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Abstract: Objective: To investigate the association of polymorphisms in interleukin-10 (I/L-10) and the Toll-like re-
ceptor 4 (TLR4) signal pathway genes TLR4 and myeloid differentiation factor 88 (MyD88) with the occurrence of
postoperative sepsis. Methods: Data from 203 patients who underwent surgery were retrospectively analyzed. The
analysis included 104 patients who developed sepsis after surgery as the sepsis group and 99 patients who did not
develop sepsis after surgery as the control group. Polymorphisms in IL-10, TLR4, and MyD88 were detected by PCR
and sequencing. Logistic regression analysis was used to evaluate the relationship between genetic polymorphism
and septic shock, organ dysfunction as well as the survival rate in sepsis. Results: There was statistical significance
in the distribution frequencies of the IL-10 rs1800896 AA, GG, and AG polymorphisms, TLR4 rs10759932 TT, TC,
and CC polymorphisms, and the MyD88 rs6853 AA, GG, and AG polymorphisms between the sepsis and control
groups (P < 0.05, for all three). The IL-10 rs1800896 locus was associated with the occurrence of sepsis. Compared
with the AA genotype, the GG+AG genotype was associated with an increased risk of sepsis (P < 0.05). The TLR4
rs10759932 locus was also associated with the occurrence of sepsis. Compared with the TT genotype, the TC+CC
genotype was also associated with an increased risk of sepsis (P < 0.05). The MyD88 rs6853 locus was associated
with the occurrence of sepsis. Compared with the AA genotype, the GG+AG genotype was also associated with an
increased risk of sepsis (P < 0.05). The IL-10 rs1800896 AA, GG, and AG genotypes, TLR4 rs10759932 TT, TC, and
CC genotypes, and MyD88 rs6853 AA, GG, and AG genotypes were not significantly correlated with septic shock,
organ dysfunction, or survival (P > 0.05). Conclusion: The rs1800896 polymorphic locus of IL-10, the rs10759932
polymorphic locus of TLR4, and the rs6853 polymorphic locus of MyD88 were closely related to the risk of postop-
erative sepsis.
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Introduction

Sepsis is an inflammatory response syndrome
caused by microbial invasion of the body after
severe trauma, shock, burn, or major surgery. It
is a systemic multiple organ dysfunction syn-
drome and a major cause of death in critically ill
patients [1]. Although great progress has been
made in the treatment of critically ill patients
with the development of various medical tech-
nologies, the rates of sepsis-induced shock
and death due to organ dysfunction remain
high [2]. Based on in-depth studies of physiol-
ogy and pathogenesis of sepsis, most research-
ers believe that, in addition to the virulence fac-

tors of invading pathogenic bacteria, genetic
variation factors also play an important role in
the occurrence and development of sepsis [3,
4]. The balance between cytokine-induced anti-
inflammatory and pro-inflammatory responses
plays an important role in the occurrence and
development of sepsis [5]. Interleukin-10 (IL-
10), which is secreted by TH2 cells, is an anti-
inflammatory cytokine that inhibits the function
of TH1 cells [6]. IL-10 is part of a major cytokine
network, and IL-10 levels are closely related to
the occurrence, development, and prognosis of
sepsis. Studies have shown that the levels of
secreted IL-10 are affected by genetic factors,
and IL-10 polymorphisms are closely related to
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Table 1. Sequences of 8 SNPs of IL.-10, TLR4 and MyD88 Genes

Gene SNPs Forward Reverse Amphcon
size (bp)
IL-10 rs1800871 5’-TCATTCTATGTGCTGGAGATGG-3’ 5’-TGGGGGAAGTGGCTAAGAGT-3’ 377
rs1800872 5’-CCTAGGTCACAGCGTGG-3’ 5’-GGTGAGCACTACCTGACTAGC-3’ 412
rs1800896 5’-CCAAGACAACACTACTAAGGCTCCTTT-3’ 5-GCTTCTTATATGCTAGTCAGGTA-3’ 209
TLR4 rs10759932 5’-ACGTTGGATGTTACAGACCAGAAAGTAAT-3’ 5-ACGTTGGATGTCCCACAAATGGTGTACACG-3’ 125
rs11536889 5’-ACGTTGGATGGAACCCCATTAATTCCAGAC-3" 5’-ACGTTGGATGTTTCCTGTTGGGCAATGCTC-3’ 109
rs27371903 5’-ACGTGGATGAGTGATGATTAGGGCTG-3’ 5-ACGTTGGATGCTCTGAACCACCTCCTCTAC-3’ 108
MyD88 rs7744 5’-ACGTTGGATGACTCTGGAAAGGACCCAATG-3’ 5’-ACGTTGGATGTGTGTGAGTTTAAGCAGCTC-3’ 102
rs6853 5’-ACGTTGGATGGCGTACAAAACATGTAGAAG-3’ 5’-ACGTTGGATGCACCTGTCCCCCTTTAATAC-3’ 90

