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ABSTRACT
Report 38 p., 8 figures, 4 tables, 40 references, 4 appendices.
BOWEL OBSTRUCTION, COLON TUMOR, BACTERIAL TRANSLOCATION, BIOMARKERS, 16s rRNA, POLYMERASE CHAIN REACTION
The aim is to determine the diagnostic and prognostic significance of bacterial translocation as a predictor of the complications development in patients with acute bowel obstruction of tumor origin by assessing the relationship of LBP, sCD-14 in the systemic circulation with the detection of microorganism genes in mesenteric lymph nodes.
In 2021, the final stage of research was completed, the purpose of which was to collect the biological material and conduct immunological and molecular genetic studies to detect bacterial translocation in the systemic circulation and mesenteric lymph nodes in operated colorectal cancer patients with and without acute bowel obstruction.
Research methods: enzyme immunoassay of bacterial translocation’s biomarkers; molecular genetic study of bacterial DNA in mesenteric lymph nodes.
Obtained results and novelty: 
· the detection of translocation in the systemic circulation using biomarkers (sCD-14, LBP) in operated colorectal cancer patients with and without acute bowel obstruction  was performed;
· the methodology and a standard procedure for the detection of bacterial DNA using molecular genetic analysis in mesenteric lymph nodes were developed;
· the molecular genetic study was carried out for the detection of microbial DNA in mesenteric lymph nodes in operated colorectal cancer patients with and without acute bowel obstruction; 
· a comparative analysis of the characteristics of the course of bacterial translocation, as well as its relationship with the development of a systemic inflammatory reaction and infectious and inflammatory complications in operated colorectal cancer patients with and without acute bowel obstruction was conducted.
Degree of implementation - all stages of the Project have been implemented, a title of protection has been received (a certificate of entering information into the state register of rights to objects protected by copyright), and the method of detecting bacterial DNA in mesenteric lymph nodes was introduced in the LCU NRC NJSC "KMU".
Applications: medicine, medicine, surgery, immunology, molecular genetics.
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ABBREVIATIONS

In this RW report, the following abbreviations are used
16s rRNA - 16s ribosomal ribonucleic acid 
ABO - acute bowel obstruction
BT - bacterial translocation
CFU - colony forming unit
DNA - deoxyribonucleic acid
ELISA - enzyme-linked immunosorbent assay
LBP – lipopolysaccharide-binding protein 
MLN - mesenteric lymph nodes
NJSC “KMU” -  NON-PROFIT JOINT STOCK COMPANY "KARAGANDA MEDICAL UNIVERSITY" 
PCR - polymerase chain reaction
PaO2/FO2 - oxygenation index (partial pressure of oxygen in arterial blood/ fraction of inspired oxygen)
sCD14 – soluble CD14 (presepsin)
SIRS – systemic inflammatory response syndrome 
SOP - Standard Operating Procedure











