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Introduction

Sepsis is a systemic inflammatory reaction
caused by infection. It is a common complication
caused by trauma, burns, postoperative infection
and critical disease(1), which may lead to severe
sepsis, septic shock, multiple organ injury and
other diseases(2). Statistical data showed that the
incidence of sepsis in China is increasing rapidly,
at a rate of nearly 1.2% per year(3). Therefore, it is
of great practical significance to strengthen
research into the pathogenesis of sepsis (4).
However, as a systemic inflammatory response
caused by infection, the mechanism of sepsis is
still unclear.

It has been shown that the research on sepsis
is divided into three main stages(5): the priming
stage based on inflammatory reaction, in which
many factors that induce inflammatory reaction,
such as bacterial infection, virus infection, etc. are
studied(6); the study of inflammatory-related cells
and viscosity factors(7); and the study of genes
associated with the inflammatory response.
Increasing evidence indicates that the Toll-like
receptor (TLR) signalling pathway, as an impor-
tant signalling pathway related to the body's
immune response, is involved in the identification
of pathogens and in mediating the inflammatory
response before initiating the immune response
and many other immune response mechanisms(8, 9).
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ABSTRACT

Objective: To explore the correlation between the interleukin-1 receptor-associated kinase M (IRAK-M) gene mediated by
the Toll-like receptor (TLR) signalling pathway and sepsis.

Methods: In this study, 68 patients with sepsis treated in our hospital from February 2014 to February 2015 were selected
as the study objects (observation group), and 68 normal individuals were selected as the control group. The relationship between
IRAK-M gene mediation by the TLR signalling pathway and sepsis was studied by fluorescence quantitative PCR, enzyme-linked
immunosorbent assay (ELISA), Western blotting and immunohistochemistry.

Results: The mRNA expression levels of TLRs and IRAK-M in blood of patients with sepsis were remarkably increased, with
significant differences compared to the normal group (P<0.05). The protein expression levels of TLRs and IRAK-M in the blood of
the observation group and control group were detected by ELISA and Western blotting. This study found that the expression of
TLRs and the IRAK-M protein in the blood of patients from the observation group (0.96 μg/L, 7.3 μg/L) was significantly higher
than in the control group (0.32 μg/L, 0.54 μg/L) and there was a significant difference between the two groups (P<0.05). The
immunohistochemical results of the observation group and the control group showed that expression of the IRAK-M gene in the
pathological site of the patients in the observation group was significantly increased; the number of positive cells (94.3%) was
significantly higher than that in the control group (18.4%) (P<0.05).

Conclusion: The IRAK-M gene may be involved in the pathogenesis of sepsis in severely burned patients through the TLR
signalling pathway.

Keywords: TLR signalling pathway, IRAK-M gene, sepsis, diagnosis.

DOI: 10.19193/0393-6384_2018_6_278



As a kind of interleukin-1 receptor-associated
kinase, IRAK-M is also involved in the immune
response to external stimuli(10). However, there are
few reports on the relationship between IRAK-M
mediation by the TLR signalling pathway and sep-
sis. In this study, we studied the correlation
between IRAK-M mediation by the TLR sig-
nalling pathway and sepsis for the first time in
order to reveal the relationship between them and
to provide a theoretical and experimental basis for
the further diagnosis and treatment of sepsis.

Materials and methods

General information 
In this study, 68 patients with sepsis admitted

to our hospital from February 2014 to February
2015 were selected as the observation group,
including 47 males and 21 females, with an aver-
age age of 29.7±18.6 years. Sixty-eight normal
individuals were selected as the control group at
the same time, and included 34 males and 34
females, with an average age of 28.4±18.3 years.
Venous blood (5 mL) was extracted from the
observation group and the control group on an
empty stomach. After centrifugation at 5000 rpm,
the supernatants of both groups were stored at -
80℃ for further experiments. Meanwhile, the
pathological skin tissues of the patients with sep-
sis and normal skin tissues were sampled for
immunohistochemistry. The subjects in the study
were not allergic to antibiotics, etc. The procedure
was accepted by the patients and their family and
approved by the ethics committee.

Methods 
The common molecular reagents, RNA

extraction kit and reverse transcription kit used in
this study were purchased from Takara Biomedical
Technology Co.,  Ltd. (Dalian, China);
Immunohistochemical kits were purchased from
QIAGEN (Germany) and ELISA kits were pur-
chased from Tiangen Biotechnology Co., Ltd.
(Beijing).

