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ABSTRACT

Aim: To determine the role of TLR4 gene polymorphisms as risk factors for peritonitis severity in patients undergoing surgery for acute inflammatory diseases
of the abdominal cavity.

Materials and Methods: The study included 139 patients who were operated on for acute abdominal diseases (acute appendicitis and cholecystitis, perforated
gastric or duodenal ulcer, etc.). Depending on the number of points on the modified APACHE Il scale, patients were divided into two groups: Group 1- 1-3
points (63 patients, 45.3%) and Group 2 - 4 or more points (76 patients, 54.7%). Polymorphisms rs1927911, rs2149356 and rs4986790 were determined by
polymerase chain reaction.

Results: The rs1927911 polymorphism of the TLR4 gene was protective for the development of peritonitis (according to the allelic model, OR 0.48; 95% (I
0.27-0.84; p=0.015). Regression analysis revealed a reduced (p=0.015) risk of severe peritonitis in rs1927911 A/A or G/A genotype carriers (OR 0.42; 95% (I
0.21-0.84) compared with G/G genotype carriers. There was no effect on the severity of peritonitis of TLR4 polymorphisms rs2149356 and rs4986790. There was
atendency to increase the frequency of the mutant G rs4986790 allele in patients with severe peritonitis (y2=2.17; p<0.001). The analysis of the association of
TLR4 gene polymorphisms with the phenotype of patients showed that carriers of mutant homozygotes and heterozygotes in the presence of severe peritonitis
were older, had a tendency to coagulopathy, higher leukocytosis and leukocyte clotting rate.

Conclusions: Thus, the importance of TLR in the development of severe peritonitis was confirmed and the protective role of the rs1927911 promoter poly-

morphism was established.
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INTRODUCTION

The high mortality rate in peritonitis, which ranges from
19% to 80%, makes it one of the most serious compli-
cations of abdominal diseases [1, 2].

Toll-like receptors (TLRs) are a family of so-called
“pattern recognition receptors” that trigger cellular
inflammatory and immune responses in response to
exogenous and endogenous proinflammatory fac-
tors [3]. Activation of the proinflammatory signaling
pathway mediated by Toll-like receptor 4 (TLR4) plays
an important role in acute inflammation, sepsis, and
chronic inflammatory diseases. Highly specific anti-
bodies to TLR4 inhibited lipopolysaccharide-induced
production of tumor necrosis factor-q, interferon-{3,
and interleukin-6 in mouse peritoneal macrophages by
reducing phosphorylation of NF-kB and mitogen-acti-
vated protein kinase [4].

ChangesinTLR function caused by genetic polymor-
phism can determine the incidence or severity of acute
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inflammatory diseases, as shown by acute pancreatitis
[5] and inflammatory bowel disease in children [6].

Polymorphism of genes involved in the body’s
defense may be associated with the severity of local
infection-inflammation in humans, in particular in
acute appendicitis, which was shown for the IL-6 gene
(-174G>C), but not for the TLR4 gene (896 A>G) [71].

On the other hand, a systematic review and me-
ta-analysis that included the results of 1476 patients
with urinary tractinfection and 1449 healthy control pa-
tients showed that in Asian populations, the rs4986790
polymorphism of the TLR4 gene was associated with
the risk of urinary tract infection [8].

A recent meta-analysis showed the role of TLR gene
polymorphisms in inflammatory bowel disease in Cau-
casians [9]. Significant associations were found for the
TLR1rs5743611, TLR4 rs4986790, TLR4 rs4986791, and
TLR6 rs5743810 polymorphisms. In addition, the TLR4
rs4986790 polymorphism was significantly associated
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with the risk of inflammatory bowel disease in West
Asians. The influence of TLR4 gene polymorphism on
the risk of gastric cancer in northeastern China has also
been shown [10]. Carriers of the mutant homozygote
rs1927911 had a significantly reduced risk of the disease
(OR0.37;95% Cl 0.21-0.67; P=0.001).

AIM

The aim of the study was to determine the role of TLR4
gene polymorphisms as risk factors for peritonitis se-
verity in patients undergoing surgery for acute inflam-
matory diseases of the abdominal cavity.