INTRODUCTION
Acute bowel obstruction (ABO) accounts for 20% of all cases of acute surgical abdominal pathology. Despite modern approaches to the diagnosis and treatment of ABO, postoperative mortality ranges from 5 to 32%, and complications arise in 23% of cases [1,2,3]. One of the menacing infectious and inflammatory complications of ABO is sepsis. In ABO caused by colorectal cancer, sepsis occurs from 1.7 to 10.5% of cases [4,5,6,7]. Often in cases of ABO, sepsis is not always diagnosed, as there is no specific focus of infection, but there are signs of SIRS (systemic inflammatory response syndrome) and organ dysfunctions. The main component of the development of sepsis in ABO is bacterial translocation (BT) [8]. 
Bacterial translocation is the penetration of intestinal bacteria or their products through the intestinal mucosa into the mesenteric lymph nodes and then into usually sterile tissues and internal organs. For the first time, the alleged migration of bacteria from the intestine was described in 1881 by Dürvandiering [9], and the term "bacterial translocation" was first introduced by R.D. Berg and A.W. Garlington in 1979. The immune system of a healthy organism quickly reacts to the invasion of pathogenic microorganisms, thereby preventing their migration from the intestine into the systemic circulation [10]. Since critically ill patients are usually accompanied by systemic immune deficiency or immunosuppression, the immune system is unable to eliminate pathogenic bacteria, which leads to uncontrolled BT. In clinical practice, the study of the BT phenomenon is difficult, due to the impossibility of studying the material of various tissues and organs for bacteriological research, while this method has a low sensitivity and allows to determine mostly aerobic flora and can give false negative results. Therefore, other reliable and reliable markers of BT are needed, which can be searched for in this clinical study [11]. 
Today there are several methods for detecting BT: 
1. Direct method – the detection of 16s rRNA in mesenteric lymph nodes (MLN);
2. Indirect method - the detection of serum lipopolysaccharide-binding protein (LPS-binding protein or LBP) and presepsin (sCD-14).
Mesenteric lymph nodes and vessels are probably the most important pathway for bacteria to spread from the intestines to the blood and other organs. Lymphatic drainage in MLN occurs from the small intestine, cecum, and proximal colon. Since MLN is usually sterile, the presence of viable bacteria in them is a marker of increased permeability of the intestinal barrier and bacterial translocation [12,13].
LBP plays an important role in recognizing the main component of the bacteria outer cell wall - lipopolysaccharide (LPS). LBP sensitizes macrophage, monocyte and neutrophil receptors to LPS of bacteria, thereby activating the inflammatory signaling pathway [14,15]. A number of studies have shown that LBP is a reliable biomarker of microbial translocation and sepsis [16,17].
sCD-14 has a high affinity for the lipopolysaccharides of the cell walls of gram-negative bacteria and peptidoglycans of gram-positive bacteria [18,19]. Presepsin has been identified as a biomarker of the early phase of sepsis and its level is a significant prognostic factor in outcomes in patients with sepsis [20,21,22]. 
Based on the analysis of articles in the databases of Web of Science and Scopus, it can be said that the interest of researchers from different countries in the BT phenomenon is growing, as well as in the problem of ABO of tumor origin. When analyzing studies in databases of publications, it was found that more than 60% of the works were experimental, and most of the clinical studies were conducted in patients with HIV infection and cirrhosis. There are no studies on LBP, sCD-14, as biomarkers of BT in cases of ABO of tumor origin, their correlation with 16s rRNA in MLN, and their role in the development of SIRS and postoperative infectious and inflammatory complications caused by ABO. The questions of the diagnostic value of the proposed biomarkers remain open, their study in dynamics, as well as the relationship between direct and indirect markers of BT. These unresolved problems require further in-depth study, and therefore, in order to early diagnosis of infectious and inflammatory complications, it is necessary to study LBP, sCD-14 and 16sRNA as BT markers in patients with ABO of tumor origin, as well as in patients after elective surgery for colon tumors.
Scientific background on the research topic. The results of experimental studies on a model of acute bowel obstruction.
The object of the study was 162 sexually mature rats weighing from 180 to 220 g, on which mechanical and strangulated bowel obstruction were simulated. Rats with a model of mechanical bowel obstruction were divided into subgroups according to the observation period: 1 and 3 days, with a model of strangulation obstruction also divided into 2 subgroups: with a period of ABO/reperfusion: 60 min/1 hour and 60 min/2 hours, and also there was an intact group, for monitoring ongoing techniques. Surgical interventions were performed under general anesthesia; the animals were withdrawn from the experiment by bleeding in a state of anesthesia, in accordance with paragraph M3.13.1. Guidelines for Animal Euthanasia by the American Veterinary Medical Association [23].
The research group carried out modeling according to its own author's technique, which is characterized by simplicity and speed of execution, reproducibility, low cost and a high degree of survival of animals. The bacterial translocation was detected at different stages of bowel obstruction using various biomarkers by immunological and molecular genetic methods (including LBP and 16s rRNA).
During the study, the maximum incidence of microbial translocation was detected on the first day of obstruction. There were no statistically significant differences in the groups with strangulation and mechanical bowel obstruction, which can indicate a similarity of the pathological mechanisms of bowel obstruction, leading to the occurrence of bacterial translocation. The study evaluated the diagnostic significance of bacterial translocation biomarkers at different periods of mechanical and strangulation bowel obstruction. For example, LBP maximally increased in the early stages of mechanical bowel obstruction with a moderate decrease in dynamics by the third day of obstruction. With strangulation obstruction, an increase in the period of mesenteric blood flow recirculation naturally led to an increase in LBP.
In the process of the research work, a method of molecular genetic research of the blood of experimental animals was developed and tested. In mechanical bowel obstruction 60% of animals had positive results for the presence of bacterial DNA, in strangulation obstruction - 80%, and PCR results were negative for intact rats. This method for detecting bacterial translocation is sensitive to low concentrations of bacterial DNA in blood serum, which allows it to be used as a direct method for detecting microbial translocation.
The results of an experimental study became the basis for the creation of this project, for study the phenomenon of bacterial translocation in acute bowel obstruction of tumor origin and test hypotheses in clinical practice.
The aim and objectives of the research work of the final stage of 2021 were approved in accordance with the work schedule (Appendix A).
The aim is to determine the diagnostic and prognostic significance of bacterial translocation as a predictor of the complications development in patients with acute bowel obstruction of tumor origin by assessing the relationship of LBP, sCD-14 in the systemic circulation with the detection of microorganism genes in mesenteric lymph nodes.
Project objectives:
1. Compare the level and dynamics of changes in the biomarkers of bacterial translocation (LBP, sCD-14) in the blood serum of patients after surgery for a colon tumors planned and complicated by ABO. - It is assumed that in patients with ABO, bacterial translocation rates will be higher due to an increase in intestinal permeability for bacteria in patients with ABO.
2. To determine the effect of clinical and morphological characteristics of a colon tumor on the frequency of bacterial translocation development. - It is assumed that in patients with later stages of the oncological process, the frequency of bacterial translocation will be higher.
3. To evaluate the clinical and laboratory parameters of patients after surgery for colon tumors, depending on the presence of bacterial translocation and SIRS. - In patients with higher levels of bacterial translocation markers, the incidence of a systemic inflammatory reaction and infectious inflammatory complications will be higher.
4. To identify the correlation between 16s rRNA in MLN and LBP, sCD-14 in blood serum. - It is assumed that indirect markers of bacterial translocation will correlate with the presence of microbial DNA in mesenteric lymph nodes, which will indicate the possibility of their use in the early diagnosis of infectious and inflammatory complications.
Scientific novelty: 
Based on changes in BT biomarkers in the blood serum, it’s suggested that patients with researched pathology can be stratified according to the risk level of developing infectious and inflammatory complications. It will be possible to take preventive measures to reduce the frequency and severity of these complications and mortality. This method will be a reliable, quick and less expensive, without need for invasive collection of MLN and detection of 16s rRNA. It will be possible to revise the criteria for the diagnosis “sepsis” in these patients: a high level of BT biomarkers, the presence of SIRS and organ dysfunction, will allow early diagnosis of sepsis even without an obvious focus of infection.
Practical significance: 
- on the basis of the data obtained, adjustments will be made to the already known pathogenetic mechanisms of the development of infectious and inflammatory complications in operated colorectal cancer patients with and without acute bowel obstruction;
- by the change in the level of markers in the blood serum in dynamics, it will be possible to assume a higher risk of infectious and inflammatory complications after surgery in this category of patients;
- the developed methods of molecular genetic research have been introduced into the list of methods of the Laboratory for Collective Use of the Research Center of NJSC "MUK" (Appendix B);
- standard operating procedures and research methods using RBL technology (research-based learning) will be introduced into the educational process.
Based on the results of the RW, 2 publications of scientific works were made (Appendix C): 1 publication in a journal indexed in the Scopus database with a percentile of 54% (Q2), 1 publication in a peer-reviewed national journal recommended by CQES. An interim report on the topic of RW has been submitted ИРН№ AP08956335-OT-20 (Inv. № 0220РК01534). 




