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Abstract. The present study aimed to investigate whether
genetic polymorphisms in the Toll-like receptor (TLR)-4
and Toll/interleukin-1 receptor (TIR)-associated protein
(TIRAP) genes, and/or their expression levels, influence the
susceptibility of a patient to sepsis. A total of 106 patients
with sepsis were divided into two groups on the basis of their
acute physiology and chronic health evaluation (APACHE) 11
scores: 1) Sepsis group A (APACHE II <20) and ii) Sepsis
group B (APACHE II >20). In addition, 100 healthy volun-
teers were enrolled into the control group. Polymerase chain
reaction-restriction fragment length polymorphism assay was
used to detect the following genetic polymorphisms: The
Ser180Leu allele of the TIRAP gene and the Asp299Gly and
Thr39911e alleles of the TLR4 gene. Furthermore, the protein
expression levels of TLR4 and TIRAP were analyzed using an
enzyme-linked immunosorbent assay. Genetic polymorphisms
were not detected for the TLR4 and TIRAP genes; however,
the protein expression levels of TLR4 and TIRAP differed
significantly between the control, sepsis A and sepsis B groups
(P<0.01). An APACHE II score of 20 was used as a baseline in
order to differentiate sepsis severity. Pearson analysis demon-
strated that TLR4 and TIRAP protein expression levels were
positively correlated with sepsis severity (r=0.931 and 0.972;
P<0.05), and TLR4 protein expression levels were positively
correlated with those of TIRAP (r=0.936; P<0.05). The results
of the present study suggested that the protein expression
levels of, but not genetic polymorphisms in, TLR4 and TIRAP
were associated with the severity of sepsis.
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Introduction

Systemic inflammatory response syndrome (SIRS), which
occurs following systemic infection (sepsis), burns, shock and
major surgery, is a type of cytokine storm, in which there is
an abnormal upregulation of various cytokines (1). SIRS may
lead to septic shock, multiple organ dysfunction syndrome
(MODS) and an increased risk of mortality (1,2). A prospective
multicenter analysis of intensive care units (ICU) was previ-
ously conducted to assess the epidemiology of sepsis, which
demonstrated that the incidence and mortality rates of sepsis
were high, and that the annual cost of hospital care for patients
with sepsis was expensive (3,4). The incidence of sepsis has
been shown to be affected by numerous factors, which involve
disruption of inflammatory and immune responses (1,2,5).

The Toll-like receptor (TLR) family has an important role
in the immune response, and recognizes pathogen-associated
molecular patterns (PAMPs) in order to activate inflammatory
signaling pathways (6,7). Lipopolysaccharide (LPS), which is
released by gram-negative bacteria and is a type of PAMP, is
recognized by TLR4, which subsequently initiates a signaling
cascade that leads to the upregulation of specific cytokines
that have previously been associated with the occurrence and
development of sepsis (7-9). Previous studies reported that the
risk of sepsis, and its mortality rate, was higher in European
populations, as compared with other regional populations (7,8).
Single nucleotide polymorphisms (SNPs) have been shown to
affect the development of immune and inflammatory reac-
tions (7-10), and there is an issue regarding the significance
and distribution of TLR4 genetic polymorphisms among
various ethnicities (7,8,10).

In order to investigate whether TLR4 and Toll/inter-
leukin-1 receptor (TIR)-associated protein (TIRAP) genetic
polymorphisms, and/or their expression levels, influence the
susceptibility of an individual to sepsis, the present study
analyzed the sequences and expression levels of TLR4 and
TIRAP in 106 patients from the ICU of our hospital. In partic-
ular, the following genetic polymorphisms were analyzed: The
Ser180Leu allele of the TIRAP gene, and the Asp299Gly and
Thr39911e alleles of the TLR4 gene.
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Materials and methods