MATERIALS AND METHODS

A single-center, randomized, single-instance, open-la-
bel observational study was conducted on the basis
of the Brovary Multidisciplinary Clinical Hospital in the
period from 09.09.2021 to 24.10.2022. Patients were
examined in accordance with the Declaration of Hel-
sinki of the World Medical Association (Seoul, 2008),
orders of the Ministry of Health of Ukraine (N° 281 of
November 01, 2000, N 355 of September 25, 2002, N°
356 of May 22, 2009 as amended by the order of the
Ministry of Health of Ukraine N° 574 of August 05, 2009,
Ne 1118 of December 21, 2012).

All patients underwent clinical, laboratory, and ge-
netic testing. All patients gave informed consent to
participate in the study. The material for this article
was based on the medical records of inpatients and the
results of laboratory and genetic tests.

Inclusion criteria: patients with peritonitis over 18
years of age.

Criteria for non-inclusion in the study: patients with
peritonitis of gynecological genesis, acute pancreatitis.

The study involved 139 patients who were operated
on for acute abdominal diseases, including 71 patients
with acute appendicitis, 51 with acute cholecystitis, 10
with perforated gastric or duodenal ulcer, 4 with tumor
perforation, 1 with small intestine perforation, 1 with
hernia, and 1 with cryptogenic peritonitis. Depending
on the number of points on our modified APACHE Il
scale (Acute Physiology and Chronic Health Evaluation)
[11], patients were divided into two groups: Group 1 -
1-3 points (63 patients, 45.3%) and Group 2 - 4 or more
points (76 patients, 54.7%).

During the operation, the prevalence of the in-
flammatory process in the peritoneum (local, diffuse,
spilled or general), the nature of the exudate (serous,
serous-fibrinous, fibrinous-purulent, purulent, fecal or
hemorrhagic), the stage of peritonitis (reactive, toxic or
terminal) were determined. Prothrombin index (PTI, %),
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international normalized ratio (INR, units), prothrom-
bin time (PT, min), fibrinogen content (g/l), as well as
leukocyte count (G/I) and erythrocyte sedimentation
rate (ESR, mm/h) were determined in the blood by
biochemical laboratory methods.

TLR4 gene polymorphisms rs1927911 (Intron;
Chr:9.117707776),rs2149356 (Intron; Chr:9.117711921)
and rs4986790 (896A/G; chr9:117713024; Asp299Gly)
were determined by real-time polymerase chain re-
action using Gene Amp® PCR System 7500 amplifier
(Applied Biosystems, USA) and TagMan Mutation De-
tection Assays Life-Technology (USA). Genomic DNA
was extracted from venous blood using the PureLink®
Genomic DNA Kit For Purification of Genomic DNA
(INVITROGEN, USA).

Statistical processing of the results of the study was
performed using EZR v.1.54 (graphical user interface
for R statistical software version 4.0.3, R Foundation
for Statistical Computing, Vienna, Austria) [12]. The
Shapiro-Wilk test was used to check the distribution of
quantitative indicators for normality; the distribution
law differed from the normal one, so the median (Me)
and the firstand third quartiles (Q1-Q3) were calculated
for presentation, and the Mann-Whitney, Wilcoxon, and
Kruskal-Wallis ranked analysis of variance were used to
compare samples. Differences in genotype and allele
frequencies were compared by Fisher’s exact method
and Pearson’s x2 test. The statistical significance of
differences in the distribution of genotype and allele
frequencies in the case-control group was evaluated
in the contingency tables (3x2 and 2x2, respectively).
The degree of association of genotypes and alleles with
the severity of peritonitis was determined by calculating
the odds ratio (OR) and 95% confidence interval (95%
Cl). For regression analysis, the method of constructing
logistic regression models was used [13], the initial
sign was Y=0 (APACHE Il 1-3 points - 63 patients), Y=1
(APACHE 11 4 and more points - 76 patients). In all cases
of statistical evaluation, the value of p<0.05 was con-
sidered significant.

RESULTS
When comparing the distribution of genotypes in
patient groups, it was found (Table 1) that in patients
of group 2, a decrease in the frequency of the G/A
heterozygote, minor homozygote A/A and allele A was
noted compared with patients of group 1, which was
statistically significant at p=0.040 (for genotypes) and
p=0.015 (for alleles).