MAIN PART
1. Study of bacterial translocation in acute bowel obstruction of tumor origin
Today, there are several factors that can contribute to BT from the intestines:
a) disturbances in the composition of normal intestinal microflora and excessive bacterial growth;
b) a decrease in the secretion of bile;
c) immunity disorders;
d) circulatory hypoxia of the intestinal wall and violation of antioxidant protection;
e) violation of the barrier function of the intestinal mucosa.
According to the latest data, it turned out that in patients with various diseases (acute pancreatitis, severe trauma, burns, extensive surgical interventions), the composition of the intestinal microflora has changed, characterized by a decrease in the number of commensal bacteria and an excessive growth of pathogenic microorganisms, including Escherichia coli, Pseudomonas spp., Klebsiella spp., Clostridium difficile and vancomycin-resistant enterococcus [24-26]. Van Praagh et al. in operated colorectal cancer patients, confirmed that anastomotic leak and the resulting inflammatory reactions were associated with a decrease in the amount of normal microbiota and an excessive growth of pathogenic bacteria [27]. Some authors have associated dysbiosis with the occurrence of severe complications in critical conditions, including sepsis, multiple organ failure, and even death [28-29].
In obstructive jaundice, a decrease in bile secretion leads to disturbances in the reticuloendothelial system [30], disrupts the activation of macrophages, [31], promotes excessive bacterial growth, and also leads to architectural and functional changes in the intestinal mucosa [32], thereby increasing the permeability of the intestinal barrier. 
In immunocompetent people, pathogenic microorganisms, after passing through the mucous and epithelial barriers of the intestine, entering the MLN are recognized and neutralized by macrophages [33], while pro-inflammatory cytokines are not produced and thus an inflammatory response is not induced. Since critically ill patients are usually accompanied by systemic immunodeficiency or immunosuppression, innate immune mechanisms are not able to destroy pathogenic microorganisms, therefore, immunity disorders can lead to increased BT [34].
Disturbances of microcirculation of the intestinal mucosa lead to hypoperfusion, edema of the mucous membrane, its ischemia, an increase in free oxygen radicals, destroying the cytoskeleton of the mucous membrane and contributing to the disruption of the integrity of the intestinal barrier and subsequent BT [35].
In colon tumors, a violation of the intestinal barrier occurs at the site of growth of the tumor itself, because the tumor causes dysplasia of the epithelium, and above the obstruction due to disturbances in the microcirculation of the intestinal wall, its ischemia and hypoxia. M. Schietroma et al. [35] after resection of the large intestine for colorectal cancer confirmed increased permeability of the intestinal wall and a significant increase in endotoxemia already on the first postoperative day, which subsequently correlated with the development of sepsis. Other scientists have found that BT into the mesenteric lymph nodes occurs in 65% of patients with colon cancer, with a predominance in patients with stage III and IV cancer [36]. Today, a number of researchers believe that BT is a trigger for the onset and intensification of SIRS, which can lead to sepsis and multiple organ failure [37].
Detection of bacterial translocation in the systemic circulation using enzyme-linked immunosorbent assay is an indirect indicator of bacterial translocation. Several studies have shown that LBP levels are long-term detectable in serum after bacteremia, and it is a relatively reliable marker for the diagnosis of BT [16,17], and sCD14 has been identified as a biomarker of the early phase of sepsis and its level is a significant predictor of sepsis patient outcomes [20-22].
To date, a promising method for studying bacterial translocation in ABO is the determination of microbial 16s rRNA in MLN using polymerase chain reaction (PCR). The 16s rRNA gene contains hypervariable regions unique to each microorganism and "strict" regions common to all bacteria. There are universal primers that bind to the known common gene sequences of most bacteria [38]. Schoeffel et al. in the BT study in patients with adenocarcinoma of the cecum, compared several methods of BT detection, including the MLN culture and the determination of 16S rRNA in MLN. This study showed that several microorganisms can simultaneously translocate into the mesenteric lymph nodes, as well as in one patient with a negative MLN culture , there were positive PCR results. This confirms that not all bacteria are detected by microbiological methods [39].



2  Materials and methods
2.1 Study design
Research work was carried out on the basis of the Laboratory for collective use of the research center at NJSC "KMU", as well as on the basis of the "Multidisciplinary hospital №3 of Karaganda" (oncological center).
		The study design is shown in Figure 1.[image: E:\User\Desktop\ы.png]
Figure 1 - Study design

Inclusion criteria: patients who undergo planned surgery for a colon tumor, patients with ABO of a tumor origin older than 18 years.
Exclusion criteria: age younger than 18 years, pregnant women, patients with paralytic ABO or ABO of non-tumor origin, patients with HIV infection, cirrhosis of the liver, as well as if the patient has an infection process due to another pathology.
As clinical and laboratory parameters in patients, postoperative infectious and inflammatory complications (clinical component), as well as such laboratory parameters necessary for setting SIRS, assessing organ dysfunctions on the SOFA scale were assessed (Table 1).
SIRS was the case when at least two of the following criteria were met:
· Body temperature ≥ 38 ° C (febrile temperature) or ≤ 36 ° C (hypothermia)
· Heart rate ≥ 90 / min (tachycardia)
· Tachypnea: respiratory rate ≥ 20 / min
· Leukocytosis (≥ 12000 / μl) or leukopenia (≤ 4000 / μl) or shift of the leukocyte count to the left.

Table 1 - Assessment of organ dysfunctions according to the SOFA scale [40]
	Number of points
	0
	1
	2
	3
	4

	Breath,
PaO2/FiO2, mm Hg
	> 400
	<400
	<300
	<200 with respiratory support
	<100 with respiratory support

	Coagulation, platelets,  х109/l
	>150
	<150
	<100
	<50
	<20

	Liver, bilirubin, μmol/l
	<20
	20-32
	33-101
	102-204
	> 204

	Cardiovascular system, hypotension
	Average BP >70 mm Hg
	Average BP <70 mm Hg
	Dopamine ≤5 mcg/kg/min or dobutamine (any dose)
	Dopamine >5, or epinephrine ≤0,1, or norepinefrine ≤0,1 mcg/kg/min
	Dopamine >15, or epinephrine >0,1, or norepinefrine >0,1 mcg/kg/min

	CNS, Glasgow Coma Scale (points)
	15
	13-14
	10-12
	6-9
	<6

	Kidney, creatinine, μmol/L or urine output
	< 110
	110-170
	171-299
	300-440 or urine output less than 500 ml/day
	> 440 or urine output less than 200 ml/day




		This study was approved by the Bioethics Committee of the NJSC "KMU" (Protocol No. 16 of June 19, 2020) and complies with the guidelines of the Declaration of Helsinki. Before taking the biological material, all patients of the study were explained the objectives of the study, after which the patients signed an informed consent to participate in the study.