Table 2. Participation in logistic regression analysis of

individual variable assignments

and TLR4 and their mediated signaling
pathways may affect the expression and

function of some genes, thereby affecting

Independent variable Assignment
Gender Male=1 Female =2
Age >45=1 <45=2
Smoking status Yes=1 No =2
Drinking status Yes=1 No =2
Whether there is chronic disease Yes=1 No =2

the immune status of the body and reduc-
ing the body’s response to susceptible fac-
tors, which in turn affects the occurrence
of sepsis.

Previous studies found that IL-10 and the

its expression, which can affect the occurrence
and development of sepsis [7].

Infections after major surgery are mainly
caused by gram-negative pathogens. Toll-like
receptor 4 (TLR4) specifically recognizes lipo-
polysaccharide (LPS), a cell wall component of
gram-negative bacteria that activates the
immune system. It plays an important role in
cell maturation, apoptosis, and promotion of
inflammatory cytokine release [8]. It is reported
that TLR4 gene polymorphisms may alter the
extracellular structure of proteins and affect
the binding of pathogenic ligands, especially
LPS, to alter progression of sepsis [9]. Mye-
loid differentiation factor 88 (MyD88) is an
important molecule in the TLR4 signaling path-
way. In the immune response to pathogen inva-
sion, the TLR4-mediated MyD88 signaling
pathway can regulate the expression of a vari-
ety of related genes [10]. Mutations in the
TLR4/MyD88 signaling pathway affect the
activation, conduction, and function of the sig-
naling pathway, thereby affecting the body’s
inherent immunity, making the body’s im-
mune system unable to detect pathogens
and induce the body’s immune response in a
timely and effective manner, which have an
impact on the occurrence of sepsis [11].
Therefore, we hypothesized that single nucleo-
tide polymorphisms (SNPs) in the loci of I[-10
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TLR4 signaling pathway, which includes

TLR4 and MyD88, are associated with a
variety of diseases, such as pneumonia, diabe-
tes, and asthma [12, 13]. However, there are
few studies on the relationships between
genetic polymorphisms and postoperative sep-
sis. By exploring the relationship between poly-
morphisms in IL-10, TLR4 and MyD88 and the
susceptibility to and prognosis of postoperative
sepsis in Chinese Han patients, this study will
serve as a reference for future screening of
sepsis-susceptible populations and studies on
the mechanism of sepsis.

Materials and methods
General information

We retrospectively analyzed the data from
203 patients who underwent surgery at The
First Affiliated Hospital of Fujian Medical
University from April 2015 to February 2018.
The patients included 104 patients who devel-
oped sepsis after surgery as the sepsis group
and 99 patients who did not develop sepsis as
the control group. The sepsis group included
60 males and 44 females, aged 42-65 years,
with an average age of 54.75 + 7.08 years. The
control group included 69 males and 30
females, aged 40-66 years, with an average
age of 52.15 + 8.15 years. This study was
approved by the Ethics Committee of The First
Affiliated Hospital of Fujian Medical University.
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Table 3. Baseline data for study and control groups [n (%)]/

Inclusion and exclusion criteria

(x £ sd) . o . .
Sepsis group Control group Diagnostic criteria for sepsis, septic

Category (n = 104) (n = 99) 2 Pvalue srr:ock, an(;j (ergan fdysr:‘un(:ion met
the standards of the American