Comparison of the dominant and recessive inheri-
tance model showed statistical significance (p=0.022)
of the dominant model (Table 2).
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Table 1. Influence of the distribution of frequencies of genotypes and alleles of rs1927911 of the TLR4 gene on the severity of peritonitis and the degree
of their association with the disease

Genotypes Group, n (f) . .
Alleles 2nd = X P OR 95% CI
G/G 53(0,70) 31(0,49) Reference
G/A 20 (0,26) 26 (0,41) 6,42 0,040 0,45 0,22-0,94
A/A 3(0,04) 6(0,10) - -
G 126 (0,83) 88(0,70) Reference
591 0,015
A 26 (0,17) 38(0,30) 0,48 0,27-0,84

Notes: n - number; f - frequency; x2 - Pearson’s correction for continuity; p - statistical significance of differences between groups; OR - odds ratio; 95%
(1-95% confidence interval for OR.

Table 2. Influence of the frequency distribution of TLR4 gene rs1927911 genotypes on the development of peritonitis (dominant and recessive models
of inheritance)

Genotypes Group; n (f)

2 0
2-a a X P OR Cl% BI

£ G/G 53(0,70) 31(0,49) Reference

o 5,24 0,022

[a)] G/A+A/A 23(0,30) 32(0,51) 0,42 0,21-0,84
g G/G+G/A 73 (0,96) 57 (0,90) Reference

g 0,97 0,326

A/A 3(0,04) 6(0,10) - -

Notes: n - number; - frequency; x2 - Pearson’s correction for continuity; p - statistical significance of differences between groups; OR - odds ratio; 95%
(1-95% confidence interval for OR.

Table 3. Influence of genotypes of rs1927911 polymorphism of TLR4 gene on the studied indicators

Indicator Group SO p
G/G G/A+A/A
Age, years 1-st 44,2+16,7 41,4+14,8 0,489
2-nd 47,5%17,1 51,8+13,7 0,282
p* 0,398 0,011
PTL % 1-st 105,0 (92,4-120,0) 98,6 (88,1-111,1) 0,202
2-nd 87,9 (75,6-96) 88,4 (77,6-101,9) 0,931
p* 0,006 0,211
N 1-st 0,989 (0,940-1,05) 1,034 (0,970-1,080) 0,306
2-nd 1,106 (1,055-1,163) 1,12 (1,020-1,160) 0,972
p* 0,006 0,134
. 1-st 11,5(10,3-11,9) 10,6 (10,3-11,0) 0,737
T mn 2-nd 12,2 (11,5-13,0) 12,5(10,7-13,3) >0,999
p* 0,066 0,020
Fibrinogen, 1-st 8,41 (3,87-10,59) 4,58 (4,30-4,86) 0,845
4 2-nd 5,13 (4,30-6,60) 422 (3,87-4,77) 0.702
p* 0,926 0,688
1-st 9,6 (6,4-12,6) 10,8 (6,8-12,6) 0,417
Leukocytes, g/l o 142015175 30011 17s) yew
p* <0,001 0,005
1-st 13,9 (4,0-16,5) 21,3 (7,0-35,0) 0,184
Fof mm/h 2-nd 25,5 (14,5-36,5) 42,0 (33,3-52,0) 0,400
p* 0,161 0,086

Notes: p - statistical significance of differencesin the group; p* - statistical significance of differences between groups. In the case of a normal distribution law,
M=SD is presented, Student’s test is used for comparison; in the case of a distribution law other than normal, Me (Ql - Qlll) and the Mann-Whitney test are used.
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Table 4. Influence of rs2149356 genotype frequency distribution of TLR4 gene on the severity of peritonitis

Genotypes Group, n (f) s .
Alleles 2-nd 1-st X P OR 95%cl
G/G 33(0,434) 28 (0,444) Reference
G/T 33(0,434) 27 (0,429) 0,02 0,992
/T 10(0,132) 8(0,127)
G 99 (0,651) 83 (0,670) Reference
0,00 >0,999
T 53 (0,349) 43 (0,330) - _
Notes: n - number; - frequency; x2 - Pearson’s correction for continuity; p - statistical significance of differences between groups.
Table 5. Influence of the frequency distribution of TLR4 gene rs4986790 genotypes on the severity of peritonitis
Genotypes Group, n (f) ) 0
i oa T X p OR 95% CI
A/A 57 (0,750) 52 (0,825) Reference
A/G 16 (0,211) 11(0,175) 2,97 0,227
G/G 3(0,039) 0 (0,000)
A 130 (0,855) 115 (0,913) Reference
1,66 0,198
G 22(0,145) 11 (0,087) - -