Subjects. A total of 106 patients with sepsis were enrolled in
the present study. The patients were admitted to the medical
ICU between October 2012 and May 2013. At the time of
enrollment, the acute physiology and chronic health evalua-
tion (APACHE 1I) scores were recorded for each patient (11).
On the basis of the APACHE II scores, all patients were
divided into either sepsis group A (APACHE II score <20;
male, 43; female, 37) or sepsis group B (APACHE II score
>20; male, 14; female, 12). The ratio of male to female
participants was 1.5 to 1, and the mean age was 60-years-old
(range, 44-80 years). All patients satisfied the diagnostic
criteria of the International Sepsis Conference of Washington,
December 2001 (12). In addition, 100 healthy individuals,
including 58 males and 42 females (age range, 40-75 years),
from the Medical Examination Center in our hospital were
enrolled in a control group. All individuals in the control group
were without disease or a history of recent infection. There
were no significant differences in age and gender between the
sepsis groups and the control group. The present study was
conducted in accordance with the Declaration of Helsinki, and
with approval from the Ethics Committee of Inner Mongolia
Medical University (Baotou, China). Written informed consent
was obtained from all participants.

Collection of specimens. Venous blood samples (4 ml) were
collected from all patients, and 2 ml blood was added to
anticoagulant tubes containing 2% ethylenediaminetetraacetic
acid, which were subsequently stored at -80°C. Another 2 ml
blood was centrifuged at 685 x g for 5-7 min, and the separated
serum was stored in tubes at -80°C. The storage method used
was the gradient temperature-reduction method (13).

Extraction of genomic DNA and polymerase chain reaction
(PCR). Genomic DNA samples were extracted from periph-
eral blood samples using the Blood Gen Mini kit (Beijing
ComWin Biotech, Co., Ltd., Beijing, China), according to
the manufacturer's protocol. The TIRAP (Ser180Leu) and
TLR4 (Asp199Gly, Thr399I1e) genes were amplified using
the Veriti™ 96 PCR Amplifier (Applied Biosystems; Thermo
Fisher Scientific, Inc., Waltham, MA, USA), in which the
primers used were as follows: TLR4 (Asp299Gly) forward,
5"-ATACTTAGACTACTACCTCCATG-3' and reverse,
S"TTGTTGGAAGTGAAAGTAAG-3"; TLR4 (Thr39911e)
forward, 5"TGTTATCAAAGTGATTTTGGGAGAA-3' and
reverse, 5S'-AGGTAAATGAGGTTTCTGAGTGATAGG-3";
and TIRAP/MyD88-adaptor-like (Mal) (Ser180Leu): forward,
5-AGTGCTGTACCATCGACCTGCTG-3" and reverse
S'"TTCCCCTTCTCCCTCCTGTAGTAG-3'. All primers
were synthesized by Sangon Biotech Co. Ltd. (Shanghai,
China). Each amplification reaction was conducted in a total
volume of 50 ul reaction mixture, including 16 ul genomic
DNA, 2 ul forward primer and 2 ul reverse primer, 25 ul Taq
2X PCR Master Mix (Beijing Tiangen Biotech, Co., Ltd.,
Beijing, China) and 5 ul nuclease-free water. Following initial
denaturation at 94°C for 3 min, the genomic DNA was ampli-
fied by 35 cycles of PCR (94°C for 30 sec, 58°C for 45 sec,
and 72°C for 1 min), which was followed by a final 5 min
extension at 72°C.
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The PCR products (30 pul) were separated by 2% agarose
gel electrophoresis, and were visualized by staining with
0.5 pg/ml ethidium bromide (Thermo Fisher Scientific, Inc.)
in an Electrophoresis Meter (100 V; 50 A; 30 min; Wide
Mini-Sub® Cell GT; Bio-Rad Laboratories, Inc., Hercules, CA,
USA). Images were then captured under ultraviolet (UV) light.
DNA Marker I (Beijing ComWin Biotech, Co., Ltd.) was used
as a standard. Subsequently, the PCR products were purified
using the Midi Purification kit (Beijing Tiangen Biotech, Co.,
Ltd.).

