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ABSTRACT
Report  35 pages, figures - 8, tables -0 , bibliography -40, application 2-  
Key words: oncogenes, natural killer cells, c-Kit protooncogen, c-Myc protooncogen, Notch1/2 signal molecules, tumor

Objects of research: The mechanism of natural killer cell’s defects in cancer patients

The goal of the Project: to determine expression and function of the proto-oncogene and their transcription signal ways in natural killer cells (NK) cells in cancer.

Obtained results and novelty

1. The analysis of the expression of the c-myc and c-kit proto-oncogenes in NK in healthy donors and cancer patients has been carried out. Comparative analysis revealed a significant difference between the expression of mRNA c-kit proto-oncogene in EK cells of the peripheral blood of healthy donors and cancer patients. The results showed a sharp decrease in the expression of mRNA c-kit in natural killer cells in cancer patients.
2. The expression of the c-myc protein in natural killer (NK) cells of peripheral blood in lung and gastric cancer was determined by flow cytometry. Comparative analysis showed that the expression of the c-myc protein is significantly lower in natural killer cells of cancer patients. 
3. Expression of Notch1 and Notch2 signaling molecules in natural killer cells (NLC) was detected in the blood of peripheral lung and gastric cancer patients. Comparative analysis showed that the expression of Notch1 and Notch2 signaling molecules is significantly lower in the natural killer cells in cancer patients. It turned out that all these reductions do not depend on the location of the tumor, the degree of exacerbation as well as c-kit and c-myc expression
The novelty of this work is that for the first time in the world the study of the expression of proto-oncogenes in immune cells, as well as their signaling pathways. At first time we have demonstrated a significantly decreased expression of c-kit and c-myc in NK cells isolated from patients with cancer, which might be related to the functional deficiency of NK cells in the tumor. Moreover, our study revealed a significant down-regulation of expression of Notch receptors in NK cells in cancer. 
Scope of application. There is a great need for this innovative project to determine the mechanism of pathogenesis of cancer associated with immune deficiency. And based on the results obtained, it will be possible to develop vaccines for targeted therapy
The work was performed according to the schedule.
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REFERENCES, SYMBOLS AND ABBREVIATIONS

Today such signs are formed and used.

C-r- cancer

NK – natural killer cells

CD – claster differentiation 

c-kit – proto-oncogen

c-myc – proto-oncogen

CD56 – surface marker of NK cells

Notch1/2 – signaling molecules
Dynabeads- paramagnetic polystyrene microparticles

DynaMag™-5 Magnet
Fetal Bovine Serum
Ficoll-Paque™ PLUS - synthetic polymer, sucrose and epichlorohydrin for Density gradient centrifugation, 
DNA

mRNA

Real-Time PCR (qRTPCR) quantitative polymerase chain reaction
MFI – mean fluorescence intensity
INTRODUCTION

The immune system has a tremendous capacity of defense mechanisms surveilling the appearance, development and progression of malignant tumors. The activity of such innate mechanisms for battling tumors in their earliest stages has been recently demonstrated using intravital imaging to track the fate of mouse skin epithelium burdened with varying numbers of activated Wnt/beta-catenin stem cells 
 ADDIN EN.CITE 

[1]
. The results revealed unanticipated plasticity of the adult skin epithelium when faced with mutational and non-mutational insult: oncogene-induced tissue aberrancies were all corrected with the active elimination of mutant cells 
 ADDIN EN.CITE 

[1]
. However, clinical and experimental data demonstrate that cancers can escape immunosurveillance and immune eradication by evolving a variety of pathophysiological mechanisms, which block, disable or polarized antitumor immunity. The development of the tumor immunoenvironment that supports tumor expansion, growth and progression (formation of metastasis) is a key mechanism of carcinogenesis; thus, its blocking or disruption is a key goal of modern biological therapeutics. 

Interestingly, simultaneous single-cell analysis of the lung cancer material, noninvolved lung tissue and blood cells has shown that the ‘initial’ and ‘terminal’ clinical stages of the disease do not really differ in their immunological characteristics 
 ADDIN EN.CITE 

[2]
. Multiple immune defects detected in the late-stage tumor lesions have also been revealed in stage I tumors. It is important to note that the observed pathoimmunological changes have been seen both in the tumor tissue and peripheral blood 
 ADDIN EN.CITE 

[2]
. Thus, it is conceivable to speculate that at least some of immune defects in cancer patients may develop independently of the stage of the tumor and that these defects are not likely the result of tumor growth. Analysis of quantitative differences in immune cell types between breast tissues from normal donors and those from women with benign breast disease who either subsequently developed cancer or remained cancer-free, revealed similar alterations of the immune system in the earliest stages of breast carcinogenesis 
 ADDIN EN.CITE 

[3]
. Similarly, investigation of spontaneous tumor in a genetically defined mouse model of pancreatic ductal adenocarcinoma demonstrated a prominent leukocytic infiltration even around the lowest grade preinvasive lesions with immunosuppressive cells dominated the early response and persisted through the invasive cancer 
 ADDIN EN.CITE 

[4]
. Moreover, effector T cells were scarce in preinvasive lesions, seen in only a subset of advanced cancers and displayed no evidence of activation. Thus, in contrast to the hypothesis that an early "elimination phase" of cancer immune surveillance is finally overwhelmed by a growing tumor, these and other data may suggest that the effective tumor immunity may be undermined from the very beginning. This unusual plasticity of the immune system may provide new tools and new avenue for characterization and understanding the role of immune cells and immune factors in formation of premalignant niches and successful survival of newly appeared neoplastic cells at specific locations. The incompletely understood dynamics of cancer immunosurveillance hampers efforts to develop highly efficient immunotherapy of cancer. 