Fluorescent quantitative reverse transcript-
PCR (qRT-PCR)

Total RNA extraction
Approximately 0.3 g of the research samples

were removed from -80℃ storage and quickly
melted on the prepared ice. After thawing of the
samples, 0.35 mL of RNA plus (TAKARA) was

added, and the mixture was blended quickly and
vigorously. Then, 0.25 mL of RNA plus and 200
μL of chloroform was added, shaken quickly for
15 seconds, and left to stand for 15 minutes at
room temperature. The slurry was centrifuged at
12000 rpm for 15 min at 4℃ and the supernatants
were removed into the RNase-free EP tube. The
same amount of isopropanol was added, and the
mixture was quickly blended, and then left to
stand for 10 minutes at room temperature. The
slurry was centrifuged at 12000 rpm for 10 min at
4℃ and the supernatants were discarded. Then,
1000 μL of 75% ethanol was added, mixed gently
and centrifuged at 12000 rpm for 10 min at 4℃.
The supernatant was discard and as much residual
ethanol as possible was removed. The quality of
the extracted RNA was determined by adding
proper amount of RNase-free water, and the rest
was used for the qRT-PCR assay.

qRT-PCR
The fluorescent quantitative reverse tran-

scription kit used in the study was purchased from
TAKARA; the related operations were performed
according to the manufacturer’s protocol. The flu-
orescence quantitative reaction system was as fol-
lows: 5 μL of SYBR Premix Ex Taq II (2×), 0.5
μL of forward primer (10 μM), 0.5 μL of reverse
primer (10 μM), 1 μL of cDNA, and 3 μL of
dH2O. The gene-specific primer sequences for
qRT-PCR analyses are shown in Table 1.

Enzyme-linked immunosorbent assay
(ELISA) 

The total protein extracted from the samples
of the experimental group and the control group
was used as the research object. The expression of
NF-Kb and STAT3 in different samples was deter-
mined by ELISA, and the operation was carried
out according to the instructions supplied with the
ELISA kit (QIAGEN, German).
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Primer Sequence

TLR-F AGTCGTGCTGATGCTACG

TLR-R CGTAGCTGATCGCGATCGAC

IRAK-M-F TGCTAGCTCGCGTACGTCAGC

IRAK-M-R CGATCGTAGCCCGTACG

GAPDH-F TGACTTCAACAGCGACACCCA

GAPDH-R CACCCTGTTGCTGTAGCCAAA

Table 1: Primers for qRT-PCR.



In the study, the standard curve was made
with reference to the ELISA standard curve step;
that is, the protein samples were diluted in Elution
Buffer at a 1:100 dilution; after obtaining different
concentrations of diluents, standard curves were
made according to the manufacturer’s instructions.
The study samples of the observation group and
the control group were diluted with sterilised PBS
(pH 7.2) at a dilution of 1:200 dilution and 100 μL
of the test sample was added to the 96-well plate.
Then, 50 μL of detection solution was added to
each well, and after incubating at room tempera-
ture for 2 hours, the TMB chromogenic substrate
was added. The absorbance was measured at 495
nm, and the expression levels and concentrations
of NF-Kb and STAT3 were calculated according to
the standard curve.

Immunohistochemical analysis
The tissues of the experimental and control

groups were selected and an aliquot of 10%
formaldehyde was added as the immobilisation
treatment, before embedding samples in paraffin
“Molecular cloning: A laboratory manual. The
third edition”. 

• The thickness of each paraffin slice was
about 4μm; the prepared slice was fixed onto the
glass slide and baked at 70℃ for 1 h.

• After dewaxing with xylene, the sample was
eluted with anhydrous alcohol, washed with ultra-
pure water to remove residual alcohol, and finally
washed with PBS (pH7.2) 5 times for 5 minutes
each time. Then, samples were placed in the auto-
clave at 121℃ for 2 min; after cooling, the sam-
ples were placed in PBS solution at room tempera-
ture for 30 min.

• After evaporation of the PBS solution, 50
μL peroxidase blocker was added to the above
slices at 37℃ for about 10 minutes, and then
washed with PBS solution 5 times for 5 minutes
each. Then, the PBS solution was removed and 45
μL of the non-immune animal serum was added
before incubating at room temperature for 10 min.

• The primary antibody was added to the
above slices and incubated at room temperature
for about 2 hours (or 4℃ overnight), before being
washed with PBS solution 5 times for 5 minutes
each.

• Next, 50μl of streptomycin was added to
the above slices and incubated at 37℃ for 2 h;
samples were then washed with PBS solution 5
times for 5 minutes each.

• Then, 100 μL of chromogenic solution A
was added and the slices were observed under a
microscope.

