatory cytokine production were found
association with various inflammatory diseases, we did
not find any association between these two SNPs and
ALI susceptibility in the current study. Previous studies
showed that the minor allele frequencies of both
rs8177374 and rs7932766 were high in West-Eurasian
but rare in Asian populations [15,38]. The allele and
genotype frequencies of these two SNPs in our study
subjects were consistent with that in Asian populations
from the previous studies [15-17]. It was important to
note that, given the low minor allele frequencies, our
power to detect an association for these two polymorph-
isms was limited. Assuming the prevalence of 0.01 and
the OR of 1.5 and using a significance level of 0.05, our
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Table 3 Association analysis of haplotypes in TIRAP between different groups
Haplotypes Healthy control  Acute lung injury  Sepsis alone P? OR® (95% Cl)  P® OR® (95% Cl)
rs595209, rs8177375 (Frequency) (Frequency) (Frequency)
Global test 0.015 001
0.016* 0.014*
CA 0.678 0.602 0.686 0.0003 0.69 (0.54-0.88) 0.0006 0.71 (0.55-091)
0.00057* 0.75 (0.60-0.91)* 0.0009* 0.72 (0.54-0.93)*
AA 0.224 0.228 0.218 0.65 7 (0.81-141) 0.78 1.04 (0.79-1.38)
0.52% 2 (0.87-2. 17)* 042* 1.21 (0.54-2. 06)*
AG 0.076 0.157 0.080 0.00006 2.13 (1.46-3.09) 0.00003 224 (1.52-3.29)
0.0002* 8 (1.35-2.92)* 0.0004* 209 (141-3.01)*

OR, odds ratio; Cl, confidence interval.

P? and OR? , acute lung injury vs healthy control; P® and OR®, acute lung injury vs sepsis alone.
* The adjusted P-value and OR in multiple logistic regression after adjustment for clinical variables.
A P-value of < 0.025 (0.05/2) was considered statistically significant after Bonferroni correction. Haplotypes CA and AG remained significant after Bonferroni

correction.

study had only 11.9% and 11.8% power to detect asso-
ciation with rs8177374 (MAF of 1.0%) in 278 acute lung
injury patients and 288 sepsis alone patients vs. 298
control respectively, and had 25.0% and 24.7% power to
detect association with rs7932766 (MAF of 2.9%) in 278
acute lung injury patients and 288 sepsis alone patients
vs. 298 control respectively. A large-scale case-control
study in Han Chinese population should be performed
to evaluate the association between these two poly-
morphisms and ALI susceptibility.

When compared with the genotypes of other popula-
tions from HapMap, we found the rs8177375A allele
frequency in our healthy controls and those of Asian
descent (CHB), Europeans descent (CEU) and African
descent (YRI) from Hapmap does not vary significantly.
The minor rs595209 A allele associated with sepsis
related ALI has the frequency of 29.6% in the current
298 healthy controls, similar to the Hapmap CHB data
(34.3%). However, the A allele of rs595209 is the major
allele with a frequency of 93.2% in YRI and 83.2% in
CEU from Hapmap data. It remains to be determined
whether these differences between ethnic groups influ-
ence susceptibility to sepsis related ALIL Investigation in
other population is also expected to determine whether
the findings is Chinese population specific.

Rs595209 and rs8177375 were reported for the first time
to be associated with the susceptibility of ALI. These two
SNPs were both located in the non-coding region
of TIRAP. SNP rs595209 is located in the intron region of
TIRAP. Although rs595209 is at the neighboring region of
the nonsynonymous SNPs rs8177374 and rs7932766 in
the DNA sequence, these SNPs are not in high LD with
each other (Figure 1). SNP rs8177375 was located in the 3’
untranslated region (UTR) of the transcript NM_148910
and in the intron region of NM_001039661. It is well
known that 3" UTRs are regulatory elements which can
control protein expression, primarily through effects on

mRNA stability and also through transcript translatability
[39]. Therefore, it is highly probable that rs8177375 alter
the structure of the 3° UTRs, consequently influence the
expression of NM_148910. However, given that these
were tag SNPs, it is more likely that rs595209 and
rs8177375 are tagging other common or rare variants of
the TIRAP gene associated with ALI. Another possibility
is that the association might be due to LD with variants
from nearby genes. Exhaustive resequencing is required to
find or rule out the possibility an as-yet-unidentified causal
SNP in LD with rs595209 and rs8177375. And further
functional studies are needed to investigate whether the
variants have an effect on TIRAP mRNA stability and
translatability.