Assuming that the defects in the immune system may, at least in certain cases, precede the appearance of cancer, we hypothesized that proto-oncogenes in immune cells may also be associated with immune defects in cancer
Proto-oncogenes are normal genes involved in cell differentiation, growth, proliferation and apoptosis, and when mutated or overexpressed can cause normal cells to become cancerous.[5] Tumor development and progression is associated with local and systemic immune suppression and dysregulation. Immune mechanisms play an integral role in the formation of tumor microenvironment, tumor growth and establishment of metastases. [6] The main cause of immune abnormalities in cancer is often attributed to the suppressive factors produced by tumor cells or tumor-polarized immune and stromal cells. The role of oncogenes and onco-suppressors is well appreciated and studied in tumor development; however, their role in immune cell defects during carcinogenesis and tumor growth and progression is not well understood. Proto-oncogenes have been evaluated primarily in cancerous and premalignant cells, in spite of the fact that they are expressed in almost all cell types, including cells of the immune system. There are only a few reports focusing on the immune-modulating mechanisms of oncogenes expressed in cancer cells, immune cells or in the tumor microenvironment.

NK cells play a key role in antitumor immunity by direct killing of malignant cells and releasing a number of cytokines that regulate both innate and adaptive immune responses. Normal NK cells display a strong cytotoxic activity, which, however, may be diminished during tumor development. In fact, profound impairment of NK cell activity has been demonstrated in cancer patients, including decreased cytotoxicity, defective expression of activating receptors or intracellular signaling molecules, overexpression of inhibitory receptors, defective proliferation, decreased tumor infiltration and defective cytokine production [7, 8]. Maturation defects of human NK cells in the peripheral blood of cancer patients and in the bone marrow in tumor-bearing mice model have also been shown [9, 10]. However, the intracellular mechanisms associated with abnormal NK cell functioning in cancer are not well characterized.
The c-Kit signaling pathway is pivotal for the survival, differentiation, maturation of NK cells. The defect of c-kit signaling pathway has been described in many tumors. As a member of the tyrosine kinase family, c-kit receptor signaling regulates expression of certain genes, modulates vital function of many cell populations and plays an important role in tumor occurrence, development and spreading. However, in spite of reported importance of c-kit signaling for NK cell function and frequent malfunction of this signaling pathway during tumor development, the analysis of с-kit expression in NK cells in cancer has not been yet carried out. 
The c-myc gene was identified based on the homology with the retroviral oncogene and the c-myc proto-oncogene was shown to be activated in many animal and human tumors [11]. The c-myc gene product, a transcription factor, regulates a variety of cellular processes involved in cell growth, proliferation, apoptosis as well as cellular metabolism [12]. C-myc is involved in IL-15 signaling pathway, which is critical for NK cell maturation and homeostasis [13]. In fact, it has been reported that the overexpression of c-Myc during NK cell development contributes to the overall transcription of multiple KIR (the killer cell immunoglobulin-like receptor) genes. Together with the fact that binding of endogenous c-Myc to the distal promoter element is significantly enhanced upon IL-15 stimulation in peripheral blood NK cells and correlates with an increase in KIR transcription, this provides a direct link between NK cell activation signals and KIR expression required for acquisition of effector function during NK-cell education [14]. In addition, it has been demonstrated that stimulation with IL-2, an important regulator of NK cell activity, increases c-myc expression in natural killer cell line NK3.3 [15]. However, c-myc expression in NK cells in cancer patients has never been evaluated. 
C-Myc functioning is regulated by several signal transduction pathways. For instance, c-Myc is one of the downstream targets of Notch signal transduction [16].  Notch1 can directly bind to the c-Myc promoter and signals from Notch receptors drive c-Myc-mediated cellular growth and metabolism. Importantly, Notch1 and Notch2, but not Notch3 and Notch 4, are expressed in human peripheral blood NK cells [17], and the Notch signaling pathway plays a substantial role in human NK cell development and function [18]. For instance, Notch ligands have been shown to have differential ability to induce and expand immature, but functional, NK cells from CD34+ human hematopoietic progenitor cells suggesting that Notch signaling is important for the physiologic development of NK cells at differentiation stages 
 ADDIN EN.CITE 

[19]
. Activation of Notch1 in NK cells can also lead to an increased secretion of IFN-gamma production [17] demonstrating the importance of this signaling in NK cell function. 

So, the goal of these studies was to study the expression and function of proto-oncogenes in human NK cells harvested from patients with different types of cancer. Based on the fact that Notch signaling is involved in NK cell development, we hypothesized that the changes in c-Myc expression might be associated with the changed Notch signaling in the same cells. This hypothesis was also supported by clinical data showing that Notch-induced signaling pathway accounts for the c-Myc expression in normal and malignant T cells [20].
During 3 years of work, the report for two years was submitted: in 2018, the inventory number - 0218РК00664, and in 2019 - inventory number - 0219РК01102.

MAIN PART OF FINAL REPORT 
Methodological and technical approaches are aimed at the full implementation of the project objectives.

1 Materials and methods

1.1 Reagents
NK cells are isolated using new immunological methods:
1. Reagent 12303D, Life Technologies (CША) DynaMag™-5 Magnet for magnetic separation of cells
2. Reagent 11349D, Life Technologies (CША) Dynabeads® Untouched™ Human NK Cells for magnetic separation of cells

3. Reagent 15596026, Life Technologies (CША) TRIzol™ Reagent for  RNA isolation 
4. Reagent 17144002, Life Technologies (CША) Ficoll-Paque™ PLUS Recognized standard in laboratories worldwide for isolation of human lymphocytes from peripheral blood

5. Reagent 26140087, Life Technologies (CША) Fetal Bovine Serum, Qualified, US Origin, Standard (Sterile-Filtered)
6. Kit № 4351372 (Assay ID Hs01030226_m1), Life Technologies (USA)
7. Kit № 4351372 (Assay ID Hs01030231_m1), Life Technologies (USA)
8. Kit  № 4331182 (Assay ID  Hs99999909_m1), Life Technologies (USA)
9. Smart Flare c- MYC Human, Cyanine 5, Smart Flare KIT(Merck Millipore, Billerica,MA, USA).