2.2 Research methods
2.2.1 The collection, transportation and storage of venous blood for the enzyme immunoassay were carried out according to the developed SOP "Collection, transportation and storage of venous blood for LBP and sCD14-ST studies by ELISA" (Appendix D). 
2.2.2 For ELISA, blood serum is required, therefore, the biological material under study (venous blood) was centrifuged for 20 minutes at 1000 x g and it was made sure that the gel completely separates the serum from the clot, forming a dense barrier (Figure 2).
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Figure 2 - Centrifuged vacutainer with biomaterial for ELISA

We studied the following btomarkers of bacterial translocation: lipopolysaccharide-binding protein (LPS-binding protein or LBP) and presepsin (sCD14), for the detection of which we used the following commercial kits for human blood with microplates:
- ELISA Kit for Presepsin (sCD14-ST, Human) 
- ELISA Kit for Lipopolysaccharide Binding Protein (LBP, Human).
The method for determining markers in blood serum was carried out according to the manufacturer's instructions:
1.	During thawing of frozen serum samples to room temperature, eight dilutions of the control standard (included in the kit) were prepared in microcentrifuge tubes depending on the concentration (from 0 to 200 ng / ml) to calibrate the results.
2.	For determination of LBP levels only, sample serum was diluted 500 times (10 μl serum and 490 μl PBS solution).
3.	Before working with the microplate, a protocol was filled out, where each sample and standards were distributed among the wells so as not to confuse the results of the samples.
4.	In the wells of the microplate, coated with biotinylated antibodies specific to the studying markers, 100 μL of samples of the studied serum were placed and in separate wells, 100 μL of the obtained standard dilutions. Then was incubated for 1 hour at 370С.
5.	Then all the liquid was removed without washing, 100 μl of Detection reagent A (avidin conjugated with horseradish peroxidase) was added and incubated for 1 hour at 370С.
6.	Then, the wells were washed three times in the Evolis ELISA robotic system from BioRad (Figure 3), then 100 μL of Detection reagent B was added and incubated for 30 min at 370С.
[image: E:\User\Downloads\1626009795525.jpg]
Figure 3 - ELISA robotic system Evolis from BioRad

7.	After incubation, the wells were washed again in the Evolis system (five times) and 90 μl of a TMB substrate solution (Substrate solution) was added and incubated for 10-20 min at 37 ° C, while only those wells containing the studied markers changed color depending on the concentration of the marker in serum.
8.	After incubation, 50 μL of Stop Solution was added and the wells that changed their color, again changed to yellow (Figure 4). 
[image: E:\User\Downloads\1626009425380.jpg]
Figure 4 - Microplate for ELISA. Wells containing test markers changed color to yellow depending on the serum concentration of the marker

9.	These color changes were measured spectrophotometrically in an Evolis system at a wavelength of 450 nm ± 10 nm, where the concentration of markers in the test samples was determined by comparing the optical density of the samples with standard calibration samples.
The evaluation of the result is carried out after the expiration of the study time specified in the analysis protocols, with saving as files in the memory of the server of the robotic system.
2.2.3 The collection, transportation and storage of mesenteric lymph nodes (Figure 5) for molecular genetic analysis was carried out according to the developed SOP "Collection, transportation and storage of mesenteric lymph nodes for the study of 16sRNA by PCR" (Appendix D).  
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Figure 5 - Sampling of the mesenteric lymph node

Molecular genetic detection of microorganisms in the lymph nodes of patients was carried out using real-time PCR on a BIO-RAD CFX96 amplifier (Figure 6). 

[image: E:\User\Desktop\Без имени.png]
Figure 6 - Amplifier BIO-RAD CFX96

To isolate DNA from MLN samples, a GeneJET Genomic DNA Purification Kit was used. To simulate the translocation of microorganisms in MLN, a suspension of laboratory avirulent Escherichia coli GFP 6 serotype biotype 1 (ATCC® 25922GFP ™) with CFU values from 108 to 102 was added to the obtained samples of lymph nodes (up to 20 mg).
At this stage, MLN samples (up to 20 mg) with an added suspension of bacteria with CFU from 108 to 102, as well as MLN without the addition of a material suspension, were homogenized to reduce the lysis time and placed in microcentrifuge tubes with the addition of 180 μL Digestion Solution and 20 μL Proteinase solution K, thoroughly shaking on a vortex, then incubated at 56 ° C until the tissues are completely lysed (on average, it takes up to 3-4 hours), periodically shaking on a vortex. 
In order to destroy RNA, 20 μl of RNase A solution was added, followed by incubation for 10 minutes at room temperature. 
To the resulting mixture were added 200 μl of lysis solution and 400 μl of 50% ethanol. After each stage, the sample was thoroughly mixed on a vortex. The prepared mixture was transferred to special spin columns with a collection tube and centrifuged for 1 min at 6000 x g. After each centrifugation, the spin column was placed in a new collection tube. Then the samples were washed with 500 μl of wash buffer I and 500 μl of wash buffer II with centrifugation after each addition. Before the addition of 200 μL of elution buffer, the spin column was placed in a sterile microcentrifuge tube, followed by incubation for 2 min at room temperature and centrifugation for 1 min at 8000 x g. 
The resulting DNA was immediately used for real-time PCR.
At the next stage, for amplification from the isolated DNA, a reaction mixture was prepared (the number and name of the components of which are indicated in Table 2). 

Table 2 - Components of the reaction mixture for the amplification stage
	Component
	Required volume

	Nuclease free water
	4 mkL

	Master Mix Maxima SYBR Green
	10 mkL

	Primer U16SRT-F 
FACTCCTACGGGAGGCAGCAGT
	1 mkL

	Primer U16SRT-R
TATTACCGCGGCTGCTGGC
	1 mkL

	Tested DNA sample 
	4 mkL



A sample without bacterial DNA was used as a negative control. As a positive control, we used a DNA sample of a laboratory avirulent Escherichia coli GFP 6 serotype biotype 1 (ATCC® 25922GFP™). 
Then the microcentrifuge tubes were loaded into the plate of the BIO-RAD CFX96 thermocycler. Amplification was carried out with the following parameters: denaturation at 95°C for 10 minutes; "Annealing" and elongation - 40 cycles at 95 ° C for 15 seconds and at 62 ° C for 60 seconds. The detection of the results was carried out according to the value of the threshold cycle of the amplification curve.
2.2.4 	Processing of the obtained results by statistical methods will be carried out by the IBM SPSS Statistics 20.0 program, with calculation for each biomarker indicator of mean (M), standard deviation (SD) and interquartile range (IQR). Testing of statistical hypotheses for dependent groups (between marker values before and after surgery on the 1st and 3rd day in each of the groups) will be carried out using the nonparametric Wilcoxon T-test. For 2 independent groups, statistical hypotheses will be tested using the nonparametric Mann - Whitney U-test. To identify the correlation relationship, the Spearman correlation coefficient will be calculated. Moreover, α = 0.05, 1-β = 80%. Results at p <0.05 will be considered statistically significant.