This study has a number of strengths. First, a sepsis
without ALI group was used for comparison to exclude
the possibility of a false association with sepsis. Second,
to minimize racial admixture, we focused on central
Han Chinese patients, which could be regarded as one
single homogenous population [23,24]. Third, to reduce
the heterogeneous etiologies for ALI, the present study
only included patients whose primary etiology for ALI
was sepsis. Of note, a major limitation of our study is
the lack of independent samples to validate the associa-
tions. Additionally, we did not resequence the gene and
instead used publicly available SNP databases. Thus,
some variants could have been missed due to incomple-
teness of these databases.

Conclusions

In conclusion, we reported for the first time that two tag
SNPs in the TIRAP gene contribute to increased risk of
sepsis-associated ALI in Han Chinese population. How-
ever, as this was the first study to analyze the genetic
variants in TIRAP and ALI risk, future studies are
needed to validate the associations in other populations
and exhaustively resequence of the TIRAP gene region.
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Additional material

Additional file 1: Supplemental Table S1. The definitions of sepsis,
severe sepsis, septic shock and ALI/ARDS. The definitions for sepsis,
severe sepsis, septic shock and ALI/ARDS by the American College of
Chest Physicians/Society of Critical Care Medicine Consensus and the
American-European consensus conference statements. Supplemental
Table S2. Allele and genotype frequencies of the TIRAP gene SNPs in all
the subjects. Allele and genotype frequencies of rs595209, rs3802813,
158177375, rs8177374 and rs7932766 in the healthy controls, ALl patients
and sepsis alone patients. Supplemental Table S3. Association analysis of
the five SNPs in TIRAP between sepsis alone and healthy control groups.
Association analysis of rs595209, rs3802813, rs8177375, rs8177374 and
157932766 between healthy controls and sepsis alone patients.
Supplemental Table S4. Association analysis of haplotypes in TIRAP
between sepsis alone and healthy control groups. Association analysis of
three haplotypes (CA, AA and AG) between healthy controls and sepsis
alone patients.

Abbreviations

TLRs: toll like receptors; ALl: acute lung injury; SNP: single nucleotide
polymorphism; OR: odds ratio; Cl: confidence interval; ARDS: acute
respiratory distress syndrome; ICU: intensive care unit; TIRAP: TIR domain-
containing adaptor protein; NF-xB: nuclear factor-xB; IL-6: interlukin-6; AECC:
American-European consensus conference statements; APACHE: acute
physiology and chronic health evaluation; MAF: minor allele frequency; BMI:
body mass index; LD: linkage disequilibrium; UTR: untranslated region.

Acknowledgements

The authors would like to thank Qinjun Shen, Yong Zhang, Mian Shao,
Yaping Zhang, Xinmei Yang, Jin Zhang and Ruiyan Liu for patient
recruitment; Lu Fan for helpful comments on this manuscript; Xiangdong
Wang and Peizhi Huang for research support; and the patients and staff of
EICU and RICU at Zhongshan Hospital, Fudan University.

This work was supported by the Major Program of the National Natural
Science Foundation of China (30930090), the National Natural Science
Foundation of China (81000023), the Shanghai Leading Academic Discipline
(B115), the Shanghai Public Health Fund for Distinguished Young Scholars
(08GWQO026), and the Chinese National Ministry of Health for the study of
diagnosis and treatment for ARDS.

Author details

'Department of Pulmonary Medicine, Zhongshan Hospital, Fudan University,
Shanghai, PR China. “Department of Emergency Medicine, Zhongshan
Hospital, Fudan University, Shanghai, PR China. *Departments of Medicine
and Physiology, Cardiovascular Research Institute, University of California, San
Francisco, USA.

Authors’ contributions

CXB and CYT conceptualized and supervised the study. ZJS designed the
study, carried out the statistical analysis and wrote the manuscript. ZS, VS,
CLY, JJJ and JY were involved with in the recruitment of the patients and
controls. YLS helped in preparing the manuscript. LG helped with
conducting the experiments.

All authors read and approved the final manuscript.

Competing interests
The authors declare that they have no competing interests.

Received: 21 July 2010 Accepted: 30 November 2010
Published: 30 November 2010

References

1. Matthay MA, Zimmerman GA, Esmon C, Bhattacharya J, Coller B,
Doerschuk CM, Floros J, Gimbrone MA Jr, Hoffman E, Hubmayr RD, et al:
Future research directions in acute lung injury: summary of a National

20.

