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Abstract 
The association of genes polymorphism Heat Shock Protein (HSP70-2, 1267A-G) and Interleukin 10 (IL-

10, C-592A) with Colienteritis risk depending on cytokines production of IL-1β, TNF-a and IL-10 were 

evaluated. The risk of genetically determined IL-1β hyperproduction in patients with Escherichia 

enterocolitis (Colienteritis) 1.41 times (р<0, 01) increases in individuals with GG-genotype of HSP70-2 

gene, with a high probability of a low synthesis of the anti-inflammatory cytokine IL-10 [OR=3.54; 95% 

CI, OR=1.45-8.64; р=0.006]. At the same time, А-allele of the above gene 3,28 and 2,24 times increases 

probability of IL-1β normal production [OR=4.63; 95% CI, OR=1.56-13.78; р=0.004] and IL-10 normal 

synthesis (р<0.01) respectively. Availability of mutant A-allele of IL-10 gene in the genotype of 

Colienteritis patients 1.51 times increases the risk of a low (insufficient) synthesis of anti-inflammatory 

IL-10 [95%CI, OR=1.09-2.09; р=0.01], and with CC-genotype the probability of normal IL-10 

production increases practically twice as much [OR=3.09; 95% CI, OR=1.29-7.43; р=0.01]. Polymorphic 

variants of HSP70-2 (rs1061581) and IL-10 (rs1800872) genes, as well as their combinations are not risk 

factors to change TNF- production in patients with Colienteritis. Moreover, IL-10 (rs1800872) gene is 

not associated with changes in the synthesis of pro-inflammatory IL-1β. 

 

Keywords: Colienteritis, coliescherichiosis, gastroenterocolitis, genes hsp70-2, il-10, cytokines, risk 

group, pathogenesis 

 

1. Introduction 

Colienteritis (CE) is an infectious bacterial gastroenterocolitis caused by a pathogenic strain of 

the E. coli, known to be one of the most common causes of infectious diarrhea worldwide and 

is responsible for up to 50% of all infectious diarrhea, with an incidence of 20-30 cases per 

100,000 individuals in developed countries [1-3]. Known risk factors in the CE development 

include immunocompromised status, exposure to infected individuals, younger or older age, 

pregnancy, recent travel to developing countries, daycare, and healthcare settings, recent 

ingestion of uncooked or poorly handled vegetables, meat, poultry, raw milk, or any poorly 

stored foods that require refrigeration (e.g. soft eggs, sauces, etc.), and drinking from untreated 

water sources. 

While E. coli normally colonizes the human GI tract shortly following birth, genetic 

background for CE development and E. coli susceptibility remains generally unclear. Among 

possible pathogenetic factors, participating in CE development the IL-10 and Heat Shock 

Protein (HSP) 70-2 attract particular attention as they both play important role in 

inflammation. Furthermore, study of associations with HSP70-2 and IL-10 genes polymorphic 

variants and pro- and anti-inflammatory cytokines in Colienteritis is promising emphasizing 

both risk factors and possible treatment options. 

Consequently, the aim of our study was to analyze the association of genes polymorphism 

HSP70-2 (1267A-G) and IL-10 (C-592A) with Colienteritis risk depending on cytokines 

production of IL-1β, TNF-a and IL-10. 

 

2. Materials and Methods 

2.1. Compliance with bioethics 

Study was performed in compliance with the Council of Europe Convention on Human Rights 

and Biomedicine and recommendations of the Committee on Bioethics of the Ministry of 

Health of Ukraine. Patients' Examination Cards and Patients' Informed Consent Forms were
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approved by the Biomedical Ethics Commission of Bukovina 

State Medical University, Ministry of Health of Ukraine 

(Chernivtsi, Ukraine). All enrolled patients were treated in the 

Infection Disease Department of Kamianetz-Podilskiy 

Municipal Hospital №1 during 2014-2016 y.y. Genetic bench 

study performed in the laboratory of Medical Biology and 

Genetics Department of Bukovina State Medical University. 

After screening (matching inclusion/exclusion criteria) 95 

patients were selected for further examination. The control 

group for genetic investigation included 30 practically healthy 

individuals who were not relatives with the patients, without 

reliable differences of sex and age and did not have any 

infectious diseases of any localization during the last 6 

months. 