10. Scramble control for specificity; 

11. Housekeeping control—the 18 s gene.

12. Biolegend APC anti-human Notch 1 Antibody, 25 tests № 352107
13. Biolegend PE Mouse anti-Human Notch2, 50 tests № 563519
1.2 Supply
Sigma Centrifuge is a universal laboratory

MiniSpin Centrifuge Laboratory

Laminar sterilized box

Flow  cytometer

CO2 incubator (Memmert, Germany),

Inverter microscope,

Water deionizer

Peristaltic pump (Millipore, США)
1.3 
Research methods
1.3.1 Cell separation
Analysis of the total pool of cells without taking into account their subpopulation heterogeneity does not make it possible to identify the existing functional defects of cellular immunity, which, possibly, are associated with a violation of the activity of their very small, but playing an important role, subpopulations. These subpopulations must be isolated from the total cell mass of cells for scrupulous study. Isolation of cells is carried out by modern immunological methods, including: immuno-micromagnetic separation of cells based on the expression of surface specific markers and flow cytometry to confirm the purity of cells. Cell isolation includes several stages. 1) Isolation of the mononuclear fraction of cells from 10-20 ml of peripheral blood by gradient centrifugation on a Percol or Ficoll with a density of 1.077. 2) Isolation of the general population of cells by the method of negative immunomagnetic selection. followed by cell division in a magnetic field. 3) isolation of the c-kit (+) subpopulation.
1. It is used to isolate the mononuclear fraction of ficoll ρ = 1.077 g / cm3. The blood is layered on a Ficoll gradient, centrifuged for 45 min at 400 g. After centrifugation, a ring of mononuclear cells is obtained, and erythrocytes are in the sediment. The resulting ring of mononuclear cells is taken into a clean tube and washed with culture medium. The cells are washed twice by centrifugation at 200 g for 10 min. 
2. Isolation of all NK cells by negative immune magnetic method. For this, all non-NK cells are removed, through their specific surface markers: T cells (CD3), B cells (CD19, 20), monocytes (CD14), dendritic cells (CD11c, CD83, CD1a, CD86, HLA-DR). The purity and amount of NK were determined by current flow cytometry using CD16/56 expression.
3. The c-kit proto-oncogene (CD117) is an immaturity marker that is expressed mainly on bone marrow progenitor cells. It disappears as the cells mature. Among mature lymphoid cells, CD56bright NK is a unique c-kit-expressing population. C-kit disappears upon further differentiation of CD56bright into CD56dim NK. The important role of c-kit in the life of NK is well studied. It is responsible for the proliferation, maturation of the NK. CD56bright c-kit (+) subpopulation is very small and accounts for 45% of all CD56bright, which, in turn, make up only 10% of all NK. C-kit (+) cell subpopulation is extracted from the general cell population by positive immunomagnetic selection using CD117 antibodies. The cell phenotype is confirmed by the expression of specific cell markers. All procedures are optimized for the test specimen
1.3.2  Flow cytofluorimetry
Flow cytometry is used when imaging of many cell types in a population is required. Divided on the basis of differences in cell size and morphology. In addition, fluorescent marker antibodies can be used to identify and differentiate different subpopulations targeting specific antigens on the cell surface. The basic steps are to pass the cells through a narrow channel so that each cell is illuminated simultaneously with the laser. Flow cytometry helps to analyze several cell parameters at the same time.
1.3.3  SmartFlare
C-kit and c-myc - proto-oncogenic expression defects using flow cytometry; Studied by SmartFlare method. This technique allows the detection of mRNA in living cells. The Real Time method was not used because it was a labor-intensive job and could not be visualized. Marked oncogenic probes are available for sale. SmartFlare is a new, modern method of imaging mRNA in living cells using flow cytometry. SmartFlare RNA detectors are absorbed by the cell using the mechanism of endocytosis. Incubate in an incubator (37 C), CO 2 (5%) and relative humidity (80%) for 16-20 hours. The results are determined using a flow cytometer.
1.3.4  Statistical analysis

For a single comparison of two groups, the Student’s t-test was used after the evaluation of normality. If data distribution was not normal, a Mann-Whitney rank sum test was performed. For the comparison of multiple groups, analysis of variance (ANOVA) was applied. SigmaStat Software was used for data analysis (SyStat Software Inc., USA). For all statistical analyses, p<0.05 was considered significant. All experiments were repeated at least two times. Data are presented as the mean ± SEM. 

1.3.5 RESULTS
1. C-kit expression in NK cells from cancer patients was significantly decreased independently of tumor location 