Gender 3155 0.082 Society of Critical Care Medicine
Male 60(57.69) 69(69.70) (SCCM) and the American College of
Female 44 (42.31)  30(30.30) Chest Physicians (ACCP) [14].
Age 0.754 0.426 Sepsis was defined as a positive
>45 74 (71.15) 75 (75.76) bacterial culture at the site of in-
<45 30(28.85) 24 (24.24) fection or systemic inflammatory
Smoking status 0.287 0.647 response syndrome caused Dby
Yes 33(31.73) 28(28.28) infection. S.eptlc shock yvas defmed
No 71 (68.27) 71(71.72) as acgte circulatory failure, with a
o systolic blood pressure < 90 mmHg
Drinking status 0.327 0.587 and basal blood pressure < 40
Yes 20(19.23)  16(16.16) mmHg [15]. Sequential organ fail-
No 84 (80.77)  83(83.84) ure was defined as an estimated
Chronic diseases 0.219 0.663 score of organ dysfunction = 2
Yes 39(37.50) 34 (34.34) points [16]. Age = 40 years old;
No 65 (62.50) 65 (65.66) patients without previous treat-
Septic shock ments by antilc_)iotics gnd_vaso_ac—
03846 - combines with iadequate. organ
No ) 64(61.54) i perfusion; high blood lactate le-
Organ dysfunction vels; oliguria; peripheral circulation
Yes 85 (81.73) - disorders; and conscious mind.
No 19 (18.27) - Exclusion criteria included patients
Survival underwent emergency surgery;
No 26 (25.00) - close relatives, genetic disorders,
Yes 78 (75.00) B} autoimmune diseases, previous
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Figure 1. Distribution frequencies of the CC, CT,
and TT genotypes at the IL-10 rs1800871 locus in
the study and control groups. Compared with AA,
“P<0.05.

The subjects and their families provided full
informed consent.
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psychosis, and a family history of
mental illness, not or unwilling to
accept central venous catheterization, or have
a catheterization contraindication.

Methods

DNA extraction: Peripheral venous blood (5 ml)
was taken in the morning before surgery with
an empty stomach and placed in an EDTA anti-
coagulant tube. DNA was extracted using the
DNA extraction kit (Beijing Suolaibao Technology
Co., Ltd.), and stored at -20°C until use.

PCR ampilification: The single nucleotide poly-
morphisms (SNPs) of IL-10, TLR4 and MyD88
that are associated with the development of
immune diseases were retrieved from the
dbSNP database (http://www.ncbi.nim.nih.gov/
SNP), which limits the frequency of minor allel-
es of candidate SNPs to > 5%. Three SNP loci of
IL-10 (rs1800871, rs1800872 and rs18008-
96) as well as three SNP loci of TLR4 (rsl075-
9932, rs11536889 and rs27371903) and two
SNP loci of MyD88 (rs7744 and rs6853) were
selected. SNP loci primers were designed using
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Table 4. Frequency distribution and comparison of genotype frequen-

cies of 3 SNPs in IL-10 gene [frequency (%)]

61°C for 30 s, and exten-
sion at 72°C for 30 s, with

Gene SNPs Genotype

Sepsis group Control group
(n=104) (n=99)

a final extension at 72°C

X2 Pvalue for 10 min. Then, 10 ul of

IL-10  rs1800871

CC 62 (59.62) 64 (64.65)
CT 33(31.73) 27 (27.27)

T 9 (8.65) 8 (8.08)
rs1800872

AA 6 (5.77) 9 (9.09)

AC 33(31.73) 27 (27.27)

cc 65 (62.50) 63 (63.64)
rs1800896

AA 26(25.00) 30(30.30)
GG 65 (62.50) 39(39.39)
AG 13 (12.50) 30 (30.30)

the PCR product was in-
cubated with restriction
enzymes at 37°C overnight
before electrophoresis in a
3.0% agarose gel. The
restriction enzyme-digest-
ed PCR products were
placed in 1 x TBE buffer
solution and then electro-
phoresed on a 3% agarose
gel at constant voltage of
90 V for 30 min. Then, the
amplification strip was
imaged on an automated

0.568 0.753

1.109 0.537

13.392 0.001
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Figure 2. Distribution frequencies of the TT, TC,
and CC genotypes at the TLR4 rs10759932 locus
in the study and control groups. Compared with TT,
“P<0.05.