 

2.2. Diagnosis / Inclusion / Exclusion criteria. 

A prospective study involved 153 suspected cases of 

Escherichia Enterocolitis (Colienteritis). CE diagnosis was 

based upon complaints, medical history (anamnesis), the 

results of clinical and laboratory, instrumental examination 

according to diagnostic criteria of Ministry of Healthcare of 

Ukraine (2016), including microbiological investigation [4]. 

The diagnosis of Escherichia Enterocolitis was coded 

according to ICD-10: A04.8 - Gastroenterocolitis acute 

confirmed, A04.9 - Gastroenterocolitis acute. After screening 

(matching inclusion/exclusion criteria) 95 patients with CE 

were selected for further examination. In those patients 

Enteropathogenic, Enterotoxigenic, Enteroinvasive, 

Enterohemorrhagic, or/and Enteroadhesive Escherichia coli, 

Hemolytic intestinal bacilli (E. coli Hly+) and lactose-negative 

E. coli were isolated and identified from the cavity of the 

colon by means of bacteriological method [5]. Availability of 

pathogenic causative agents such as Salmonellae, Shigellae, 

campylobacter, etc. was a reason to exclude patients from the 

study. 

All enrolled / screened patients signed the Informed Consent 

to participate in the research. The age of patients was from 25 

to 52 years (in an average 38.66±3.11). There were 62 women 

(65.26%) and 33 men (34.74%). 

 

 

2.3 Cytokines profile investigation 

The tumor necrosis factor α (TNF-α), interleukin 1β (IL-1β) 

and interleukin 10 (IL-10) levels (in pg/ml) in blood plasma 

where detected by Immuno-enzyme method (ELISA) with the 

set of reagents: for IL-10 – Platinum ELISA, eBioscience 

(Austria), for IL-1β, TNF- – "Pro Con TNF-" and "Pro 

Con IL-1" (RU, ISO certificates 9001, 13485). Cytokine 

production was considered increased when the upper quartile 

of the control group was higher for pro-inflammatory IL-1β – 

>38.1 pg/ml, TNFα – >39.0 pg/ml, and decreased for anti-

inflammatory IL-10 – lower than that of the lower quartile of 

the control group – <11.8 pg/ml, respectively [6]. 

 

2.4. Genotyping  

Gene polymorphism of heat shock protein HSP70-2 

(A1267G, rs1061581) and IL-10 (C-592A, rs1800872) was 

examined by polymerase chain reaction (PCR). DNA was 

isolated from the lymphocytes of the peripheral venous blood 

using the reagents' set "DNA-sorb-В" (RU). PCR was 

performed using Taq-DNA-polymerase and specific primers 

for gene HSP70-2 (5′-CATCGACTTCTACACGTCCA-3′ – 

forward and 5′-CAAAGTCCTTGAGTCCCAAC-3′ – 

reverse) and IL-10 (5′-CCTAGGTCACAGTGACGTGG-3′ – 

forward and 5′-GGTGAGCACTACCTGACTAGC-3′ – 

reverse) [7, 8]. Allele discrimination of HSP70-2 gene was 

performed by restriction endonuclease PstI ("Fermentas®", 

Lithuania). The products of amplification of DNA fragments 

(amplicons) of IL-10 gene experienced hydrolytic breaking up 

by endonuclease restriction RsaI ("Thermo Scientific", USA). 

The restriction products of both genes were separated by the 

horizontal electrophoresis in 3% agarose gel stained with 4 μl 

of ethidium bromide (45-60 minutes) and were visualized by 

UV transluminator (Nyxtechnic, USA) in the presence of 

molecular mass ladder (100-1000 bp and 50-1000 bp). The 

length of obtained restriction fragments were as follows: for 

HSP70-2 gene (rs1061581) – AA-genotype – 1117 base pair 

(bp), GG-genotype – 936 and 181 bp, and AG-genotype – 

1117, 936 and 181 bp (Fig. 1); for IL-10 (rs1800872) gene – 

AA-genotype – 236 and 276 bp, CC-genotype – 419 bp, AC-

genotype – 419, 236 and 276 bp (Fig. 2).