3 Research results
3.1 Characteristics of the patients
50 operated colorectal cancer patients (21 men and 29 women aged 38–89 years) took part in the study. The average age was 65.7 ± 12.4 years (IQR 60-75 years). All patient characteristics are presented in Table 3.

Table 3 - Basic characteristics of the studied patients
	Characteristic
	Number (n, %)

	Age
	65,7±12,4 года (IQR 60-75 years)

	Gender

	Male
	21 (42%)

	Female
	29 (58%)

	Cancer staging

	I
	7  (14%)

	II
	23  (46%)

	III
	12 (24%)

	IV
	8  (16%)

	Localization of the tumor
	

	Rectum
	7 (14%)

	Rectosigmoid junction
	4 (8%)

	Sigmoid colon
	20 (40%)

	Colon
	14 (28%)

	Cecum
	5 (10%)

	SIRS

	Absence
	13 (52%) without ABO and 17 (68%) with ABO

	Presence
	12 (48%) without ABO and 8 (32%) with ABO

	Complications

	Absence
	18 (72%) without ABO and 17 (68%) with ABO

	Presence
	7 (28%) without ABO and 8 (32%) with ABO

	Wound suppuration
	1

	Anastomotic leak
	8

	Abdominal abscesses
	6

	Peritonitis
	6

	Sepsis
	5



The most common postoperative complication was anastomotic leakage (8 patients, 16%). Five patients had a combination of several complications, mainly anastomotic leakage and abdominal abscesses. Only in 4 patients developed sepsis (8%) - three in the group with ABO and two without ABO. There was no difference between the incidence of complications in patients with ABO and without it (32% and 28%, respectively). 




3.2 Results of immunological studies of biomarkers
The study of markers was carried out using special commercial ELISA kits for human blood. Comparison of the level of biomarkers in the experimental and control groups is presented in Table 4. 

Table 4 - Comparison of the level of biomarkers of bacterial translocation in operated colorectal cancer patients with and without acute bowel obstruction
	Markers
	Indicators
	Groups

	
	
	Operated colorectal cancer patients with acute bowel obstruction
	Operated colorectal cancer patients without acute bowel obstruction

	
	
	One hour before surgery
	72 hours after surgery
	One hour before surgery
	72 hours after surgery

	LBP ng/mL
	N
	25
	25

	
	M
	963,8
	808,8 
	879,8 
	766,5

	
	SD
	195,2
	208,4
	221,8
	159,4

	
	IQR
	810,7-1044,1
	644,9-1031,8
	749,3-1028,8
	669,5-847,6

	sCD-14 pg/mL
	N
	25
	25

	
	M
	322,9
	373,4
	236,0
	238,6

	
	SD
	123,9
	151,7
	71,6
	97,0

	
	IQR
	194,4-393,3
	229,8-499,4
	198,9-265,2
	167,9-269,6



In both groups, the average LBP level significantly decreased in 72 hours after surgery (p = 0.004 in the group without ABO and p = 0.023 with ABO). There were no statistical differences between LBP levels before and after surgery between the two study groups (p = 0.122). A decrease in LBP levels of more than 280 ng / ml increases the development of SIRS (OR 6.6, 95% CI: 1.1-40.9). In patients with ABO and SIRS, the LBP value decreased significantly more than in patients with ABO and without SIRS (p = 0.046). There were no statistical differences between changes in the dynamics of the LBP level depending on the presence of postoperative complications (p = 0.532). A decrease in LBP levels of more than 280 ng / ml was found to increase the development of complications in operated CRC patients (OR 12.0, 95% CI: 1.8-80.4). 
It can be assumed that the decrease in the LBP level over time may be associated with the normalization of intra-abdominal pressure, elimination of obstruction and removal of the tumor itself, which together caused BT. One study showed that the presence of low endotoxin (LPS) levels in patients with chronic disease promotes a persistent state of mild inflammation that interferes with the normal healing process [40], which may explain the high incidence of postoperative complications in these patients. Also, a decrease in the LBP level in operated colorectal cancer patients is possible due to immunodeficiency and inability of an adequate immune response to infectious stimuli, which can lead to a poor prognosis (SIRS and infectious-inflammatory complications).
The mean sCD-14 level was significantly higher in patients with ABO both before and after surgery (p = 0.038 and p = 0.007). It was also found that the average level of sCD14 before surgery above 330 pg / ml increases the development of SIRS and complications in these patients (OR 7.0, 95% CI: 1.3-36.7 and OR 5.5, 95% CI: 1.1-28.2 respectively). Differentiation of patients with or without organ dysfunction depending on the SOFA scale showed a statistical difference in sCD-14 levels 72 hours after surgery (p = 0.049). In the general cohort of patients without organ dysfunction (SOFA score = 0), the sCD-14 value was 260.6 ± 100.3 pg / ml (IQR 194.4-298.3) before surgery and 271.5 ± 118.5 pg / ml (IQR 176.8-360.1) after it. In patients with organ dysfunction 343.6 ± 108.7 pg / ml (IQR 269.6-417.6) and 447.5 ± 189.1 pg / ml (IQR 298.3-596.6), respectively.
There were no differences in the level of sCD14 and LBP before surgery and on the 3rd day after it, depending on the stage of the tumor process (p = 0.23, p = 0.52, p = 0.49 and p = 0.75, respectively).
It can be assumed that the presence of ABO on admission aggravates the violation of the permeability of the intestinal wall and causes the penetration of bacteria and their endotoxins into the systemic circulation, enhancing the immune response and causing SIRS and subsequent infectious and inflammatory complications.