Assay Design 3.1 software (Sequenom, USA)
and synthesized by Guangzhou Aikey Bio-
technology Co., Ltd. The primer sequences are
shown in Table 1. Each PCR mixture contained
the following: 2.5 ul of 10 x buffer, 1 yl of dNTP
mix, 0.5 ul of each 10 ymol/L upstream and
downstream primer, 0.5 pl of Tag DNase (2.0
U), 1 ul of template, and deionized water to 50
ul. The amplification was performed using a
Bio-Rad PCR amplification instrument (Zhejiang
Tuopuyunnong Technology Co., Ltd.). The PCR
cycling conditions were as follows: pre-denatur-
ation at 94°C for 3 min, followed by 30 cycles
of denaturation at 94°C for 30 s, annealing at
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gel-imaging system.
Statistical methods

SPSS 19.0 (Boyizhixun [Beijing] Information
Technology Co., Ltd.) was used for statistical
analysis. The data are expressed as mean *
standard deviation (x + sd). Data were com-
pared between groups using the chi-square
test. Logistic regression analysis was used to
adjust for gender, age, smoking status, drinking
status, and the effects of chronic disease,
and analyze the association of SNP genotypes
with septic shock, organ dysfunction, and sur-
vival. The patients’ ages were collapsed into
two ranks (< 45 and > 45, Table 2). P values
less than 0.05 were considered statistically
significant.

Results
Baseline data of the two groups

General clinical baseline data, such as gend-
er, age, smoking status, drinking status, and
chronic diseases, did not differ significantly
between the study and control groups (P >
0.05). In the sepsis group, there were 40 cases
(38.46%) of septic shock, 85 cases (81.73%) of
organ dysfunction, and 26 cases of (25.00%)
death (Table 3).

Genotype frequency distribution of three SNP
loci in IL-10

The distribution frequencies of CC, CTand TT at
the rs1800871 locus of the IL-10 gene were
59.62%, 31.73% and 8.65%, respectively, in
the sepsis group; and 64.65%, 27.27% and
8.08%, respectively, in the control group.

Int J Clin Exp Med 2018;11(12):13501-13510
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Table 5. Frequency distribution and comparison of genotype frequen-
cies of three SNPs in TLR4 gene [frequency (%)]

Sepsis group Control group

13.392, P = 0.001; Figure
1). After adjustment for
gender, age, smoking sta-

Gene SNPs Genotype (n = 104) (n = 99) X2 Pvalue tl;s, (.jrir:jl-«ing stztu&l‘,,g.agd
chronic disease by logistic
TLR4 rs10759932 o 45 4159 55 (55.50) 6.638 0.035 regression, the rs1800896
; ) locus of IL-10 was associat-
TC 50 (48.08)  36(36.36) ed with the occurrence of
CcC 11 (10.58) 5 (5.05) sepsis; compared to the AA
rs11536889 3.215 0.192 genotype, the GG+AG geno-
GG 66 (63.46) 64 (65.64) type showed an increased
GC 35 (33.65) 27 (27.27) risk of sepsis (OR = 1.86,
o 3288  8(808) 95% Cl, 1.16-2.96, P =
rs27371903 0255 0880  :036). However, there was
no significant correlation
GG 16 (15.38) 14 (14.14)

CA 52 (50.00) 53 (53.54)
AA 36 (34.62) 32(32.32)

between rs1800871 and
rs1800896 polymorphisms
and sepsis risk (P > 0.05;
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Figure 3. Distribution frequencies of the AA, GG,
and AG genotypes at the MyD88 rs6853 locus in
the study and control groups. Compared with AA,
“P<0.05.

The difference was not statistically significant
(X2 = 0.568, P = 0.753). The distribution fre-
quencies of AA, AC and CC at the rs18008-
72 locus of IL-10 were 5.77%, 31.73% and
62.50%, respectively, in the sepsis group; and
9.09%, 27.27% and 63.64%, respectively, in
the control group. The difference was not sta-
tistically significant (X2 = 1.109, P = 0.537).
The distribution frequencies of AA, GG and
AG at the rs1800896 locus of IL-10 were
25.00%, 62.50% and 12.50%, respectively, in
the sepsis group; and 30.30%, 39.39% and
30.30%, respectively, in the control group. This
difference was statistically significant (X2 =
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Table 4).