 

 
 

Fig 1: Electrophoregramm of restricted fragments of HSP70-2 (A-1267G) gene polymorphism. Note: M – Molecular Mass Ladder "GeneRuler 

100 bp" (1000-100 bp); line 7 – homozygous for AA genotype; lines 2, 3, 5, 6, 8 – homozygous for GG genotype; lines 1, 4, 9-11 – 

heterozygous for AG variant. 
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Fig 2: Electrophoregramm of restricted fragments of IL-10 (C-592A) gene polymorphism. Note: M – Molecular Mass Ladder "GeneRuler 50 

bp" (1000-50 bp); line 7 – homozygous for AA genotype; lines 3, 4, 6, 9-12, 14-17 – homozygous for GG genotype; lines 1, 2, 5, 8, 13 – 

heterozygous for AG variant. 

 

2.5. Statistical analysis 
Statistical analysis was performed using Statistica 7.0 (Stat Soft Inc, 

USA) software. P value and odds ratio (OR), with 95% confidence 

interval (CI) using a chi-square test (df=1) were determined for the 

calculated frequencies of each allele and genotypes. Risk ratios (RR) 

were estimated by OR. Adjusted OR and 95%CI were analyzed for 

association between Colienteritis, cytokines production and genetic 

polymorphism. P value <0.05 was considered statistically significant. 

 

3. Results and Discussions 

Codominant multiplication model of Colienteritis inheritance is 

indicative of the fact that a relative occurrence of genotypes and 

alleles by polymorphism of HSP70-2 (A1267G) and IL-10 (C-592A) 

genes in patients and in the control group did not differ considerably. 

Distribution of genotypes by HSP70-2 (rs1061581) gene was the 

following: 46.31% of patients were found to be the carriers of GG-

genotype, AG-genotype –50.53% and AA-genotype – 3.16% of 

individuals; in the control group – 50.0% and 50.0% respectively, 

and AA- variant was not found at all. According to IL-10 

(rs1800872) gene distribution of polymorphic variants was the 

following: 52.63% of patients were found to be the carriers of CC-

genotype, CA- and AA-variants were found in 37.89% and 9.47%, 

respectively; and among practically healthy individuals there were 

66.67%, 33.33% with CC- and CA-genotypes, those with AA-

genotype were absent. In general from 190 isolated alleles of both 

groups G-allele of HSP70-2 gene 2.52 and 3 times dominated 

(р<0.001) and C-allele of IL-10 gene 2.52 and 5 times as much 

(р<0.001) respectively.  

Epidemiological analysis of Colienteritis risk considering genotypes 

of HSP70-2 gene indicated that they were not additional risk factors 

promoting occurrence of Colienteritis in observed population. 

Instead of this minor А-allele of IL-10 (rs1800872) gene is 

associated with twice as much increased risk of acute 

Gastroenterocolitis (AGEC) occurrence among the examined 

subjects [OR=1.98; 95%CI OR=1.0-4.20; р=0.046], and with a 

protective role of С-allele of IL-10 gene [OR=0.50; 95%CI 

OR=0.24-1.01; р=0.058]. 

In patients with Colienteritis the content of IL-1β and TNFα in the 

blood prevailed over those in the control group by 40.93% and 

44.44% (р<0.001), with a lower level of IL-10 – by 37.30% 

(р<0,001) respectively. Genotypes of HSP70-2 (rs1061581) gene as 

risk factors promoting changes in cytokine production in patients 

with Colienteritis are presented in Table 1. А-allele of HSP70-2 gene 

3.28 times increases probability of normal production of IL-1β 

[OR=4.63; 95%CI, OR=1.56-13.78; р=0.004], IL-10 – 2.24 times as 

much (р<0.01), and it appears to be protection against a high 

synthesis of IL-1β [OR=0.22; р=0.008]. In GG-genotype carriers the 

risk of IL-1β hyperproduction 1.41 times increases [OR=4.63; 

р<0.01], in case of the lowest chances of its normal synthesis 

[OR=0.23; 95% CI, OR=0.08-0.65; р=0.003], and the risk of a low 

production of anti-inflammatory IL-10 increases [OR=3.54; 95%CI, 

OR=1.45-8.64; р=0.006]. Polymorphic variants of HSP70-2 gene are 

not risk factors of TNF- high production.  