Restriction fragment length polymorphism (RFLP). Purified
Asp299Gly (TLR4), Thr399Ile (TLR4) and Serl80Leu
(TIRAP) alleles were digested using the restriction enzymes
Ncol, Hinfl and Eaml11051, respectively (Thermo Fisher
Scientific, Inc.). The enzyme digestion reaction mixture
consisted of 2 ul 10X FastDigest Green Buffer (Thermo
Fisher Scientific, Inc.), 2 ul restriction enzyme (Ncol, Hinfl
or Eam11051), 10 ul PCR products and 6 ul nuclease-free
water. The reaction occurred at 37°C for 5 min, after which the
genotypes were separated by 2% agarose gel electrophoresis
(labclinics, Barcelona, Spain), and visualized using ethidium
bromide staining, UV illumination and image capturing. DNA
Marker 20 (Takara Bio, Inc., Otsu, Japan) was used as an
internal standard.

PCR products (20 pl) prior to enzyme digestion and
10 pul each of the forward and reverse primers for TLR4
(Asp299Gly, Thr39911e) and TIRAP (Serl80Leu) were
sequenced by the Beijing Genomics Institute (BGI;
Beijing, China). Sequencing results were investigated using
Chromas 2.31 software (Technelysium, Pty Ltd., South
Brisbane, Australia). TA repeat sequences upstream of the
A(TA)nTAA polymorphism in the promoter region of the
UDP glucuronosyltransferase 1 family gene were analyzed
using CLC Sequence Viewer software (version 4.6.1; CLC bio,
Waltham, MA, USA) to conduct sequence alignments with
template sequences in the GenBank database (Human TLR4,
NC_000009; Human TIRAP, NC_000011; http:/www.ncbi.
nlm.nih.gov/genbank/).

Enzyme-linked immunosorbent assay (ELISA). The protein
expression levels of TLR4 and TIRAP in peripheral blood
samples were detected using the Human TLR4 and TIRAP
ELISA kits (R&D Systems, Inc., Minneapolis, MN, USA),
in accordance with the manufacturer's protocol (Thermo
Scientific Multiskan MK 3; Thermo Fisher Scientific, Inc.).

Statistical analysis. Statistical analyses were conducted
using the statistical SPSS17.0 software package (SPSS, Inc.,
Chicago, IL, USA). Quantitative variables were expressed as
the mean + standard deviation. Comparisons of continuous
variables between two groups were conducted using one-way
analysis of variance (ANOVA) for parameters with a normal
distribution, and the rank-sum test for parameters with an
abnormal distribution. Three-way ANOVA was used in order
to compare differences among the three groups. In addition, the
genetic frequencies test was used to assess the Hardy-Weinberg
equilibrium. Differences in genotype distributions among the
groups were analyzed using the y? test. P<0.05 was considered
to indicate a statistically significant difference.
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Figure 1. (A) Electrophoresis of polymerase chain reaction (PCR) products. Lane 1, DNA Marker I (100, 200, 300, 400, 500 and 600 bp, from top-to-bottom);
lane 2, positive control; lanes 3, 6,9 and 12, Asp299Gly (TLR4) gene (218 bp); lanes 4, 7, 10 and 13, Thr3991le (TLR4) gene (405 bp); lanes 5, 8, 11 and 14,
Ser180Leu (TIRAP/Mal) gene (161 bp). (B) Electrophoresis of purified PCR products. Lane M, DNA Marker 20 (200, 300,400 and 500 bp, from top-to-bottom);
lanes 1,4 and 7, Asp299Gly (TLR4) gene (218 bp); lanes 2, 5 and 8 Thr3991le (TLR4) gene (405 bp); lanes 3, 6 and 9 Ser180Leu (TIRAP/Mal) gene (161 bp).
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Figure 2. Electrophoresis of polymerase chain reaction products following digestion with restriction enzymes. (A) Toll-like receptor (TLR)4 Asp299Gly allele
digested with the Ncol restriction enzyme; (B) TLR4 Thr3991le allele digested with the Hindl restriction enzyme; and (C) Toll/interleukin-1 receptor-associ-
ated protein Serl80Leu allele digested with the Eam1105I restriction enzyme. Lane M, DNA Marker I (20, 80, 100, 200, 400 and 600 bp, from top-to-bottom).