Notes: n - number; f - frequency; x2 - Pearson’s test with correction for continuity; p - statistical significance of differences between groups; OR - odds

ratio; 95% (I - 95% confidence interval for OR

Table 6. Analysis of single-factor logistic regression models for predicting the risk of severe peritonitis by polymorphic genotypes of the TLR4 gene

Factor attribute

Model coefficient,

Significance level of the difference The model’s odds

btm between the ORand 1, p ratio, OR (95% Cl)
G/G Reference
rs1927911
A/A+G/A -0,87 £0,35 0,015 0,42 (0,21 -0,84)
G/G Reference
rs2149356 G/T 0,04+0,37 0,921 -
/T 0,06 £ 0,54 0,913 -
A/A Reference
rs4986790
G/G+G/A 0,45+0,42 0,284 -

Thus, the presence of the mutant allele A in the TLR4
geners1927911 genotype (for carriers of G/A and A/A
genotypes) reduced the likelihood of severe peritonitis
(OR0.42;95% C10.21-0.84), which allowed us to consid-
er this polymorphism a prognostic factor.

The analysis of the association of rs1927911 with the
phenotype is shown in Table 3.When stratifying patients
by groups and genotypes of rs1927911, it was found that
the oldest patients were carriers of the mutant allele A.

The PTland INR were different in carriers of the ances-
tral G/G genotype, with a lower PTI (p=0.006) and higher
INR (p=0.006) in patients with severe peritonitis than in
those without. The Pl was higher in patients carrying the
A allele in the presence of severe peritonitis (p=0.020).
The detected shifts indicated the presence of coagulop-
athy with a predisposition to hemorrhagic syndrome.
Leukocytosis in the presence of severe peritonitis was
higher in carriers of all genotypes (p<0.005).
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In the present study, there was no significant dif-
ference in the distribution of TLR4 rs2149356 and
rs4986790 genotypes and their influence on the devel-
opment of peritonitis (Table 4 and Table 5).

The analysis of the association of rs2149356 and
rs4986790 with the phenotype of patients showed
that mutant homozygotes and heterozygotes in the
presence of severe peritonitis were older, had a lower
PTIand higher INR, WBC, leukocytosis and ESR (p<0.05),
which was similar to the distribution for rs1927911.
Interestingly, in patients carrying the mutant homozy-
gote G/G and heterozygote A/G rs4986790, who had
mild peritonitis, ESR was the lowest among all groups
stratified by diagnosis and genotype (Me 5.83 mm/h;
QI-Qlll 2 mm/h - 8 mm/h).

To confirm the role of the identified polymorphisms of
the TLR4 gene, we used the method of building logistic
regression models [13]. The analysis was performed to
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Fig. 1. ROC curve for predicting the risk of severe peritonitis by TLR4
rs1927911 genotypes.

identify the association of the risk of severe peritonitis
with the factor characteristics for all patients. Table 6
shows the results of univariate analysis of the associa-
tion of peritonitis risk with polymorphic genotypes of
the TLR4 gene.

The analysis revealed a reduction (p=0.015) in the risk
of severe peritonitis in carriers of the rs1927911 A/A or
G/A genotypes (OR 0.42; 95% Cl 0.21-0.84) compared
with carriers of the rs1927911 G/G genotype.

Figure 1 shows the operating characteristics curve
for this test.

The area under the ROC curve AUC=0.60 (95% Cl 0.52-
0.69), which indicated the presence of an association of
severe peritonitis risk with rs1927911. When choosing
the optimal threshold (rs1927911 G/G genotype), the
test sensitivity was 69.7% (95% Cl 58.1%-79.8%), spec-
ificity 50.8% (95% Cl 37.9%-63.6%).