Genotype frequency distributions of three SNP
lociin TLR4

The distribution frequencies of TT, TC and
CC at the rs10759932 locus of TLR4 were
41.35%, 48.08% and 10.58%, respectively, in
the sepsis group; and 58.59%, 36.36% and
5.05%, respectively, in the control group. The
difference was statistically significant (X2 =
6.638, P = 0.035; Figure 2). The distribution
frequencies of GS, GC and CC at the rs11536-
889 locus of TLR4 were 63.46%, 33.65%, and
2.88%, respectively, in the sepsis group; and
65.64%, 27.27% and 8.08%, respectively, in
the control group. The difference was not
statistically significant (X2 = 3.215, P = 0.192).
The distribution frequencies of GG, CA and
AA at the rs27371903 locus of TLR4 were
15.38%, 50.00% and 34.62%, respectively, in
the sepsis group; and 14.14%, 53.56% and
32.32% respectively, in the control group. The
difference was not statistically significant
(X2 = 0.255, P = 0.880). After adjustment for
gender, age, smoking status, drinking status,
and the effects of chronic disease by logistic
regression, the TLR4 rs10759932 locus was
associated with the occurrence of sepsis.
Compared with the TT genotype, the TC+CC
genotype showed an increased risk of sepsis
(OR = 1.55, 95% CI, 1.00-2.38, P = 0.048).
However, there was no significant correlation
between the rs11536889 and rs27371903
allele frequencies and sepsis risk (P > 0.05;
Table 5).

Int J Clin Exp Med 2018;11(12):13501-13510
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Table 6. Frequency distribution and comparison of genotypes of two
SNPs in the MyD88 gene [frequency (%)]

Sepsis group Control group

Gene SNPs  Genotype X2 P value

(n = 104) (n = 99)
MyD88 rs7744 1504 0.471
AA 39(37.50) 40 (40.40)
GG 12 (11.54) 16 (16.16)
AG 53(50.96) 43 (43.43)
rs6853 6.066 0.040
AA 87 (83.65) 83(83.84)
GG 9 (8.65) 2 (2.02)
AG 8 (7.69) 14 (14.14)

Table 7. Association of IL-:10 (rs1800896), TLR4 (rs10759932), and
MyD88 (rs6853) gene polymorphisms with septic shock in patients

locus was associated with
the occurrence of sepsis.
Compared with the AA gen-
otype, the GG+AG geno-
type showed an increased
risk of sepsis (OR = 1.66,
95% Cl, 1.06-2.61, P =
0.027). However, there was
no significant correlation
between polymorphism at
the rs7744 locus and the
risk of sepsis (P > 0.05;
Table 6).

Association of IL-10, TLR4
and MyD88 polymor-
phisms with septic shock,

with sepsis [frequency (%)]

organ dysfunction, and

Septic shock
Have (n = 40) No (n = 64)

Gene

survival in patients with

OR (95% Cl) P value sepsis

IL-10 (rs1800896)

The IL-10 rs1800896 AA,

AA 9(22.50) 17 (26.56) 1 (Ref) GG and AG genotypes,
GG 26 (65.00) 39 (60.94) 2.25(0.42~12.01) 0.344 TLR4 rs10759932 TT, TC
AG 5(12.50) 8(12.50) 0.94(0.61~1.43) 0.762 and CC genotypes, and
TLR4 (rs10759932) MyD88 rs6853 AA, GG
T 17 (42.50) 26 (40.63) 1 (Ref) and AG genotypes were
TC 20 (50.00) 30 (46.88) 1.22(0.79~1.87) 0.374 not significantly correlated
with septic shock, organ
cc 3(7.50) 8(12.50) 0.97 (0.51~1.85) 0.926 : .
dysfunction, or survival (P
MyD88 (rs6853) > 0.05; Tables 7-9).
AA 31(77.50) 56 (87.50) 1 (Ref)
GG 4(10.00)  5(7.81) 3.48(0.26~27.27) 0.350 Discussion
AG 5(12.50)  3(4.69) 1.00(0.55~1.83) 0.992