• Slices were washed with distilled water
after 10 min and re-stained with haematoxylin for
5 min, before being washed again. Samples were
dehydrated and dried with anhydrous alcohol, and
sealed with neutral gum.

Western blotting assay
The extraction of total protein from experi-

mental samples stored at -80℃ was performed as
follows: amounts of 150mg of tissue samples were
taken from the -80℃ storage; these were ground
in a mortar containing liquid nitrogen and collect-
ed into 1.5mL EP tubes. To this, 300 μL of protein
extract and 10μL of protease inhibitor was added.
After incubating in ice water for 30 min, the mix-
ture was centrifuged at 12000 r/min for 15 min
and the supernatant was collected and analysed.
The detection of protein expression levels by
Western blotting: after 10 μL of supernatant and
sample buffer was mixed, SDS-PAGE elec-
trophoresis was performed, and then the mem-
brane was routinely transferred. After blocking for
1 hour at room temperature, they were incubated
with DDR1 antibody at a 1:250 dilution at 4℃
overnight, and then incubated with the secondary
antibody labelled with horseradish peroxidase at a
1:250 dilution; the mixture was shaken at room
temperature for 1 h. After 3 membrane washes,
diaminobenzidine was used for colour develop-
ment and the Fluorchem 9900 imaging system was
used for photographing. The relative protein con-
tent of DDR1 was calculated by measuring the
integral optical density of each protein band.

Data processing
The experimental data were processed by

SPSS 20.0 statistical software and expressed in the
form of mean±standard deviation (x±s). Data
analysis between different groups was carried out
by the single factor analysis method. P<0.05 rep-
resents a significant difference.

Results

The transcriptional level of TLR and IRAK-
M in the observation and control groups

Total RNAs were extracted from normal and
septic samples. The relative expression of TLRs
and IRAK-M mRNA was determined by fluores-
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cence quantitative PCR. As shown in Fig. 1, the
results of RNA extraction showed that the RNA
had three distinct bands; the brightness of the 28S
band was about twice that of the 18S band, which
indicated that the extracted RNA can be used in
further quantitative experiments. The fluorescence
quantitative PCR results are shown in Fig. 2.

It can be seen from Fig. 2a that the transcrip-
tional level of TLR in patients with sepsis was sig-
nificantly higher than in the normal control group
and that there was a significant difference between
the two groups (P<0.05). Fig. 2b shows the rela-
tive expression level of IRAK-M mRNA in the
normal group and in patients with sepsis. As
shown in Fig. 2b, the relative expression of IRAK-
M gene mRNA in sepsis patients is significantly
higher than that in the normal control group, with
a significant difference between the two groups
(P<0.05).

Detection of TLRs and IRAK-M protein
expression levels in the observation and control
groups by ELISA 

The total protein was extracted from the con-

trol and observation groups. The protein expres-
sion level of TLRs and IRAK-M was determined
by ELISA and the results are shown in Fig. 3. It
can be seen from Fig. 3a that the protein expres-
sion level of TLR in patients with sepsis (0.96
μg/L) was significantly higher than that in the nor-
mal control group (0.32 μg/L), with a significant
difference between the two groups (P<0.05). Fig.
3b showed the relative expression level of the
IRAK-M protein in the normal group and in
patients with sepsis. As shown in Fig. 3b, the rela-
tive expression level of the IRAK-M protein in
sepsis patients (7.3 μg/L) is significantly higher
than that in the normal control group (0.54 μg/L),
with a significant difference between the two
groups (P<0.05).

Detection of TLRs and IRAK-M protein
expression level in the observation and control
groups by Western blotting assay 

The total protein was extracted from the tis-
sue samples of the normal individuals and patients
with sepsis using the animal cell total protein
extraction kit. The protein expression level of
TLRs and IRAK-M was determined by western
blotting; the results are shown in Fig. 4.
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Fig. 1: Electropherogram of RNA extraction from diffe-
rent tissues. C1 and C2 represent RNA extracted from
the control group; S1, S2 and S3 represent RNA extrac-
ted from the pathological tissues of the observation
group.

Fig. 2: The expression level of TLR and IRAK-M gene
mRNA in the observation group and control group. a:
mRNA expression level of the TLR gene; b: mRNA
expression level of the IRAK-M gene. Asterisks (*) indi-
cate significant difference between two groups (P<0.05).

Fig. 3: The expression levels of TLR and IRAK-M pro-
teins in the observation and control groups. a: TLR pro-
tein expression levels; b: IRAK-M protein expression
levels. Asterisks (*) indicate significant difference
between two groups (P<0.05).