Lanes 1-8 correspond to the numbers of the samples.

Results

PCR products. The PCR products were separated by agarose
gel electrophoresis, and were visualized by staining with
ethidium bromide under UV light. (Fig. 1). Each band on the
electrophoretogram represents a single PCR product, including
TLR4 (Asp299Gly; 218 bp), TLR4 (Thr39911e; 405 bp) and
TIRAP (Ser180Leu; 161 bp).

Confirmation of enzyme digestion. Purified PCR products
were digested using restriction enzymes and were separated
by agarose gel electrophoresis (Fig. 2). A single band corre-
sponding to the TLR4 Asp299Gly allele occurred at 218 bp
following digestion by the Ncol restriction enzyme; thus indi-
cating the presence of the Asp/Asp genotype only (Fig. 2A).
In addition, a single band corresponding to the TLR4
Thr39911e allele occurred at 405 bp following digestion by
the Hind]I restriction enzyme; thus indicating the presence of
the Thr/Thr genotype only (Fig. 2B). Furthermore, a single
band corresponding to the TIRAP Serl80Leu allele occurred

at 161 bp following digestion by the Eam1105I restriction
enzyme, which suggested that only the Ser/Ser genotype was
present (Fig. 2C). These results indicated that the purified
TLR4 and TIRAP genes were not digested by the restriction
enzymes; thus suggesting that there were no genetic polymor-
phisms in the TLR4 and TIRAP genes in the sepsis groups, as
compared with the control group.

Gene sequencing. Following enzyme digestion, all PCR prod-
ucts were sequenced by the BGI, which confirmed the gene
sequences and mutations (Fig. 3). Sequencing results demon-
strated that the three gene maps were almost identical to the
template sequences in Genbank. Using the Chromas 2.31
software, sequence alignments of ten samples demonstrated
that there were no mutations in the TLR4 (Asp299Gly,
Thr39911e) and TIRAP (Serl80Leu) genes in the sepsis group,
as compared with the control group (Figs. 4,5 and 6).

TLR4 and TIRAP protein expression levels. TLR4 and TIRAP
protein expression levels were significantly different between
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Figure 3. Representative sequence diagram of the Toll-like receptor 4 (A) Asp299Gly and (B) Thr3991le alleles, and the (C) Toll/interleukin-1 receptor-asso-

ciated protein Ser180Leu gene.

Table I. Protein expression levels of TLR4 and TIRAP (ng/ml; n=206).

Sepsis group A Sepsis group B
Control group (APACHE I1=<20) (APACHE I1>20) F value P-value
TLR4 0.886+0.058*° 2.253+0.379¢ 4.494+0.709 116.550 <0.001
TIRAP 5.216+0.410*° 9.540+2.294¢ 19.206+1.755 94.950 <0.001

1P<0.01, control group vs. sepsis group A; °P<0.01, control group vs. sepsis group B; °P<0.01, sepsis group A vs. sepsis group B. The three
groups were compared using Fisher's least significant difference method; P<0.001 indicates that there were significant differences among the
three groups. TLR4, Toll-like receptor 4; TIRAP, Toll/interleukin-1 receptor-associated protein; APACHEII, acute physiology and chronic

health evaluation score.

the control, sepsis A and sepsis B groups (TLR4: F=116.550,
P<0.01; TIRAP: F=94.950, P<0.01; Table I).

An APACHE II score of 20 was used as a baseline in order
to differentiate sepsis severity. Pearson analysis demonstrated
that TLR4 and TIRAP protein expression levels were posi-
tively correlated with sepsis severity (TLR4: r=0.931, P<0.05;
TIRAP: r=0.972, P<0.05; Table I). Furthermore, the TLR4
protein expression levels were positively correlated with the
TIRAP protein expression levels (r=0.936; P<0.05; Table I).