Detection of c-kit expression in CD117(c-kit) positive and negative fractions of NK cell from cancer patients and donors was carry out by two methods: qRT-PCR and Smart Flare. The data, obtaining by qRT-PCR was entirely confirmed by Smart Flare method, which allows detection and visualization of mRNA in live cells. Based on the facts that CD56bright population of NK cells is the only lymphocyte population in the peripheral blood with the constitutive expression of the c-kit receptor, that c-kit gradually vanishes during NК differentiation from CD56bright to CD56dim cells  and that c-kit is responsible for proliferation and maturation of NK cells, we speculated that the potential tumor-associated defects in NK cell maturation may be connected with the ectopic expression of c-kit not only in c-kit-positive subset, but in c-kit-negative subset of NK cells as well. Therefore in order to determine whether the formation of c-kit transcripts is occurring in all NK cells or only in c-kit-positive NK cell subset in cancer patients, total NK cells were sorted for the c-kit-positive and c-kit-negative populations. 
The expression of the c-kit proto-oncogene in NK in 14 healthy donors was studied by two methods: Smart Flare using flow cytometry and Real-Time PCR. Isolation of EK cells included the stage of isolation of the mononuclear fraction of cells from 20 ml of peripheral blood by gradient centrifugation on ficoll with a density of 1.077 and negative immunomagnetic selection. The purity of isolation and phenotype of EK cells was confirmed by the expression of markers CD16 / 56 by flow cytometry. C-kit-positive and c-kit-negative subpopulations of NK were isolated from the general population of cells by positive immunomagnetic selection using CD117 antibodies.
For Real-Time PCR (qRTPCR), total RNA was isolated according to instructions. cDNA was then synthesized using the High-Capacity RNA-to-cDNATM Kit. qRTPCR amplification was carried out as follows: 1 cycle at 95°C for 3 min; 45 cycles at 95oС for 10 sec, 55oС for 40 sec. Primers: c-kit, Fw (5-GTCCTACGCTTCCAA-3), and Rev (5-ACTTCAATTATGAACGTC-3). 
The results revealed that the ratio of c-kit-positive to c-kit-negative NK cells was similar in cancer patients and healthy donors, although the total number of NK cells harvested from the peripheral blood of cancer patients was twice higher than NK cell numbers in the same volume of healthy donor blood. For instance, from 10 ml of the peripheral blood of donors we standartly harvested 1x106 NK cells, while from the same quantity of patients’ blood, independently on the type and localization of cancer, we usually obtained  2x106 NK cells. This allowed us to hypothesize that increased NK cell numbers in cancer patients may be associated with of altered expression of c-kit in CD117-positive NK cells. In fact, we revealed that c-kit expression was significantly decreased in NK cells in cancer patients independently of tumor localization. C-kit expression by CD117-positive NK cell subset in patients with non-small lung cancer, cancer of gallbladder (moderately differentiated), cancer of esophagus (epidermoid type), colorectal cancer (infiltrated and squamous cancer, all with metastasis in lymph nodes or lungs or liver), sigmoid cancer was strongly decreased irrespective of the differentiation stage and disease severity: 47.5 ± 23.7 (n=10) in healthy donors versus 1.57 ± 0.67 in patients (n=12) with cancer (p<0.001, Figure 1). 
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Figure1 - C-kit expression in NK cells from donors and cancer patients. Data of qRT-PCR. Mean 1.57±0.67 in patients (n=12) versus 47.5±23.7 in healthy donors (n=9) (P = <0,001).
Next, c-kit expression was significantly decreased in all patients. All data from the qRT-PCR detection were confirmed by the results from the Smart Flare method. The difference in the median values between the two groups was statistically significant difference.  MFI: -267±128 (n=12) in patients versus 3427 ±1510 in healthy donors (n=9) (P <0,001) (Figure 2).
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Figure 2-C-kit expression in NK cells from donors and cancer patients. Data of Smart Flare MFI: -267±128 (n=12) in patients versus 3427 ±1510 in healthy donors (n=9) (P = <0,001).
Finally, c-kit expression in CD117(c-kit)-negative fractions of NK cells from all cancer patients was similar to that one in donors and was technically undetectable.  

So, our suggestion about the ectopic expression of c-kit not only in c-kit-positive subset, but in c-kit-negative subset of NK cells proved to be wrong. 
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Figure 3-C-kit expression in CD117 positive NK cells from one of 12 representative donors (data of Smart Flare).
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Figure 4.-C-kit expression in CD117 positive NK cells from one of 9 representative patients (data of Smart Flare).

2. Reduced c-myc mRNA expression in NK cells in cancer patients

Estimation of c-myc mRNA expression in the peripheral blood NK cells isolated from patients with lung cancer and gastric cancer was carried out by the Smart Flare method (Figure 5). No significant differences between patients with lung cancer or gastric cancer were identified. However, c-myc mRNA expression in NK cells from patients with lung cancer (-619 ± 724) and gastric cancer (430 ± 285) was significantly decreased compared with c-myc expression in NK cells from healthy donors (2004 ± 394) (p<0.002 and p<0.004, respectively, Figure 5).  

We noticed no highly significant association between c-myc mRNA expression and clinical stage of disease or the presence of metastases. However, expression of c-myc mRNA in NK cells from patients with well-differentiated (G1) and moderately differentiated (G2) types of carcinoma was commonly higher than one in NK cells from patients with poorly differentiated (G3) adenocarcinoma. The lowest values of the NK cell c-myc mRNA expression was determined, as a rule, in patients with poorly differentiated (G3) cancer.

Similar differences in c-myc expression were determined in NK cells isolated from patients after elective surgery. For instance, resection of tumor mass decreased the level of c-myc mRNA expression in NK cells in a patient with poorly differentiated (G3) carcinoma (MFI: 1020 before and 417 after operation). However, in a patient with well-differentiated (G1) type of tumor, one week after a surgical removal of the tumor mass, expression of c-myc mRNA in NK cells was doubled (MFI:1114 before and 3291 after operation). 
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Figure 5. Differences in c-myc mRNA expression in NK cells harvested from healthy donors and cancer patients. NK cells were isolated from the peripheral blood samples by negative selection using Dynabeads, incubated in complete medium for 20 hours and c-myc expression was determined by Smart Flare method as described in M&M. (A) Data of mean fluorescent intensity (MFI) are shown as the mean ± SEM (ANOVA). (B) C-myc-mRNA expression in peripheral NK cells from one of 10 representative healthy donors. (C) C-myc-mRNA expression in peripheral NK cells from one of 7 representative patients with lung cancer. (D) C-myc-mRNA expression in peripheral NK cells from one of 12 representative patients with gastric cancer. (B-D) The relative expression was determined by flow cytometry on stained NK cells.
3. Decrease in c-Myc protein production in NK cells from cancer patients