Page 7 of 8

Heart, Lung, and Blood Institute working group. Am J Respir Crit Care Med
2003, 167(7):1027-1035.

Ware LB, Matthay MA: The acute respiratory distress syndrome. N Engl J
Med 2000, 342(18):1334-1349.

Adamzik M, Frey U, Sixt S, Knemeyer L, Beiderlinden M, Peters J, Siffert W:
ACE 1/D but not AGT (-6)A/G polymorphism is a risk factor for mortality
in ARDS. Eur Respir J 2007, 29(3):482-488.

Arcaroli J, Sankoff J, Liu N, Allison DB, Maloney J, Abraham E: Association
between urokinase haplotypes and outcome from infection-associated
acute lung injury. Intensive Care Med 2008, 34(2):300-307.

Su L, Zhai R, Sheu CC, Gallagher DC, Gong MN, Tejera P, Thompson BT,
Christiani DC: Genetic variants in the angiopoietin-2 gene are associated
with increased risk of ARDS. Intensive Care Med 2009, 35(6):1024-1030.
Gao L, Grant A, Halder I, Brower R, Sevransky J, Maloney JP, Moss M,
Shanholtz C, Yates CR, Meduri GU, et al: Novel polymorphisms in the
myosin light chain kinase gene confer risk for acute lung injury. Am J
Respir Cell Mol Biol 2006, 34(4):487-495.

Bajwa EK, Yu CL, Gong MN, Thompson BT, Christiani DC: Pre-B-cell colony-
enhancing factor gene polymorphisms and risk of acute respiratory
distress syndrome. Crit Care Med 2007, 35(5):1290-1295.

Lagan AL, Quinlan GJ, Mumby S, Melley DD, Goldstraw P, Bellingan GJ,

Hill MR, Briggs D, Pantelidis P, du Bois RM, et al: Variation in iron
homeostasis genes between patients with ARDS and healthy control
subjects. Chest 2008, 133(6):1302-1311.

Medford AR, Keen LJ, Bidwell JL, Millar AB: Vascular endothelial growth
factor gene polymorphism and acute respiratory distress syndrome.
Thorax 2005, 60(3):244-248.

Flores C, Pino-Yanes Mdel M, Villar J: A quality assessment of genetic
association studies supporting susceptibility and outcome in acute lung
injury. Crit Care 2008, 12(5):R130.

Schwartz MD, Moore EE, Moore FA, Shenkar R, Moine P, Haenel JB,
Abraham E: Nuclear factor-kappa B is activated in alveolar macrophages
from patients with acute respiratory distress syndrome. Crit Care Med
1996, 24(8):1285-1292.

Akira S, Takeda K, Kaisho T: Toll-like receptors: critical proteins linking
innate and acquired immunity. Nat Immunol 2001, 2(8):675-630.

Imai Y, Kuba K, Neely GG, Yaghubian-Malhami R, Perkmann T, van Loo G,
Ermolaeva M, Veldhuizen R, Leung YH, Wang H, et al: Identification of
oxidative stress and Toll-like receptor 4 signaling as a key pathway of
acute lung injury. Cell 2008, 133(2):235-249.

Yamamoto M, Sato S, Hemmi H, Sanjo H, Uematsu S, Kaisho T, Hoshino K,
Takeuchi O, Kobayashi M, Fujita T, et al: Essential role for TIRAP in
activation of the signalling cascade shared by TLR2 and TLR4. Nature
2002, 420(6913):324-329.

Ferwerda B, Alonso S, Banahan K, McCall MB, Giamarellos-Bourboulis EJ,
Ramakers BP, Mouktaroudi M, Fain PR, Izagirre N, Syafruddin D, et al:
Functional and genetic evidence that the Mal/TIRAP allele variant 180L
has been selected by providing protection against septic shock. Proc
Natl Acad Sci USA 2009, 106(25):10272-10277.

Khor CC, Chapman SJ, Vannberg FO, Dunne A, Murphy C, Ling EY,
Frodsham AJ, Walley AJ, Kyrieleis O, Khan A, et al: A Mal functional variant
is associated with protection against invasive pneumococcal disease,
bacteremia, malaria and tuberculosis. Nat Genet 2007, 39(4):523-528.
Hawn TR, Dunstan SJ, Thwaites GE, Simmons CP, Thuong NT, Lan NT,

Quy HT, Chau TT, Hieu NT, Rodrigues S, et al: A polymorphism in Toll-
interleukin 1 receptor domain containing adaptor protein is associated
with susceptibility to meningeal tuberculosis. J Infect Dis 2006,
194(8):1127-1134.