Genotype frequency distributions of two SNP
loci in MyD88

The distribution frequencies of AA, GG and AG
at the rs7744 locus of MyD88 were 37.50%,
11.54% and 50.96%, respectively, in the sepsis
group; and 40.40%, 16.16% and 43.43%,
respectively, in the control group. The differ-
ence was not statistically significant (X2 =
1.504, P = 0.471). The distribution frequenci-
es of AA, GG, and AG in the rs6853 locus of
MyD88 were 83.65%, 8.65% and 7.69%,
respectively, in the sepsis group; and 83.94%,
2.02% and 14.14%, respectively, in the control
group. The difference was statistically signifi-
cant (X2 = 6.066, P = 0.040; Figure 3). After
adjustment for gender, age, smoking status,
drinking status, and the effects of chronic dis-
ease by logistic regression, the MyD88 rs6853
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With the use of immuno-
suppressors and invasive
arterial pressure monitoring, the misuse and
abuse of antibiotics, and the aging of the popu-
lation, the incidence of the severe infection syn-
drome, or sepsis, after severe trauma surgery
has significantly increased [17]. Sepsis is a
complex manifestation of the interaction
between invading pathogens and the host’s
coagulation and immune systems. The inva-
siveness and drug resistance of pathogens can
impact the occurrence and development of
sepsis, and the host immune response to the
pathogens is an important cause of sepsis.
Imbalance in the inflammatory response is the
main manifestation of sepsis, as dysregulated
immune activation can cause a series of
adverse reactions, such as septic shock, organ
dysfunction, and even death [18]. Previous
studies have shown that the occurrence, devel-
opment, and prognosis of sepsis have a genetic

Int J Clin Exp Med 2018;11(12):13501-13510
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Table 8. Association of IL-10 (rs1800896), TLR4 (rs10759932), and
MyD88 (rs6853) gene polymorphisms with organ dysfunction in patients
with sepsis [frequency (%)]

Organ dysfunction
Gene OR (95% Cl)
Have (n=85) No (n=19)

P value

IL-10 (rs1800896)

AA 21(24.71)  5(26.32) 1 (Ref)

GG 55 (64.71) 10 (52.63) 2.13(0.34~13.26) 0.416

AG 9 (10.59) 4(21.05) 0.80(0.49~1.31) 0.381
TLR4 (rs10759932)

T 35(41.18) 8 (42.11) 1 (Ref)

TC 43(50.59)  7(36.84) 0.96(0.37~2.49) 0.934

cc 7 (8.24) 4(21.05) 0.86(0.57~1.31) 0.479
MyD88 (rs6853)

AA 73(85.88) 14 (73.68) 1 (Ref)

GG 7 (8.24) 2(10.53) 0.59(0.33~1.04) 0.069

AG 5 (5.88) 3(15.79) 0.85(0.53~1.37) 0.512

Table 9. Association of IL-10 (rs1800896), TLR4 (rs10759932), and
MyD88 (rs6853) gene polymorphisms with survival in patients with sep-
sis [frequency (%)]

Survival
Gene - OR (95% Cl)
Death (n = 26) Survive (n =78)

Pvalue

IL-10 (rs1800896)

AA 4 (15.38) 22 (28.21) 1 (Ref)

GG 18 (69.23) 47 (60.26)  0.87 (0.51~1.51) 0.630

AG 4 (15.38) 9(11.54)  0.84(0.42~1.69) 0.629
TLR4 (rs10759932)

T 9(34.62) 34 (43.59) 1 (Ref)

TC 12 (46.15) 38(48.72)  0.96(0.50~1.83) 0.898

cc 5(19.23) 6 (7.69) 1.02 (0.55~1.92) 0.942
MyD88 (rs6853)

AA 22 (84.62) 65 (83.33) 1 (Ref)

GG 3(11.54) 6 (7.69) 1.14 (0.60~2.16) 0.693

AG 1(3.85) 7 (8.97) 1.03(0.68~1.56) 0.908

development, deterio-
ration, and prognosis of
sepsis [21]. Studies by
Helminen et al. and We-
stendorp et al. show-
ed that patients with
hereditary high IL-10
and families who com-
monly suffer from respi-
ratory infections, men-
ingitis, and other dis-
eases are more suscep-
tible to disease pro-
gression and poor prog-
nosis [22, 23]. The
results of the present
study showed that the
IL-10 rs1800896 loc-
us polymorphism was
associated with the
occurrence of sepsis.
Compared with the AA
genotype, the GG+AG
genotype showed an
increased risk of sep-
sis, suggesting that at
the IL-10 rs1800896
locus, GG+AG genotype
was closely associated
with susceptibility to
postoperative sepsis. It
is possible that the rs-
1800896 locus is lo-
cated in a positive regu-
latory region for the
IL-10 gene. Individuals
carrying the risk-associ-
ated rs1800896 allele
showed strong secre-
tion of IL-10, resulting in
a low IL-10/TNF-a ratio

basis, and genes in the immune pathways are
involved. SNPs have been shown to affect the
immune response to pathogens [19]. Therefore,
genetic factors are involved in regulation of the
immune inflammatory response [20].