Isolation of NK cells included the stage of isolation of the mononuclear fraction of cells from 20 ml of peripheral blood by gradient centrifugation on ficoll with a density of 1.077 and negative immunomagnetic selection. The purity of isolation and phenotype of NK cells was confirmed by the expression of markers CD16 / 56 by flow cytometry. C-kit-positive and c-kit-negative subpopulations of NK were isolated from the general population of cells by positive immunomagnetic selection using CD117 antibodies. Evaluation of c-myc expression was performed using the Smart Flare method. C-myc expression in CD117 (c-kit) -negative fraction of EK cells was similar to c-myc expression in CD117 (c-kit) -positive fraction; thus, c-myc expression was assessed in the general population of NK cells.
Donors were selected according to the age category of patients, ie from 45 to 70 years. Donors were attracted from healthy employees of the Institute's laboratories with their consent. NK cells were isolated by negative immunomagnetic sampling using a NK cell isolation kit to isolate a mononuclear portion of cells from 10 ml of peripheral blood by centrifuging a gradient of Ficoll with a density of 1,077.
The c-myc production was evaluated in the cytoplasm of NK cells after fixation and permebialization using c-Myc PE-conjugated Antibody R&D Systems (c-Myc PE-conjugated antibodies). Fluorescence was determined by flow cytometry with BD FACSCantoTM II - cytofluorimeter.
Peripheral blood sampling was performed from patients with their informed consent in accordance with the Declaration of Helsinki and the Nuremberg Standard of the Federal Rules (Chapter 45, Volume 46).
All patients are primary, i.e. those who have not previously applied for this disease, at 3-4 stages of the disease. Blood samples were taken prior to surgery. Of the 14 studied patients, 7 were diagnosed with c-r lung, 2 with c-r of the proximal stomach, 1 with cardioesophageal c-r of the stomach, 1 with c-r of the esophagus, 1 with c-r of the rectum, 1 with c-r of the anal canal, 1 with c-r of the gallbladder. The diagnoses were confirmed by histology data. 

Production of c-Myc protein was evaluated simultaneously with mRNA measurement in the same NK cells isolated from the same patients with lung cancer and gastric cancer (Figure 6). In contrast to c-myc mRNA data, the production of c-Myc protein was significantly reduced in all patients, regardless of the cancer cell differentiation stage, clinical stage of the disease or the presence of metastases (Figure 6). For instance, c-Myc protein expression in the peripheral blood NK cells in patients with lung cancer (n=7) (MFI: 375 ± 52) and gastric cancer (n=12) (MFI: 406 ± 47) were similarly and significantly (p<0.001 and p<0.001, respectively) reduced when compared with expression of c-Myc protein in NK cells from healthy donors (n=10) (MFI: 4574 ± 1446).

Interestingly, tumor resection did not recover c-Myc protein production by NK cells: c-Myc protein levels were quite low and stay low in all tested groups. Although mRNA expression of c-myc was increased after surgery in patient with well-differentiated (G1) tumor stage, no significant changes in protein expression in NK cells were detected. For instance, MFI of c-myc protein expression before the surgery was 396 ± 45, while after surgery MFI was increased up to 573 ± 78. The absence of a statistically significant correlation between the mRNA and protein data requires explanation, and additional mechanistical studies are in progress in our laboratories. 
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Figure 6. Differences in c-Myc protein expression in NK cells harvested from healthy donors and cancer patients. NK cells were isolated from the peripheral blood samples by negative selection using Dynabeads. C-myc-protein expression was determined as described in M&M. (A) Data of mean fluorescent intensity (MFI) are shown as the mean ± SEM (ANOVA). (B) C-myc-protein expression in peripheral NK cells from one of 10 representative healthy donors. (C) C-myc-protein expression in peripheral NK cells from one of 7 representative patients with lung cancer. (D) C-myc-protein expression in peripheral NK cells from one of 12 representative patients with gastric cancer.
4. Reduced Notch1 expression in NK cells in cancer patients
Transcription factor - a direct participant in the signaling pathways of proto-oncogenic c-myc Notch-molecules. Notch signaling plays an important role in the development of human EP cells. Notch signaling induces markers for the maturation of NK cells (KIR, CD16 and CD57). CD16 binding is enhanced by the Notch signal and leads to an increase in the expression of CD107a, IFNγ and TNFα, which are the main mediators of cytotoxic function of the CNS.
C-myc is regulated and linked to many factors. One of these is the Notch family of receptors. There are four Notch receptors (Notch1-4) and five of its Notch ligands (Delta-like 1, 3, 4 and Jagged 1, 2. As a result of the interaction of the Notch receptor with ligands, the Notch intracellular domain is released and its translocation into the nucleus. This triggers the transcription of Notch target genes. C-myc is one of the targets of the Notch signal. Notch1 can directly bind to the c-MYC promoter and signals from Notch receptors drive c-MYC-mediated cell growth and metabolism. We hypothesized that a decrease in c-myc expression may be due to a disruption in the expression of the Notch receptor, since NK cells express Notch 1 and Notch2 receptors, but not Notch 3 and Notch 4. In addition, Notch1 regulates the secretory function of NK cells. Activation of Notch1 in NK cells can lead to increased secretion of IFNg production.
Healthy donors (n = 17, seven men and ten women, mean age 55 (46–67)) were recruited from the Laboratory staff at the Research Institute of Fundamental and Applied Medicine after signing informed consent.
Isolation of EK cells included the stage of isolation of the mononuclear fraction of cells from 20 ml of peripheral blood by gradient centrifugation on ficoll with a density of 1.077 and negative immunomagnetic selection.