Ramasawmy R, Cunha-Neto E, Fae KC, Borba SC, Teixeira PC, Ferreira SC,
Goldberg AC, lanni B, Mady C, Kalil J: Heterozygosity for the S180L variant
of MAL/TIRAP, a gene expressing an adaptor protein in the Toll-like
receptor pathway, is associated with lower risk of developing chronic
Chagas cardiomyopathy. J Infect Dis 2009, 199(12):1838-1845.

Castiblanco J, Varela DC, Castano-Rodriguez N, Rojas-Villarraga A,

Hincapie ME, Anaya JM: TIRAP (MAL) S180L polymorphism is a common
protective factor against developing tuberculosis and systemic lupus
erythematosus. Infect Genet Evol 2008, 8(5):541-544.

American College of Chest Physicians/Society of Critical Care Medicine
Consensus Conference: definitions for sepsis and organ failure and
guidelines for the use of innovative therapies in sepsis. Crit Care Med
1992, 20(6):864-874.


http://www.biomedcentral.com/content/supplementary/1471-2350-11-168-S1.DOC
http://www.ncbi.nlm.nih.gov/pubmed/12663342?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12663342?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10793167?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17107992?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17107992?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17994220?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17994220?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17994220?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19271210?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19271210?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16399953?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16399953?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17414088?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17414088?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17414088?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17989163?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17989163?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17989163?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15741444?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15741444?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18950526?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18950526?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18950526?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8706481?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8706481?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11477402?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11477402?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18423196?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18423196?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18423196?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12447441?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12447441?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19509334?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19509334?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17322885?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17322885?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17322885?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16991088?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16991088?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16991088?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19456234?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19456234?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19456234?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19456234?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18417424?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18417424?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18417424?dopt=Abstract

Song et al. BMC Medical Genetics 2010, 11:168
http://www.biomedcentral.com/1471-2350/11/168

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

Bernard GR, Artigas A, Brigham KL, Carlet J, Falke K, Hudson L, Lamy M,
LeGall JR, Morris A, Spragg R: Report of the American-European
consensus conference on ARDS: definitions, mechanisms, relevant
outcomes and clinical trial coordination. The Consensus Committee.
Intensive Care Med 1994, 20(3):225-232.

Dellinger RP, Carlet JM, Masur H, Gerlach H, Calandra T, Cohen J, Gea-
Banacloche J, Keh D, Marshall JC, Parker MM, et al: Surviving Sepsis
Campaign guidelines for management of severe sepsis and septic
shock. Crit Care Med 2004, 32(3):858-873.

Xu 'S, Yin X, Li S, Jin W, Lou H, Yang L, Gong X, Wang H, Shen Y, Pan X,

et al: Genomic dissection of population substructure of Han Chinese and
its implication in association studies. Am J Hum Genet 2009, 85(6):762-774.
Chen J, Zheng H, Bei JX, Sun L, Jia WH, Li T, Zhang F, Seielstad M, Zeng YX,
Zhang X, et al: Genetic structure of the Han Chinese population revealed
by genome-wide SNP variation. Am J Hum Genet 2009, 85(6):775-785.

A haplotype map of the human genome. Nature 2005,
437(7063):1299-1320.

Bonfield JK, Rada C, Staden R: Automated detection of point mutations
using fluorescent sequence trace subtraction. Nucleic Acids Res 1998,
26(14):3404-3409.

Barrett JC, Fry B, Maller J, Daly MJ: Haploview: analysis and visualization of
LD and haplotype maps. Bioinformatics 2005, 21(2):263-265.

Gong MN, Bajwa EK, Thompson BT, Christiani DC: Body mass index is
associated with the development of acute respiratory distress syndrome.
Thorax 2010, 65(1):44-50.

Iribarren C, Jacobs DR Jr, Sidney S, Gross MD, Eisner MD: Cigarette
smoking, alcohol consumption, and risk of ARDS: a 15-year cohort study
in a managed care setting. Chest 2000, 117(1):163-168.