Discussion

SNPs are the most common type of human genetic variant,
accounting for 2-3 cm of the human genome, and occurring
at a higher density than microsatellites (14). In addition, SNPs
that exhibit a high genetic stability may directly affect protein
expression or structure and therefore underlie numerous
genetic disorders (~30% SNPs have been associated with
disease) (15). Furthermore, SNPs have previously been associ-
ated with the metabolism of numerous drugs. Therefore, the

analysis of SNPs has been widespread in biomedical research
and drug development (15).

In previous studies, specific genetic polymorphisms have
been associated with the susceptibility to, and clinical features
and prognosis of, sepsis (9,16). In addition, it has been suggested
that genetic variation may influence sepsis development and
increase the risk of MODS during severe infections (16).
Furthermore, TLR-mediated signaling pathways have a critical
role in the mechanisms underlying the development of sepsis,
and alterations in TLR gene structures have previously been
associated with susceptibility to sepsis and sepsis severity (17).

The majority of sepsis cases (>50%) are caused by
gram-negative bacteria, which are predominantly recognized
by TLR4 (18). Previous studies reported that C3H/HeJ TLR4
gene knock-out mice exhibited low sensitivity to LPS (19,20).
In addition, Hagberg et al (21) reported that C3H/HeJ mice
exhibited significantly increased susceptibility to gram-nega-
tive bacteria in an experimental model of urinary tract
infections. However, TLR4 variation was not associated with
the development of organ injury or cellular stress responses in
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Figure 4. Sequencing results of the Toll-like receptor (TLR)4 (Asp299Gly) gene using Chromas 2.31 software. TLR4-04 and -05 correspond to sequences from
the control group, whereas all others correspond to sequences from the sepsis groups.

severe sepsis. Therefore, there exists a controversy regarding  substitution mutations (22). Arbour et al (23) demonstrated that
the effects of TLR4 genetic polymorphisms on the suscepti-  the Asp299Gly mutation was able to interrupt TLR4-mediated
bility to and development of sepsis. LPS signaling, whereas Schroder and Schumann (24) were

Various mutations in the extracellular domain of TLR4  unable to identify a direct correlation between Asp299Gly
have been identified, including Asp299Gly and Thr399Ile  genetic polymorphisms and susceptibility to infections



136 ZHANG et al: EFFECTS OF TLR4 AND TIRAP GENETIC POLYMORPHISMS AND EXPRESSION ON SEPSIS

b2
=1

TLR4-399-1
TLR4-399-2
TLR4-399-05
TLR4—399 -3

0
] QG’G 000000

TLR4-399-2

Conservation

TLR4-399-1
TLR4-399-2
4-399-05
TLR4-399-3
TLR4-399-4
TLR4-399-7
TLR4- 3‘)9 10
TLR4-

TLR4-399-1
TLR4-399-2
LR: 05

TI/R4-399-
TI.R4-399-7
TLR4-399-10
TLR4-399-04
TLR4-399-19

TLR4-399-1
TLR4-399-2

TLR4-300-4
TI.R4-399-7

TLR4-399-1
TLR4-399-2

48
IAFIALL

o

Figure 5. Sequencing results of the Toll-like receptor (TLR)4 (Thr39911e) gene using Chromas 2.31 software. TLR4-04 and -05 correspond to sequences from
the control group, whereas all others correspond to sequences from the sepsis groups.

caused by gram-negative bacteria. It is possible that the
Asp299Gly and Thr39911e alleles exhibit co-segregation,
including the wild-type/wild-type, Asp299Gly/wide-type,
Thr3991I1e/wide-type and Asp299Gly/Thr39911e haplotypes.
A previous study demonstrated that the Asp299Gly/wild-type

haplotype was associated with increased LPS-induced release
of tumor necrosis factor (TNF)-a (25); however, there was no
significant difference between the other haplotypes and the
release of TNF-o. In addition, as the Asp299Gly/wild-type
polymorphism is uncommon in the human population, there
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Figure 6. Sequencing results of the Toll/interleukin-1 receptor-associated protein (TIRAP) Ser180Leu allele using Chromas 2.31 software. TIRAP-04 and -05
correspond to the control group, whereas all others correspond to sequences from the sepsis groups.

is no confidence that the association between this haplotype
and susceptibility to gram-negative bacteria is relevant to
humans (25).