The purity of isolation and phenotype of EK cells was confirmed by the expression of markers CD16 / 56 by flow cytometry. 
Notch1 transmembrane protein was assessed on the surface of isolated NK cells using APC-labeled anti-human Notch 1 antibodies (Biolegend, San Diego, CA). Fluorescence was determined by flow cytometry on a BD FACSCantoTM II.
A significant decrease in the expression of the Notch 1 receptor on NK was revealed in all cancer patients with lung and gastrointestinal cancer.
Peripheral blood samples were taken from 35 patients: 25 men and 10 women, mean age 68 (36–79) with two main types of cancer - lung cancer (20 patients) and 15 patients with digestive system cancers, including stomach cancer (9) and esophageal cancer (6).
The studies were carried out in accordance with the Declaration of Helsinki, were approved by the Institutional Review Board (IRB), and patients gave written informed consent to receive a sample for research purposes. Blood was collected prior to surgical and chemotherapy procedures.
For the research, EK cells were isolated from the mononuclear fraction of cells from 20 ml of peripheral blood by gradient centrifugation on ficoll with a density of 1.077 and using negative immunomagnetic selection.
The purity of isolation and phenotype of NK cells was confirmed by the expression of markers CD16 / 56 by flow cytometry.
Notch1 transmembrane protein was assessed on the surface of isolated NK cells using APC-labeled anti-human Notch 1 antibodies (Biolegend, San Diego, CA). Fluorescence was determined by flow cytometry on a BD FACSCantoTM II.
Expression of Notch1 transmembrane receptor was determined on the surface of the peripheral blood NK cells isolated from patients with lung and GI cancer and healthy donors (Figure 7). 
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Figure 7. Differences in Notch1 expression in NK cells harvested from healthy donors and cancer patients. NK cells were isolated from the peripheral blood samples by negative selection using Dynabeads. The relative Notch1 expression was determined by flow cytometry on stained NK cells from healthy donors, patients with lung and gastric cancer. (A). The results of flow cytometry data from a representative experiment are shown. (B). Data of mean fluorescent intensity (MFI) are shown as the mean ± SEM (N=11-20). *, p < 0.05; **, p < 0.01; one-way ANOVA.

MFI data revealed that the expression of Notch1 protein on NK cells in patients with both lung cancer (803 ± 29) and gastric cancer (631 ± 65) was significantly reduced compared with the expression of Notch1 protein on NK cells from healthy volunteers (1001 ± 75) (p<0.03 and p<0.002, respectively). These results together with our data showing decreased expression of c-Myc in NK cells in patients with lung and gastric cancer  allow speculating about potential functional link between dysregulated Notch1 and c-Myc expression in NK cells in cancer. In fact, recent data identified c-Myc as an essential mediator of Notch1 signaling in lymphocytes and integrated Notch1 activation with oncogenic signaling pathways upstream of c-Myc [
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21,
22]. Figure 7 results also raised a question about Notch2 expression on the same NK cells.

5.  Differential expression of Notch2 on NK cells in patients with lung and gastric cancer

.
Healthy donors (n = 17, seven men and ten women, mean age 55 (46–67)) were recruited from the Laboratory staff at the Research Institute of Fundamental and Applied Medicine after signing informed consent. Isolation of NK cells included the stage of isolation of the mononuclear fraction of cells from 20 ml of peripheral blood by gradient centrifugation on ficoll with a density of 1.077 and negative immunomagnetic selection.

The purity of isolation and phenotype of NK cells was confirmed by the expression of markers CD16 / 56 by flow cytometry.
Protein expression of the signaling molecule: Notch2 in NK cells using PE-conjugated anti-human Notch2 monoclonal antibodies (Biolegend, San Diego, CA). Fluorescence was determined by flow cytometry on a BD FACSCantoTM II.

Protein expression of the signaling molecule: Notch in NK cells in healthy people was (389 ± 28). 

Studies showed the absence of significant violations of the protein expression of the signaling molecule: Notch2 in NK cells in cancer patients with lung and gastrointestinal tract cancer. Peripheral blood samples were taken from 35 patients: 25 men and 10 women, mean age 68 (36–79) with two main types of cancer - lung cancer (20 patients) and 15 patients with digestive system cancers, including stomach cancer (9) and esophageal cancer (6). The studies were carried out in accordance with the Declaration of Helsinki, were approved by the Institutional Review Board (IRB), and patients gave written informed consent to receive a sample for research purposes. Blood was collected prior to surgical and chemotherapy procedures.
For research, NK cells were isolated from a mononuclear fraction of cells from 20 ml of peripheral blood by gradient centrifugation on ficoll with a density of 1.077 and using negative immunomagnetic selection

The purity of isolation and phenotype of NK cells was confirmed by the expression of markers CD16 / 56 by flow cytometry. Protein expression of the signaling molecule: Notch2 in NK cells was performed using PE-conjugated anti-human Notch2 monoclonal antibodies (Biolegend, San Diego, California). Fluorescence was determined by flow cytometry on a BD FACSCantoTM II.

Expression of Notch2 transmembrane receptor was estimated on the surface of the same peripheral blood NK cells isolated from patients with lung cancer and gastric cancer in comparison to healthy donors (Figure 8). 
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Figure 8. Differences in Notch2 expression in NK cells harvested from healthy donors and cancer patients. NK cells were isolated from the peripheral blood samples by negative selection using Dynabeads. Notch2 expression was determined by flow cytometry on stained isolated peripheral NK cells from healthy donors, patients with lung and gastric cancer. (A). The results of flow cytometry data from a representative experiment are shown. (B). Data of mean fluorescent intensity (MFI) are shown as the mean ± SEM (one-way ANOVA, N=15-29). **, p < 0.01.
Unlike Notch1 expression, changes in Notch2 expression were not observed in all patients with cancer. NK cells obtained from patients with lung cancer expressed the similar levels of Notch2 (341 ± 33) as NK cells from healthy donors (389 ± 28) (p=0.285). However, expression of Notch2 on NK cells in patients with gastric cancer was significantly reduced compared to the expression of Notch2 on NK cells from healthy donors (276 ± 23) (p<0.005). This cancer-specific dysregulation of Notch2 expression on NK cells may suggest involvement of different pathways in Notch functioning and requires correlation with the expression or activation of other signaling molecules in NK cells.