3.3 Results of molecular genetic research
To calibrate and simulate the translocation of microorganisms in MLN, a suspension of laboratory avirulent strain Escherichia coli GFP 6 serotype biotype 1 (ATCC® 25922GFP ™) with CFU values from 108 to 102 was added to the obtained samples of lymph nodes (up to 20 mg). 
After the stages of DNA extraction and amplification, the detection of the results was carried out according to the value of the threshold cycle of the amplification curve (Figures 7 and 8). An increase in the level of fluorescence was observed at 17-28 cycles for CFU 108-102, respectively. The amplification curves of the positive control and MLN samples differ, which is associated with the presence of elements inhibiting the amplification of DNA, in contrast to the pure culture diluted in saline.

[image: ]
Figure 7 - Graphs of amplification of the tested samples

In order to determine the accumulation of a specific product and to further study the amplicons, the "melt curve" were plotted with a stepwise change in temperature.
[image: ]
Figure 8 - Melting curves in the tested samples

According to the "melt curve" analysis, the melting temperature was 82°C  for all amplicons, which characterizes the accumulation of a specific product. The height of the melting curves corresponded to the concentration of microorganisms in the samples and increased in direct proportion. 
The proposed experiment has shown that the real-time PCR method can be used for the detection of microorganisms in MLN. According to the data obtained, the level of CFU / ml in MLN during bacterial translocation does not exceed 102.
A positive PCR result was obtained in the group with acute bowel obstruction in 11 of 25 samples (44%). In the group of patients without acute bowel obstruction, in all 25 samples a negative result was obtained, which was a statistically significant difference in the groups (Fisher's exact test p = 0.00012). Which suggests that with ABO of tumor origin, BT into the mesenteric lymph nodes is more likely than in parients with colorectal cancer without ABO. 

3.4 The relationship between direct and indirect markers of bacterial translocation
Spearman's correlation coefficient was calculated to reveal the correlation between sCD14, LBP and 16s rRNA. At the same time, only a weak positive correlation was found between LBP levels before surgery and sCD14-ST levels on the 3rd day after surgery (p = 0.0284; r = 0.343). No correlation was found between 16s rRNA in mesenteric lymph nodes and markers of bacterial translocation in blood serum (p = 0.268 and p = 0.144, respectively).

	CONCLUSION	

In this research work:
-  standard procedures have been developed for the collection, transportation and storage of the investigated biological material for immunological and molecular genetic research;
- a technique for molecular genetic study of mesenteric lymph nodes has been developed and tested, which makes it possible to use this technique as a direct method for detecting bacterial translocation;
- an immunological analysis of biomarkers of bacterial translocation (LBP, sCD14) in the blood serum of operated colorectal cancer patients with and without acute bowel obstruction was carried out. 
It was found that the level of sCD14-ST in patients with acute bowel obstruction was much higher than in patients without acute bowel obstruction. Also, the LBP level in operated patients in both groups tends to decrease on the 3rd day after surgery. There were no differences in the level of sCD14 and LBP before surgery and on the third day after it, depending on the stage of the tumor process (p = 0.23, p = 0.52, p = 0.49 and p = 0.75, respectively). Higher preoperative sCD14-ST levels increase the development of postoperative complications, systemic inflammatory response, and organ dysfunction, making it a viable option as a diagnostic biomarker. A stronger decrease in LBP levels increases the development of a systemic inflammatory response and postoperative infectious and inflammatory complications;
Molecular genetic detection of bacterial DNA in mesenteric lymph nodes was carried out using real-time PCR technology. The developed method allows the qualitative determination of microbial DNA in MLN in a wide range of its concentrations. It was found that the proposed method is sensitive when the number of CFU bacteria is up to 102. Only a weak positive correlation was found between LBP levels before surgery and sCD14-ST levels on the 3rd day after surgery (p = 0.0284; r = 0.343). No correlation was found between 16s rRNA in mesenteric lymph nodes and markers of bacterial translocation in blood serum (p = 0.268 and p = 0.144, respectively).
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Project implementation plan
	№ 
	Name of tasks and activities for their implementation
	Start of execution (dd / mm / yy)
	Expected results of the project (in terms of tasks and activities), completion form

	
	
	
	2020 year
	2021 year

	1
	2
	4
	6
	7

	1
	Drawing up contracts with suppliers and purchasing the necessary tools, equipment, reagents
	October 2020 –December 2020
	Contracts with suppliers will be drawn up and the necessary tools, equipment, reagents purchased
	

	2
	Development of SOPs and construction of an algorithm for conducting research with fixing the role of each researcher
	October 2020 –December 2020
	SOPs will be developed and a research algorithm will be built with the role of each researcher fixed
	

	3
	Material sampling (venous blood and mesenteric lymph nodes) for determining biomarkers of bacterial translocation
	November 2020 - April 2021

	Material sampling (venous blood and mesenteric lymph nodes) will be carried out to determine bacterial biomarkers
	Material sampling (venous blood and mesenteric lymph nodes) will be carried out to determine bacterial biomarkers

	4

	Laboratory studies for the detection of microbial translocation in the biomaterial
	January 2021 - May 2021

	
	Laboratory studies will be conducted to detect microbial translocation in the resulting biomaterial

	5

	Statistical analysis and interpretation of results
	May 2021

	
	Obtaining a statistical assessment of the significance of differences in comparison groups

	6
	Analysis of the results, assessment of differences in comparison groups, the effectiveness of the use of applied research methods
	May 2021
	
	Establishment of possible reasons for the significance of differences in comparison groups, formulation of conclusions on tasks