Fig. 4: The expression level of the TLR and IRAK-M
proteins in the observation and control groups. a: TLR
protein expression level; b: IRAK-M protein expression
level. Asterisks (*) indicate significant difference
between two groups (P<0.05).



It can be seen from Fig. 4a that the expres-
sion levels of TLR and IRAK-M proteins in
patients with sepsis was significantly higher than
that in the normal control group. The quantitative
results in Fig. 4b also showed that the expression
level of the TLR and IRAK-M proteins in patients
with sepsis was higher than that in normal subjects
(P<0.05).

Immunohistochemical results of the IRAK-
M gene in the observation and control groups

In the immunohistochemical experiment, we
selected the pathological tissues of patients with
sepsis, normal tissues of patients with sepsis and
normal skin tissues of normal individuals as the
research objects; the expression level of IRAK-M
was measured. 

As shown in Fig. 5a, the expression level of
IRAK-M was the highest in sepsis tissues, fol-
lowed by in the normal skin tissues of septic
patients, while it was the lowest in normal skin tis-
sues. The positive rate of IRAK-M in the above
three types of study samples is shown in Fig. 5b.
The positive rate of IRAK-M in the pathological
tissues of patients with sepsis was the highest, and
there was a significant difference between the
pathological tissues and the other two groups
(P<0.05). This was followed by the normal skin
tissues of patients with sepsis, and there was also a

significant difference in the number of IRAK-M
positive cells compared to in normal skin tissues
from normal individuals (P<0.05).

Discussion

It has been demonstrated that the TLR sig-
nalling pathway plays an important role in mediat-
ing the invasion of exogenous pathogens(11), induc-
ing monocytes, macrophages and lymphocyte pro-
liferation(10). For example, the TLR signalling path-
way can induce the above-mentioned immune sys-
tem to produce and activate IL-1 and TNF-α
inflammatory factors (12),  thus promoting the
immune response mechanism of the body(13). The
results showed that the expression of TLR and
TLR2 mRNA in the serum of mice treated with
lipopolysaccharide (LPS) for 24 hours was signifi-
cantly increased. It has been shown that the
expression of TLR and TLR2 mRNA in the serum
of mice treated with lipopolysaccharide (LPS) for
24 hours was increased significantly(14).

Clinical studies have shown that lipopolysac-
charides can also induce the increased expression
of TLR4 and TLR2 in monocytes(15). Meanwhile,
genetic polymorphism of TLR2, such as the
Arg753Gln, Cys159Thr, etc. mutations can lead to
different resistances to sepsis in different patients
to some extent(16, 17).

In this study, we found that the expression of
key proteins in the TLRs signalling pathway in
sepsis tissues increased in comparison with the
normal tissue. However, comparing the expression
of key proteins in the TLR signalling pathway in
normal tissues of patients with sepsis and normal
tissues of normal individuals, it was found that the
expression of key proteins in the TLR signalling
pathway was also increased in the normal tissues
of patients with sepsis; there was a significant dif-
ference between the two groups (P<0.05). These
results indicate that activation of the TLR sig-
nalling pathway induced by sepsis is not only con-
fined to the lesion tissues, but can also significant-
ly promote activation of the TLR signalling path-
way in the normal tissues of patients with sepsis,
thus enhancing their immune ability to sepsis and
other inflammation.

As the main immune proteins of cells deal
with foreign invading pathogens, it has been
shown that IRAK-M participates in the treatment
of related inflammatory reactions through the TLR
signalling pathway in influenza and other inflam-
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Fig. 3: The results of IRAK-M gene immunohistochemi-
stry and the number of IRAK-M-positive cells in the
observation and control groups. A: Normal tissues from
a normal individual; B: Normal tissues of patients with
sepsis; C: Pathological tissues of patients with sepsis. a:
Immunohistochemical results; b: Results of positive cell
counts. Asterisks (*) indicate significant difference
between the two groups (P<0.05).



matory responses(18). However, the correlation
between IRAK-M and the TLR signalling pathway
in sepsis is rarely reported. In this study, it was
indicated for the first time that IRAK-M can par-
ticipate in the degradation progression of sepsis
through the TLR signalling pathway. However, it
is not clear how the TLR signalling pathway acti-
vates IRAK-M and promotes its related immune
activity. It has been shown that IRAK-M can
inhibit the phosphorylation of IRAK-I and prevent
it from binding to other factors, thus promoting its
interaction with related proteins such as the
SOCS1 protein and participating in the immune
responses(19).
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