 

Table 1: Polymorphic variants of HSP70-2 Gene (1267AG) as risk factor of Colienteritis depending on cytokines level production 
 

Genotypes Cytokines production RR OR 95%СІ RR 95%СІ OR р 

GG-genotype 
IL-1β within norma 0.31 0.23 0.12-0.75 0.08-0.65 0.003 

IL-1β increased production 1.41 4.63 1.12-1.79 1.56-13.78 0.004 

AG-+AA- genotypes 
IL-1β within norma 3.28 4.63 1.33-8.05 1.56-13.78 0.004 

IL-1β increased production 0.71 0.22 0.56-0.90 0.07-0.64 0.008 

GG-genotype 
TNF- within norma 0.54 0.44 0.26-1.14 0.17-1.16 >0.05 

TNF- increa-sed production 1.23 2.25 0.97-1.56 0.86-5.89 >0.05 

AG-+AA- genotypes 
TNF- within norma 1.83 2.25 0.88-3.83 0.86-5.89 >0.05 

TNF- increa-sed production 0.81 0.44 0.64-1.03 0.17-1.16 >0.05 

GG-genotype 
IL-10 within norma 0.45 0.28 0.24-0.82 0.12-0.69 0.004 

Low IL-10 production 1.58 3.54 1.14-2.18 1.45-8.64 0.006 

AG-+AA- genotypes 
IL-10 within norma 2.24 3.54 1.22-4.12 1.45-8.64 0.009 

Low IL-10 production 0.63 0.28 0.46-0.88 0.12-0.69 0.005 

Note. RR – Risk Ratio; OR – Odds Ratio; 95%CІ RR, OR – 95% confidence interval of Risk Ratio (RR), Odds Ratio (OR); р – results' reliability. 

 

Epidemiological analysis of IL-10 (rs1800872) gene polymorphic 

variants as risk factors of Colienteritis among the examined 

population indicated that they did not increase the risk of 

Colienteritis occurrence depending on production levels of pro-

inflammatory IL-1β and TNF- (Table 2). Although, statistically 

significant highest probability of IL-10 production within the norm 
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was found in CC-genotype carriers of IL-10 (C-592A) gene 

[OR=3.09; 95%CI, OR=1.29-7.43; р=0.01]. Meanwhile, availability 

of A-allele in the genotype increases the risk of low (insufficient) 

synthesis of anti-inflammatory IL-10 in 1.51 times [95% CI, 

OR=1.09-2.09; р=0.01], mainly at the expense of AC-genotype 

[OR=1.38; OR=2.53; 95%CI, OR=1.02-6.30; р=0.034]. And reliably 

lowest chances for normal production of IL-10 were found among 

the A-allele carriers [OR=0.32; 95% CI, OR=0.13-0.78; р=0.02], and 

the highest impact of AC-genotype as well [OR=0.39; р=0.043]. 

 

Table 2: Polymorphic variants of IL-10 Gene (C-592A) as risk factor of Colienteritis depending on cytokines level production 
 