6. Develop molecular and genetic methodologies to correct or neutralize dysfunction of proto-oncogenes and signaling molecules and design and test novel approaches to targeted cancer therapy.  
Correction of dysfunction of proto-oncogenes and their associated signaling molecules is the final stage of this project. It is known that due to mutations of proto-oncogenes in tumor cells, they become overcrowded and express, and at the same time the activity of signaling pathways of those oncogenes increases. In our opinion, the same process was expected in immune cells. However, the results of our research refute this hypothesis. Proto-oncogenes and their signaling pathways have been shown to be significantly reduced in natural killer cells (NK). That is, if anti-mutation therapy is used to reduce the activity of tumor cells, it is necessary, in contrast, to increase the activity of proto-oncogenes and their signaling pathways in NK cells. The question is why the expression of proto-oncogenes and their signaling pathways in natural killer cells of cancer decreases? In comparison with tumor cells, hyperexpression of oncogenes is associated with suppressor genes that regulate and suppress them under normal conditions. In our previous studies, the same gene suppressors in NK cells did not change significantly. The question is, what is the mechanism that suppresses proto-oncogenes in NK cells? In search of an answer to this question, it is necessary to develop molecular-genetic methods that target the increase expression of c-kit, c-Myc and Notch1. Modern primary anticancer therapy, by contrast, aims to suppress the expression of these oncogenes [23, 24]. In order to avoid side effects of anti-cancer therapy, immunotherapy should be targeted, using drugs that directly target immune cells, such as natural killer cells. However, if the cause of hyperexpression of oncogenes in tumor cells is a mutation, that is, if the oncogenic suppression therapy is the etiological therapy, the cause of the defects identified in the immune cells is still unknown. The decrease in C-Myc expression is accompanied by a decrease in its direct receptor Notch, ie the decrease in one cannot be explained by the excess expression in the other. C-kit / SCF (SCF - stem cell factor) has an autocrine loop mechanism, c-kit is a receptor, and SCF is its ligand. C-Myc is a nuclear factor, Notch signaling pathways are directly linked and activated by the promoter of c-Myc [25], however, Notch is an external receptor for cells whose ligands are delta-like (DLL) -1/3/4 and jagged (Jag). -1/2 is expressed in adjacent cells. Notch receptors in immune cells, especially Notch 1, are significantly reduced, while tumor cells are elevated, and ligand levels are high [26]. Molecular genetic techniques that enhance the Notch 1 receptor in immune cells, specific natural killer cells, must be designed to affect only those cells. In conclusion, it is too early to expect great results from existing or planned anti-cancer immunotherapy.
CONCLUSIONS

The data presented in this report for the first time highlight a defect in c-kit and c-myc expression in NK cells in cancer patients. C-kit/SCF axis and c-myc play a pivotal role in the functional activity of NK cells. The c-kit and its ligand, SCF, provide the important signals for survival, proliferation, migration and citotoxicity of NK cells. It has been shown that the generation of NK cells from hematopoietic precursors is reduced in the absence of c-kit signaling [27]. Myc has generally been associated with the promotion of cellular growth and proliferation [28]. Conversely, the reduction of c-myc expression has been associated with defects of cell growth and proliferation [29, 30]. C-myc promotes cell proliferation through the cell cycle and down regulation of c-myc results in the growth arrest and accumulation of cells in the G0/G1 phase of the cell cycle [31]. So thus, the role of c-kit and c-myc seems to be similar in supporting of cell growth and functional activity of NK cells. Our study has revealed the disruption of both oncogenes expression in NK cells in cancer patients. The disturbances of c-kit and c-myc expression in NK cells determined in this study may be indicative for the reduced viability of NK cells, which may be one of the causal factors of decreased NK antitumor cytotoxicity. C-myc is generally expressed at low levels in normal proliferating cells [32]. Based on the central role of c-myc in cell growth control, even slender alterations in the amount of its mRNA may have marked consequences for cell fate [33-37]. C-myc expression depends on the presence of growth factors and removal of signals from growth factor receptors results in immediate downregulation of c-myc [38, 39]. We suppose, that c-kit and c-myc expression similarity in NK cells in all cancer patients indicate the general unspecific alterations of NK cells under tumor growth regardless of cancer location.
We hypothesized that a decrease in c-Myc expression might be associated with the changed Notch signaling in the same cells. Our results here demonstrated that the expression of Notch1 receptor on NK cells was significantly down-regulated in all tested cancer patients regardless of the disease stage and the presence of metastases. Interestingly, Notch2 receptor expression was significantly reduced only in patients with gastric cancer when compared to healthy volunteers. Thus, it is possible that a decrease in Notch1 expression, as well as in c-Myc expression, is a common feature of an immune abnormalities in NK cells seen in cancer patients, whereas a tumor-specific nature of Notch2 alterations in NK cells might suggest a more complex tissue-specific mechanism of NK cell regulation by Notch ligands. For instance, sustained Notch signaling can induce common lymphoid progenitor commitment to NK cell differentiation, although these NK cells might be immature in their cytokine production profile, hyporesponsive and poorly acquiring NK cell receptors involved in self-tolerance and effector function 
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[40].