IL-10 is an important anti-inflammatory factor
that inhibits the production of tumor necrosis
factor o (TNF-a) by monocyte-macrophages,
promotes the secretion of IL-1 receptor antago-
nists, and has immunomodulatory functions in
sepsis. An imbalance in serum IL-10 and TNF-a
levels is closely related to the occurrence,
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and immune dysfunction. Thus, when a patho-
gen invades, causing a local infection, sepsis
can develop.

TLR4 is a biomolecule that links free fatty acids,
the innate immune system, and inflammation.
MyD88 is a key adaptor protein in the TLR4-
mediated immune inflammatory signaling path-
way [24]. TLR4 specifically recognizes LPS, a
cell wall component of gram-negative bacteria,
and bacterially-expressed LPS plays an impor-
tant role in sepsis [27]. Moreover, LPS can acti-
vate platelet secretion and enhance platelet

Int J Clin Exp Med 2018;11(12):13501-13510
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aggregation through the TLR4/MyD88 signal-
ing pathway [25]. Penders et al. showed that
the interaction between genes and the environ-
ment can affect the incidence of allergic dis-
eases, as the risk of allergic diseases induc-
ed by Escherichia coli colonization is reduced
in children with the TT genotype at the
rs10759932 locus and in children without a C
allele [26]. The results of this study showed
that the TLR4 rs10759932 locus was associ-
ated with the occurrence of sepsis. Compared
with the TT genotype, the TC+CC genotype
showed an increased risk of sepsis, suggesting
that at the TLR4 rs10759932 locus, the TC+CC
genotype was closely related to the susceptibil-
ity of postoperative sepsis. Duan et al. showed
that non-coding region SNPs can alter gene
expression, which in turn affects the release of
inflammatory factors [27]. Chen et al. showed
that SNPs in the promoter and coding region of
TLR4 can change gene expression levels and
the mRNA structure, thus affecting protein
function [28]. The TLR4 polymorphic locus
rs10759932 is located in an upstream regula-
tory region for the TLR4 gene, and differences
in this region may change the secondary struc-
ture of the mRNA and TLR4 expression levels,
thereby changing the response of TLR4 to LPS
[29]. The results of this study showed that the
MyD88 rs6853 locus was associated with the
occurrence of sepsis. Compared with the AA
genotype, the GG+AG genotype showed an
increased risk of sepsis, suggesting that the
MyD88 rs6853 locus genotype GG+AG was
closely related to the susceptibility of postop-
erative sepsis. The rs6853 locus is located in
the 3'UTR, and mutations in the 3’UTR can
affect gene expression and cause disease.
Thus, mutations may affect the biological func-
tion of MyD88. Through further research, we
showed that patients carrying the IL-10
rs1800896 AA, GG and AG genotypes, the
TLR4 rs10759932 TT, TC and CC genotypes,
and the MyD88 AA, GG and AG genotypes were
not significantly correlated with septic shock,
organ dysfunction, or survival. Septic shock,
organ dysfunction, and survival are complex
processes likely involving more factors and like-
lyinfluenced by additional genes. Environmental
factors had a greater impact on susceptibility
to sepsis, and locus changes in IL-10, TLR4 and
MyD88 may primarily affect pathogen identifi-
cation by the immune system and the inflam-
matory processes during the initial innate
immune response.
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Subjects were strictly selected according to
inclusion and exclusion criteria to ensure the
rigor and reliability of the study results. This
study did not detect the expression levels of
IL-10 and TLR4 signal pathway genes, and
therefore, it has certain limitations. Further pro-
spective, controlled studies may show that
IL-10 and genes in the TLR4 signaling pathway
influence the occurrence and development of
sepsis.

In summary, polymorphisms at the IL-10 rs-
1800896 locus, TLR4 rs10759932 locus, and
MyD88 rs6853 locus are closely related to the
risk of postoperative sepsis.
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