Genotypes Cytokines production RR OR 95%СІ RR 95%СІ OR р 

CC-genotype 
IL-1β within norma 0.64 0.55 0.32-1.30 0.22-1.41 >0.05 

IL-1β increased production 1.16 1.81 0.91-1.48 0.71-4.61 >0.05 

AC-genotype 
IL-1β within norma 1.39 1.56 0.70-2.76 0.61-3.98 >0.05 

IL-1β increased production 0.89 0.64 0.69-1.15 0.25-1.64 >0.05 

AA-genotype 
IL-1β within norma 1.05 1.07 0.39-2.82 0.24-4.70 >0.05 

IL-1β increased production 0.83 0.49 0.51-1.34 0.11-2.27 >0.05 

CC-genotype 
TNF- within norma 1.06 1.09 0.53-2.13 0.43-2.75 >0.05 

TNF- increased production 0.98 0.92 0.78-1.24 0.36-2.33 >0.05 

AC-genotype 
TNF- within norma 0.82 0.77 0.39-1.72 0.29-2.03 >0.05 

TNF- increased production 1.07 1.30 0.84-1.35 0.49-3.45 >0.05 

AA-genotype 
TNF- within norma 1.36 1.55 0.50-3.70 0.36-6.73 >0.05 

TNF- increased production 0.88 0.65 0.55-1.42 0.15-2.81 >0.05 

CC-genotype 
IL-10 within norma 2.05 3.09 1.14-3.67 1.29-7.43 0.01 

Low IL-10 production 0.66 0.32 0.48-0.91 0.13-0.78 0.02 

AC-genotype 
IL-10 within norma 0.55 0.39 0.29-1.03 0.16-0.98 0.043 

Low IL-10 production 1.38 2.53 1.02-1.87 1.02-6.30 0.034 

AA-genotype 
IL-10 within norma 0.56 0.44 0.16-1.96 0.09-2.23 >0.05 

Low IL-10 production 1.29 2.29 0.87-1.90 0.45-11.68 >0.05 

Note. RR – Risk Ratio; OR – Odds Ratio; 95%CІ RR, OR – 95% confidence interval of Risk Ratio (RR), Odds Ratio (OR); р – results' reliability.

 

Epidemiological analysis of combinations of polymorphic variants of 

HSP70-2 (rs1061581) and IL-10 (rs1800872) genes indicated that 

they are not risk factors of Colienteritis occurrence in the observed 

population.  

 

4. Discussions 

Our results showed the presence of acute inflammatory process in 

patients with Colienteritis, when pre-immune IL-1β and TNFα 

quickly increase in response to alteration, and synthesis of anti-

inflammatory IL-10 is not yet able to increase compensatory to 

stimulate В-lymphocytes and mast cells, development of humoral 

response, inhibition of the activity of Th1 cells and cellular immune 

response, decreased proliferation of T-cells and production of pro-

inflammatory cytokines. TNFα is one of the co-factors of activation, 

growth and maturation of Т- and В-lymphocytes, endothelial cells, 

NК-cells, and fibroblasts. IL-1β interacts with Th2 and induces 

synthesis of IL-8, IL-6, IL-5, IL-4, IL-3, IF-γ, increases secretion of 

antibodies by В-lymphocytes, expression of IL-2 receptors [9-15]. But 

in our study TNFα did not associate with the risk of CE in population 

depending on HSP70-2 (rs1061581) and IL-10 (rs1800872) genes 

polymorphic variant. Our results corresponds partially to the findings 

that IL-1β causes chemotaxis of neutrophils, macrophages, promotes 

their migration through the vascular endothelium into the focus of 

inflammation, where it activates synthesis of cytokines, 

prostaglandins, acute phase proteins, stimulates phagocytosis, causes 

degranulation of mast cells, and thus promotes development of 

exudative and proliferative phases of inflammatory reaction [6, 16].  

In spite of numerous studies, the evidence concerning relations of 

HSP70-2 (rs1061581) and IL-10 (rs1800872) genes polymorphism 

with the inflammatory development in CE patients, as well as its 

influence on immune response is limited, and the available data are 

debatable. 

 

5. Conclusion 

The risk of genetically determined hyperproduction of IL-1β in 

patients with Colienteritis 1.41 times increases among the GG-

genotype carriers of HSP70-2 gene (р<0.01), with high probability 

of low synthesis of anti-inflammatory cytokine IL-10 (р=0.006), 

while А-allele of the above gene 3.28 and 2.24 times increases the 

probability of a normal production of IL-1β and IL-10 respectively 

(р<0.01).  

Availability of mutational A-allele of IL-10 gene in the genotype of 

patients with Colienteritis 1.51 times increases the risk of a low 

(insufficient) synthesis of anti-inflammatory IL-10 (р=0.01), and in 

CC-genotype carriers the probability of normal IL-10 production 

increases practically twice as much (р=0.01).  

In perspective we plan to analyze the association of genes 

polymorphisms HSP70-2 (1267A-G) and IL-10 (C-592A) with non-

specific immunological resistance and neutrophils reactivity in 

patients with Colienteritis. 
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