Conventional wisdom has it that decrease of NK cell functions in cancer patients is result of tumor development. However, remove of tumor or immunotherapy is not change the clinical outcome. We suggest hypothesis about concurrent defects in cancer and immune cells. This study is the first report to show that NK cells, as a part of immune systems, have oncogenes defects such as in cancer cells. But if in tumor cells take place, as a rule, activation c-kit and c-myc oncogenes, in NK cells, vice versa, these oncogenes are suppressed. As results, vitality of cancer cells is high, while viability NK cells, probable, are reduced, as well as, the cytotoxity. The cause of these alterations is unknown. Because these defects are unconnected with any type of cancer, we suggest that they are unspecific general disturbances in NK cells, which can proceed of tumor progression.
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"Kazakh National University. al-Farabi "
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1.2
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1.3
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1.4
Total amount – 9 million tenge (nine million tenge) 

	Items
	Title of tasks of the project and their realization
	Duration  (month)
	Start and end of work (dd/mm/yy)
	Years of project realization, expected results

	
	
	
	
	2018Year
	2019

Year
	2020 Year

	1
	Reveal the defects of c-myc and c-kit expression in NK cells in patients with lung and gastrointestinal tract cancers
	12
	03.01.2018-31.12.2018
	An analysis of the expression of c-myc and c-kit oncogenes in NK cells in cancer patients with lung and gastrointestinal tract cancer will be carried out in comparison with healthy donors.
	
	

	1.1
	Determine the expression of the c-kit proto-oncogene in the NK in healthy donors
	3
	03.01.2018-04.04.2018
	Expression of c-kit proto-oncogene will be detected in NK cells in healthy donors
	
	

	1.2
	Determine the expression of the c-myc proto-oncogene in NK a in healthy donors.
	3
	05.04.2018-05.07.2018
	expression of с-myc proto-oncogen 
will be detected in NK cells in healthy donors
	
	

	1.3
	To identify abnormalities in the expression of the c-kit proto-oncogene in NK in cancer patients with lung and gastrointestinal tract cancer.
	3
	06.07.2018-04.10.2018
	Abnormalities in the expression of the c-kit proto-oncogene in NK in cancer patients with lung and gastrointestinal tract cancer will be revealed.
	
	

	1.4
	To identify abnormalities in the expression of the c-myc proto-oncogene in NK in cancer patients with lung and gastrointestinal tract cancer.
	3
	05.10.2018-

31.12.2018
	Abnormalities in the expression of the c- myc proto-oncogene in NK in cancer patients with lung and gastrointestinal tract cancer will be revealed
	
	

	2.
	To reveal abnormalities in the c-myc protein expression and the expression of its signaling molecule Notch in NK in cancer patients with lung and gastrointestinal tract cancer compared with healthy ones
	12
	03.01.2019-31.12.2019
	
	The expression of the c-myc protein and its Notch signaling molecule in the NK in cancer patients with lung and gastrointestinal tract cancer will be evaluated in comparison with healthy
	

	2.1
	Evaluation of c-myc protein expression in NK cells in healthy subjects
	3
	03.01.2019-03.04.2019
	
	expression of с-myc protein
will be detected in NK cells in healthy donors
	

	2.2

	To identify abnormalities in the expression of the c-myc protein in NK in cancer patients with lung and gastrointestinal tract cancer.
	3
	04.04.2019- 04.07.2019
	
	Abnormalities in the expression of the c- myc protein in NK in cancer patients with lung and gastrointestinal tract cancer will be revealed
	

	2.3

	Evaluation of Notch1 expression in NK cells in healthy subjects
	3
	05.04.2019-07.10.2019
	
	expression of Notch1 

will be detected in NK cells in healthy donors
	

	2.4

	To identify abnormalities in the expression of the Notch1 in NK cells in cancer patients with lung and gastrointestinal tract cancer.
	3
	08.10.2019-31.12.2019
	
	Abnormalities in the expression of the Notch1  in NK in cancer patients with lung and gastrointestinal tract cancer will be revealed
	

	3.
	Assessment of protein expression of the signaling molecule: Notch2 in NK cells in cancer patients with lung and gastrointestinal tract cancer.
Develop molecular and genetic methodologies to correct or neutralize dysfunction of proto-oncogenes and signaling molecules and design and test novel approaches to targeted cancer therapy
	12
	03,01,2020- 31.12.2020
	
	
	Abnormalities of protein expression of the signaling molecule: Notch2 in NK cells in cancer patients with lung and gastrointestinal tract cancer will be revealed.
Will be  developed the molecular and genetic methodologies to correct or neutralize dysfunction of proto-oncogenes and signaling molecules and design and test novel approaches to targeted cancer therapy

	3.1
	Assessment of Protein Expression of the Signal Molecule: Notch2 in NK Cells in Healthy
	3
	03.01.2020-

06.04.2020
	
	
	expression of Notch2 

will be detected in NK cells in healthy donors

	3.2
	To identify abnormalities in the expression of the Notch2 in NK cells in cancer patients with lung and gastrointestinal tract cancer.
	3
	07.04.2020-

07.07.2020
	
	
	Abnormalities in the expression of the Notch2  in NK in cancer patients with lung and gastrointestinal tract cancer will be revealed

	3.3
	Develop molecular and genetic methodologies to correct or neutralize dysfunction of proto-oncogenes
	3
	08.07.2020-

07.10.2020
	
	
	Will be Developed molecular and genetic methodologies to correct or neutralize dysfunction of proto-oncogenes

	3.4
	Develop molecular and genetic methodologies to correct or neutralize dysfunction of signaling molecules and design and test novel approaches to targeted cancer therapy
	3
	08.10.2020-

31.12.2020
	
	
	Will be Developed  molecular and genetic methodologies to correct or neutralize dysfunction of signaling molecules and design and test novel approaches to targeted cancer therapy
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