	7
	Writing Scientific Papers
	April 2021 - August 2021
	
	Publications according to the requirements of the tender documentation

	8
	Report preparation and submission
	September 2021 - 1 November 2021
	
	Report submission


APPENDIX B
Act of implementation
[image: E:\User\Desktop\грант 12 месяцев\ррр.png]
APPENDIX C
List of publications
1 Alina Ogizbayeva , Yermek Turgunov. Bacterial translocation in colorectal cancer patients. J CLIN MED KAZ, Volume 18, Issue 3, pp. 8-13.  https://doi.org/10.23950/jcmk/10926 (recommended by CQES).
2 Yermek Turgunov, Alina Ogizbayeva, Lyudmila Akhmaltdinova,  Kayrat Shakeyev. Lipopolysaccharide-binding protein as a risk factor for development of infectious and inflammatory postsurgical complications  in colorectal cancer patients  // Contemp oncol (Pozn). – 2021. – V. 25 (3). – P. 198-203. DOI: https://doi.org/10.5114/wo.2021.110051 (Scopus - Q2, 54%).
3 Ogizbayeva A.V., Kadyrova I.A., Turgunov Y.M., Shakeyev K.T., Kolesnichenko S.I., Savazova K.S.Certificate of entering information into the state register of rights to objects protected by copyright No 19250 dated July 8, 2021 "Detection of microorganisms in mesenteric lymph nodes by the molecular genetic method in patients with colorectal cancer" (a work of science). (Огизбаева А. В., Кадырова И. А., Тургунов Е. М., Шакеев К. Т., Колесниченко С. И., Савазова К. С. Свидетельство о внесение сведений в государственный реестр прав на объекты, охраняемые авторским правом No 19250 от «8» июля 2021 года «Детекция микроорганизмов в мезентериальных лимфатических узлах молекулярно-генетическим методом у пациентов с колоректальным раком» (произведение науки)).
















APPENDIX D
Standard operating procedures
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VTBEPXJIEHO

3ACEJIAHUEM KOMHUTETA

CTAHJIAPT OTEPALIMOHHOM TPOLIE/TY PbI

«3ab0p. TPAHCNOPTHPOBKA M XpaHeHHe BEHO3HOIH KpoBH i uccienorannsa LBP u sCD14-ST metoaom

HDA»

Llean: 3a60p. TPAHCNOPTHPOBKA M XPAHEHHE BEHO3HOH KPOBH Y MALMEHTOB JUld uccnenosanus LBP 1

sCD14-ST metonom UDA.

Pecypent

AJTOPHTM NeHCTBHI

- MEHLIMHCKHE NEPUATKH;

- MEMLHHCKHH XKIyT:

- WINPHLbI OTHOPa30BbIe (00BEMOM 5 MIT);

- BaKyTeiliHepbl 00beMOM 5 M1 (NpoGHpKH ¢
JKETTOH KPHILIKOH C 103HPOBAaHHBIM
OTPHLIATE/IbHBIM 1aBICHHEM, COIEPKALLHE
aKTHBATOP CBEPTHIBAHHA H re/IEBbIH pasenuTelb
CBIBOPOTKH):

- WUITATHBbI TUIACTHKOBBIE WK META/IHYECKHE U1
pa3meLleHHs NpodHPOK ¢ obpasLamu
©Buonornueckoro Martepuana;

- pacTBop 3THI0BOrO cnupta 70%:;

- IAPHKH CTEPHIIbHbIE;

- OMHT HecTepHIbHbIH

- BaKTepHULIMAHBIA M1aCThIPD;

- KOHTEHHEP C OX1aKIAI0LIMMH 3JIEMEHTAMH WK
TEPMOC CO JILIOM;

- ueHTpudyra ¢ 6aker-poTopom (poTop ¢
KaYaloIMMHCA CTaKaHaMH)

- XOJON/bHBIE KAMEPBI C TEMINEPATYPHbIM
pesumom ot -20° C po -80° C.

3abop kposu:

. Monyunts nHdopmMUpoBaHHOE cornacue Ha

NpoBe/IeHHE MPOLIELYPbI.

. Ha npo6upke Hanucate ®.U.O. naunenTa, naty

3abopa KpOBH.

. BbIMBITH pyKH NPOTOYHOH BOIOH C MBLIOM,

coepKallnM aHTHeenTHK. O6paboTaTs KoKy
PYK @HTHCENTHKOM Ha CIMPTOBOH OCHOBE
COrJIACHO METOIMYECKHM PEKOMEHIALIHAM N0
00paboTke pyK COTPYIHHKOB MEIHLIMHCKHX
oprauusauuii PK, Hanetb cTepuibHble
nepyaTKH.

. [oanoxuThb noa JI0KOTh nauMeHTy KJI€eHYaThIH

BA/IMK, HAJIOKHTb PE3HHOBBIH XKryT Ha 10 cm
BbilLIE MECTA BEHEMyHKUMH (He Gonee uem Ha |
MHHYTY), IPE/UIOKHTb NALMEHTY CXKATh Ky/aK.

. TponanbnupoBaTh BeHy, ONPENEIHTL MECTO

BEHEMYHKUHH.

. OGpaboTaTh NepHaTKH NPOCTIHPTOBAHHBIM

LIAPHKOM HJIH PaCTBOPOM AHTHCENTHKA.

. TNocnenosarenbho oGpabotarth MecTo

BEHEIyHKLHH IBYMA IPOCNHPTOBAHHBIMH
CTEPHIIBHBIMH WIAPHKAMH. JIBHXKeHHS
HEOTPBIBHBIE KPYTOBBIE «OT LIEHTPa K
nepudepuny. lnamerp oGpabarbiaeMoit 30HbI
10 cM nepBbIM LWAPHKOM, 3aTeM
HENOCPE/ICTBEHHO MECTO NMYHKLHH BTOPbIM
LIAPHKOM.

. 3aukeHpoBaTh BeHy GobLIMM NanbUem NeBO#H

PYKH, BBECTH HIJy B BEHY CPe30OM BBEpX,
0cnabuTh XKryT W HaGpaTh B WINPHLL S MA
BEHO3HOH KPOBH.

. M3sneub uray, 0AHOBPEMEHHO NpHKHMas K

MeCTy BEHENyHKLMH CYXOii CTEPHIbHBIA LAPHK
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110 nipekpatienus kpooteuenus. [locne
00pa3oBaHMsl CIyCTKA HAJIOXKWUTL Ha MECTO
BEHEMYHKLMH MOBS3KY NHG0 GakTepULIMAHBIH
M1acThiph

10. 3anoauuTe npodbupKy 10 HEOGXOAUMOTO
obbema. AKKypaTHO repeBepHyTh npobHpKy,
PaBHOMEPHOTO MepeMelIMBaHms ¢
HarnosnHuTenem 5-6 pas.

11.BakyTeiinepbl ¢ 3a0paHHOi KPOBBIO MOMECTHTD
B IITATHB B X0J0AMIbHUK (+4°C - +8°C) no
MOMEHTA TPAHCHOPTHPOBKH (MAKCHMalbHbIM
CpOKOM 110 | CyTOK) W AasibHEHLIErO
HEeHTPHYrHpOBaHUS.