DISCUSSION

It is believed that the TLR4 rs4986790 gene polymor-
phism is a functional polymorphism that leads to a de-
crease inreceptor sensitivity [10, 14]. In our studies, the
frequency of the G rs4986790 mutant allele in patients
of group 2 increased significantly (x2=2.17; p<0.001),
but the association with the disease for rs4986790 in
this sample of patients was not confirmed (p=0.198;
see Table 5). Thus, within the framework of the results
obtained, it was possible to assert only the existence
of a tendency for this polymorphism to be associated
with severe peritonitis. This assumption is confirmed by
the absence of an increase in ESR in patients carrying

the mutant homozygote G/G and heterozygote A/G
rs4986790 who had mild peritonitis.

A recent meta-analysis of 38 studies (10970 cases and
7061 controls) provided evidence that TLR4 rs4986790
is associated with susceptibility to Crohn’s disease and
ulcerative colitis in Caucasians but not in Asians [15].

The suppression of the immune response in the ab-
sence of the TLR4 gene was shown in another study [16].
In experiments with TLR4-deficient (TLR4-/-) mice, it was
found that chronic inflammation and infiltration of the
colon by macrophages, intestinal fibrosis and collagen
deposition were reduced in a model of chronic colitis
and colon fibrosis using 3% sodium dextran sulfate. In
addition, the production of tumor necrosis factor-q,
interleukin-12p40, and transforming growth factor-f3
was reduced in TLR4-deficient peritoneal macrophages.

Blockade of TLR4 by antibodies differentially sup-
pressed the bacteria-induced production of profibrotic
and inflammatory mediators by peritoneal leukocytes
in peritoneal dialysis patients with uremia [17].In addi-
tion, antibodies against TLR4 decreased the profibrotic
responses of uremic leukocytes to endogenous compo-
nents, whereas increased TLR-mediated inflammation
increased fibrosis in vivo.

Analysis of the gene expression profile using the
Gene Expression Omnibus database identified a panel
of 446 key genes and relevant pathways involved in the
formation of inflammation in postoperative peritoneal
adhesion [18]. Functional analysis suggested that these
genes were enriched in the TLR signaling pathway via
myeloid differentiation primary response protein 88
(MyD88) and nuclear factor kappa B (NF-kB) - the TLR4/
MyD88/NF-kB proinflammatory pathway/inflammatory
cytokines/peritoneal adhesion. It was also found that
the TLR4/MyD88/NF-kB signaling pathway was activat-
ed in the acute phase of appendicitis [19].

These results explain the general importance of TLR
gene polymorphisms that cause a decrease in its func-
tional activity. For example, TLR4 knockout enhances
the clearance of infectious bacterial species that show
excessive amounts in the abdominal cavity of mice after
ligation and puncture of the cecum [20].

In our studies, we found an association of severe peri-
tonitis with the promoter polymorphism rs1927911 of
the TLR4 gene in a dominant model (OR 0.42; 95% ClI
0.214-0.84; p=0.022). This polymorphism was protec-
tive for the development of severe peritonitis, which
also confirmed the negative significance of wild-type
TLR4 for the development of acute inflammation. The
TLR4 gene polymorphism affects intracellular signal
transduction and, as a result, changes the patterns of
immune response not only in inflammatory but also in
cancer, in particular cervical cancer [21].
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Thus, our data confirmed the generally accepted
view of the key role of TLR in the development of acute
peritonitis and established the protective role of the
promoter polymorphismrs1927911 and the tendency
to risk value of the polymorphism rs4986790.

CONCLUSIONS

1. The rs1927911 polymorphism of the TLR4 gene
was protective for the development of severe peri-
tonitis (according to the allelic model, OR 0.48; 95%
Cl 0.27-0.84; p=0.015). Regression analysis revealed
adecrease (p=0.015) in the risk of severe peritonitis

in carriers of rs1927911 A/A or G/A genotypes (OR
0.42;95% C10.21-0.84) compared with carriers of the
G/G genotype.

2. There was no effect of rs2149356 and rs4986790
polymorphisms of the TLR4 gene on the development
of peritonitis. There was a tendency to increase the
frequency of the mutant G rs4986790 allele in patients
with severe peritonitis (x2=2.17; p<0.001).

3.The analysis of the association of TLR4 gene polymor-
phisms with the phenotype of patients showed that
carriers of mutant homozygotes and heterozygotes
in the presence of severe peritonitis were older, had
a lower PTl and higher INR, PF, leukocytosis and ESR.
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