The incidence and development of sepsis may be asso-
ciated with polygenic polymorphisms. The present study
enrolled 106 patients previously diagnosed with sepsis, and

sequenced the Asp299Gly and Thr39911e alleles of TLR4;
however, mutations in these alleles were not identified.
These results are consistent with a previous study which
reported that the Asp299Gly allele was associated with
sepsis in the European population, but not in the Asian
population, and that the Asp299Gly and Thr399I1e TLR4
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genetic polymorphisms are uncommon in the Asian popu-
lation (25). In addition, Okayama et al (26) were unable to
detect the Asp299Gly allele of the TLR4 gene in specimens
from Japanese patients, and Lin ef al (27) analyzed DNA
samples from healthy individuals and patients with shock
in the Chinese Han population, and were unable to identify
Asp299Gly polymorphisms.

TLR-mediated signaling involves at least four intracellular
signaling adaptor molecules, including TIRAP, which is also
known as Mal (28). TIRAP/Mal acts as a bridging adaptor,
which has an important role in downstream inflammatory
responses mediated by TLR2 and TLR4 (29). In addition, genetic
polymorphisms in TIRAP/Mal have been shown to affect the
incidence and development of diseases (30). Kumpf et al (30)
suggested that the TIRAP Ser180Leu (rs8177374) allele may
increase susceptibility to infections. Furthermore, previous
studies reported that TIRAP (rs8177374 and rs7932766)
polymorphisms may influence the production of inflammatory
cytokines and have important consequences for the suscepti-
bility to and severity of infections (31). However, the present
study was unable to identify the rs8177374 polymorphism,
which was consistent with previous studies that demonstrated
that the frequencies of the rs8177374 and rs7932766 alleles
were higher in European populations, as compared with Asian
populations, and were in fact rarely detected in Asian popula-
tions (31,32).

TLR4 and TIRAP have important roles in TLR-mediated
inflammatory signaling pathways in severe immune
responses (33). In addition, alterations in the expression levels
of TLR4 and TIRAP have previously been associated with
the extent of inflammatory reactions (33). Tsujimoto et al (34)
reported that the serum TLR4 protein expression levels
increased following infection of patients with pathogens, and
that the protein expression levels of TLR4 increased markedly
in patients with sepsis. Numerous studies have previously
demonstrated that the severity of acute lung injury was depen-
dent on systemic inflammatory reactions (35,36). As TIRAP
activates intracellular signaling pathways via TLR-mediated
recognition of various types of pathogen, the TIRAP adaptor
protein has an integral role in the development of acute lung
injury. TIRAP is essential for MyD88-dependent signaling
downstream of TLR2 and TLR4 (its expression was shown to
increase following stimulation of TLR2 and TLR4), initiating
a signaling cascade that culminates in the nuclear localization
of nuclear factor-kB and the activation of the pro-inflamma-
tory response (37).

In the present study, the protein expression levels of TLR4
and TIRAP were significantly different among the control
group, sepsis group A (APACHE I1<20) and sepsis group B
(APACHE 11=20). An APACHE II score of 20 was used as a
baseline in order to differentiate sepsis severity, and Pearson
analysis demonstrated that the protein expression levels of
TLR4 and TIRAP were positively correlated with sepsis
severity. In addition, the TLR4 protein expression levels were
positively correlated with the TIRAP protein expression
levels. These results suggested that the inflammatory response
and severity of sepsis were associated with serum TLR4 and
TIRAP protein expression levels.

The present study was unable to detect specific poly-
morphisms in the TIRAP (Serl80Leu) and TLR4 genes
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(Asp299Gly, Thr399I1e), which may have been associated
with susceptibility to sepsis and sepsis severity. However, the
protein expression levels of TLR4 and TIRAP in peripheral
blood samples were positively correlated with sepsis severity,
and were shown to have synergistic effects. It is possible that
other previously described polymorphisms in the TLR4 and
TIRAP genes may be associated with susceptibility to sepsis,
and these should be the focus of future studies.
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