Sheu CC, Gong MN, Zhai R, Chen F, Bajwa EK, Clardy PF, Gallagher DC,
Thompson BT, Christiani DC: Clinical characteristics and outcomes of
sepsis-related vs non-sepsis-related ARDS. Chest 2010, 138(3):559-567.
Gabriel SB, Schaffner SF, Nguyen H, Moore JM, Roy J, Blumenstiel B,
Higgins J, DeFelice M, Lochner A, Faggart M, et al: The structure of
haplotype blocks in the human genome. Science 2002,
296(5576):2225-2229.

Purcell S, Neale B, Todd-Brown K, Thomas L, Ferreira MA, Bender D, Maller J,
Sklar P, de Bakker PI, Daly MJ, et al: PLINK: a tool set for whole-genome
association and population-based linkage analyses. Am J Hum Genet
2007, 81(3):559-575.

Wurfel MM, Gordon AC, Holden TD, Radella F, Strout J, Kajikawa O,

Ruzinski JT, Rona G, Black RA, Stratton S, et al: Toll-like receptor 1
polymorphisms affect innate immune responses and outcomes in
sepsis. Am J Respir Crit Care Med 2008, 178(7):710-720.

Schroder NW, Schumann RR: Single nucleotide polymorphisms of Toll-like
receptors and susceptibility to infectious disease. Lancet Infect Dis 2005,
5(3):156-164.

Jeyaseelan S, Manzer R, Young SK, Yamamoto M, Akira S, Mason RJ,
Worthen GS: Toll-IL-1 receptor domain-containing adaptor protein is
critical for early lung immune responses against Escherichia coli
lipopolysaccharide and viable Escherichia coli. J/ Immunol 2005,
175(11):7484-7495.

Oshiumi H, Sasai M, Shida K, Fujita T, Matsumoto M, Seya T: TIR-containing
adapter molecule (TICAM)-2, a bridging adapter recruiting to toll-like
receptor 4 TICAM-1 that induces interferon-beta. J Biol Chem 2003,
278(50):49751-49762.

Horng T, Barton GM, Flavell RA, Medzhitov R: The adaptor molecule TIRAP
provides signalling specificity for Toll-like receptors. Nature 2002,
420(6913):329-333.

Hamann L, Kumpf O, Schuring RP, Alpsoy E, Bedu-Addo G, Bienzle U,
Oskam L, Mockenhaupt FP, Schumann RR: Low frequency of the TIRAP
S180L polymorphism in Africa, and its potential role in malaria, sepsis,
and leprosy. BMC Med Genet 2009, 10:65.

Putnik M, Zhao C, Gustafsson JA, Dahlman-Wright K: Effects of two
common polymorphisms in the 3’ untranslated regions of estrogen
receptor beta on mRNA stability and translatability. BMC Genet 2009,
10:55.

Pre-publication history
The pre-publication history for this paper can be accessed here:
http://www.biomedcentral.com/1471-2350/11/168/prepub

Page 8 of 8

doi:10.1186/1471-2350-11-168

Cite this article as: Song et al.: Genetic variants in the TIRAP gene are
associated with increased risk of sepsis-associated acute lung injury.
BMC Medical Genetics 2010 11:168.

Submit your next manuscript to BioMed Central
and take full advantage of:

e Convenient online submission

* Thorough peer review

¢ No space constraints or color figure charges

¢ Immediate publication on acceptance

¢ Inclusion in PubMed, CAS, Scopus and Google Scholar

¢ Research which is freely available for redistribution

Submit your manuscript at
www.biomedcentral.com/submit

( BiolMed Central



http://www.ncbi.nlm.nih.gov/pubmed/8014293?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8014293?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8014293?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15090974?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15090974?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15090974?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19944404?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19944404?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19944401?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19944401?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9649626?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9649626?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15297300?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15297300?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19770169?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19770169?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10631215?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10631215?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10631215?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20507948?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20507948?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12029063?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12029063?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17701901?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17701901?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18635889?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18635889?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18635889?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15766650?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15766650?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16301656?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16301656?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16301656?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14519765?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14519765?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14519765?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12447442?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12447442?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19602285?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19602285?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19602285?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19754929?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19754929?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19754929?dopt=Abstract
http://www.biomedcentral.com/1471-2350/11/168/prepub

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Study enrollment and design
	SNP selection and genotyping
	Statistical analysis

	Results
	Characteristics of the study population
	Associations of the TIRAP gene SNPs with ALI risk
	Associations of the TIRAP gene haplotypes with ALI risk

	Discussion
	Conclusions
	Acknowledgements
	Author details
	Authors' contributions
	Competing interests
	References
	Pre-publication history