12.Ucnonb3oBatHbie WApHKH, HIJIbI BLIOPOCHTD B
KOpoOKy Ge30MmacHON yTHAW3ALMH 15
MeIMLUMHCKUX 0TX0/10B  Kiacca «b» (KBY).

13.CHustb nepyatk, Beiopocuth ux B KBY s
MEJIMLIMHCKHX OTXO/10B  KJ1acca «b», BHIMBITH
PYKH MPOTOYHOH BOIOH C MBIJIOM,
cozieprkaiim antucentuk. Iposectu
00paboTKy pyK COIJIACHO METOJMYECKHM
pekoMeHaLHsaM 110 06paboTke pyk
COTPYAHHKOB MEMLMHCKHX opranu3aumii PK.
TpancnoprHpoBKa GHomMaTepnaia:

1. TpaHcnopTUpOBKa MPOU3BOAMTCS B
CrieLMaIbHOM KOHTEHHEpE ¢ OXJIK1al0LMMH
2/IEMEHTAMH HJIH B TEPMOCE CO JIBJOM TMPH
Temneparype +2 - +8" C B Teuenne 6 yacos.
[TpoGupkH npu A0CTABKE JOJKHBI
pacrnosiaraTbCsi CTPOro BEPTHKAJILHO.
XpaHenue:

1. JloctaBiieHHbie 00pa3iibl OTUEHTPHDYTHPOBAThH
B Teyenue 20 munyT npu 1000 g. Yoenntbes,
YTO rellb NONHOCTBIO Pa3JIeNisieT ChIBOPOTKY OT
crycrtka, popMHpys TIIOTHBIH Gapbep.

2. IMonyyenHyto Npody CBEKENpPUrOTOBICHHOH
CbIBOPOTKH XPaHHTb NPH 20°C- -80°C, Bo
n3bexanue norepH GHONOrHYECKON
AKTHBHOCTH W 3arPA3HEHHMS.

3. HeoGx0anumo u3beratb NOBTOPHBIX LIMKJIOB
3aMOpaKHBaHUs / OTTAMBAHMS.

4. OGpasupl, KoTopble OYAYT HCMOAB30BATHCS B
TeueHue 5 e, BO3MOXKHO XpaHUTh Mpu +4°
C)
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YTBEPXJIEHO
3ACEJIAHUEM KOMMUTETA

1O BUODTUKE HAO «MYK»

CTAHJIAPT OTEPAIIMOHHOWM MPOLIE/Y PbI
«3660[‘. TpchnopTuponka H Xpancnue MC'&CHTCPMMN‘HX "HM(I)BTM“]CCKMX Y3108 [UTA UCClIEIOBAHWA
16sRNA metosiom TMTLP»
Hear: 3aGop, TpancnopTHpoBKa 1 Xpaneline MeIEHTEPHABHBIX TUM(ATHUECKHX Y3108 Y NalMEHTOB 1A
uccnenosanus 16sRNA meronom TP,

Pecypest ANTOpHTM JeHCTBHI J
- MEIMUMHCKHE NepYaTKH; 3abop mesenTepnaabnoro anmpaTHyeckoro
- CTEpHJIbHBIE BaKyTeHHepbl 00beMoM 9 Ma y3aa:
(npoGupkn ¢ Genoi kpbikoii Ge3 nanoaHuTens); 1. Jlo npoesienus 3a60pa HEOOXOAMMO MOAYHHTE

- IITATHBbI NJACTHKOBLIC HIIW METATHYECKHE IS
pasmellieHns npodbupok ¢ obpasuamu
6HONOTHYECKOrO MaTepHana; 2

- KOHTEHHEP ¢ OXJIK/IAIOIMMH YIeMEHTAMK WK
3abopa maTepuana.
TEPMOC €O JIb0M;

- XOJIOIM/IbHBIE KAMEPbI C TEMIIEPATYPHBIM B, 34668 MEREHISPHANBHELC auMboyanoe &

pesximon o1 -20° C 10 -80° C. BAKYTEHHEP NPOBOAMTCA B CTEPHIILHBIX
YCIOBHAX XHPYPrOM BO BPeMsi OfepaTHBHOIO
BMELIIATELCTBA MOCIE PE3EKIMM yacTKa
KMILKH W3 Opbikeikn Makponpenapara

4. Tlocne BakyTeiHep ¢ TMMBATHYECKUM Y3/IOM
HEOOXOIMMO HAMOIHHTH CTEPHIIbHBIM
(HH3HONOTHYECKHM PaCTBOPOM.

5. 3arem BaKyTeHHEpbI NOMECTHTD B IITATHB B
XOJI0ANABHUK (+4° - +8° C) 10 MoMenTa
TPAHCNIOPTHPOBKH (MAKCHMAbHBIM CPOKOM /10
12 uacos).

TpancnoprupoBka GHomatepuana:

1. TpancnopTrHpoBKa NpoM3BOANTCS B
CHELHAIbHOM KOHTEHHEPE ¢ OXTAKAAIOIMMH
SNEMEHTAMH HJIH B TEPMOCE CO JIbIOM NPH
temneparype +2° - +8° C B Teuenue 6 uacos.
[TpoGHpKH NpH 10CTaBKE N0IKHBI
PAcroNaraThCsi CTPOro BEPTHKANLHO.
Xpauenne:

. M3 kaxnoro pocrassentoro obpasia B
CTEPHIIbHBIX YCIIOBHSX B
MHKPOLEHTPHYKHYIO NpoOHpKY 0Gbemom 1,5
MJ OTAEANTb 20 MI' TKaHH JU1S NOCAeayoLei
skerpakumn JIHK. Marepuan (20 mr B
MHKPOLEHTPHDYIKHOH NPpoBHpKe H W
OCTABLUMIACA MATEPHAl B CTEPHIBLHOM
BakyTeiiHepe) 10 Hauana sbinenexms JIHK

MHHOPMHUPOBAHHOE COrNacHe Ha MpoBeaeHHe
npoueayphbl.
. Ha npo6upke nanucars ®.1.0. naumenra, aary

XPaHUTb NPH TEMNEpaType oT 20°C no -80°
(e

2. Heo6x0anMO n3berath MOBTOPHBIX LMKIOB
3aMOpaKHBaHHA / OTTanBaHMs.
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