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ABSTRACT 
Report 41 pages, 1 book, 6 figure, 2 table, 29 references, 6 appendix     
GENE, CLONING, MICROORGANISM STRAIN, RECOMBINANT ANTIGEN, PROGRAMMABLE CELL DEATH RECEPTOR
The study's object is hybrid cell strains producing monoclonal antibodies against the programmed cell death receptor PD-1, a factor that reduces immunity against cancer.
The project aims to obtain strains of hybrid cells producing monoclonal antibodies against the human PD-1 receptor's extracellular domain.
During the work, the methods of hybridoma technology were used, as well as immunological, biochemical and biotechnological research methods.
As a result of the study, 2 strains of microorganisms were obtained, producing the recombinant extracellular domain of the human PD-1 receptor. The parameters of isolation and purification of the recombinant protein have been worked. The molecular weight of the protein was 21 kDa. MS-MS spectrometry of the recombinant protein showed complete agreement with the PD-1 protein. Five strains of hybrid cells - H8, A5, E9, C9, A4 producing monoclonal antibodies to PD-1 were obtained. The cultural and productive properties of the obtained hybrid cells were determined. The binding constant of monoclonal antibodies against PD-1 ranged from 2x107M-1 to 2x108M-1, which indicates a high sensitivity of monoclonal antibodies to the recombinant protein. The obtained monoclonal antibodies belong to class G1 immunoglobulins and demonstrate the ability to bind to lymphocytes. Two articles were published in a journal with a non-zero impact factor recommended by CCSES and two articles in a journal indexed in the Scopus database. One patent for an invention was received, and one patent application was filed.
The novelty of the results: in the Republic of Kazakhstan, monoclonal antibodies against PD-1 protein of human T-lymphocytes were obtained, and their immunochemical and biological properties were investigated.
Leading design and technical and operational parameters: the obtained monoclonal antibodies against human PD-1 have high sensitivity, specificity, affinity, and activity.
The degree of introduction - not introduced.
The effectiveness of the development is determined by the high immunochemical and biological properties of monoclonal antibodies.

The field of application is medicine.
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DEFINITIONS, DESIGNATIONS, AND ABBREVIATIONS

In this R&D report, the following terms are used with the appropriate definitions, symbols, and abbreviations
	Antigens
	-
	a substance perceived by the body as foreign and causing a specific immune response

	Antibodies
	-
	proteins synthesized by B-lymphocytes in response to the ingress of various antigens into the body and specifically interacting with them with the formation of an "antigen-antibody" complex

	Affinity
	-
	the degree of bond strength of one antigenic determinant with one binding site of an antibody

	Hybrid cell
	-
	hybrid cell line obtained in vitro as a result of the fusion of antibody-forming (plasma) cells of a given specificity and myeloma cells producing monoclonal antibodies

	Clone
	-
	a population of cells or molecules identical to one parent cell or molecule

	Myeloma
	-
	lymphoma (malignant tumor) formed from lymphocytes of the B-cell line (mainly from plasma cells)

	DMSO
	-
	dimethyl sulfoxide

	kDa
	-
	designation of the molecular weight of proteins

	mg/ml
	-
	designation of the concentration of a substance in the SI system

	μg/ml
	-
	designation of the concentration of a substance in the SI system

	ml
	-
	the SI unit for measuring the volume of liquid

	mAb
	-
	monoclonal antibodies


	NAF
	-
	Freund's incomplete adjuvant

	OD
	-
	optical density

	PAGE
	-
	polyacrylamide gel

	PEG
	-
	polyethylene glycol

	PBS
	-
	phosphate-buffered saline

	PBS+Tw
	-
	phosphate-buffered saline + Tween 20

	SDS
	-
	sodium dodecyl sulfate


INTRODUCTION

The signaling pathway mediated by the PD-1 receptor regulates the body's immune status's strength in various pathological conditions. Activation of this checkpoint leads to apoptosis of T-lymphocytes and a decrease in immunity intensity while normalizing the body's internal environment. Tumor cells actively use this signaling pathway to overcome immune surveillance and attack from the immune system. In the course of evolution, tumor cells acquired the ability to constitutively express on their surface receptors PD-L1 and PD-L2, which are ligands for PD-1 [1].

High expression of the PD-L1 receptor on tumor cells correlates with poor prognosis and poor survival in various types of cancer, including renal cell carcinoma, pancreatic cancer, hepatocellular carcinoma, ovarian cancer non-small cell lung cancer [2]. Also, it has been suggested that PD-1 regulates tumor-specific expansion of T cells in patients with melanoma [3]. Preclinical experiments in vitro and in vivo have shown that blockade of PD-1 or PD-L1 using monoclonal antibodies enhances specific antitumor immunity [2, 3]. The use of monoclonal antibodies against the PD-1 receptor and its ligand PD-L1 confirm the PD-1 receptor's relevance as a target for clinical therapeutic intervention.
Several humanized monoclonal antibodies have been developed to block this checkpoint and are being tested to treat malignant neoplasms. These monoclonal antibodies against PD-1 target the immune system's critical regulatory checkpoints, located on T lymphocytes' surface. Well-known drugs are nivolumab and pembrolizumab, approved for melanoma treatment in 2014 in the United States. In 2015, nivolumab was approved for the treatment of squamous cell lung cancer [4]. The use of these drugs led to long-term remission of patients with malignant melanoma, without showing clinical signs of cancer for many years [4].

Pembrolizumab is a highly active humanized IgG4-k monoclonal antibody that specifically blocks the binding of PD-1 receptor to the PD-L1 and PD-L2 ligands. Genetic engineering methods were used to obtain humanized monoclonal antibody by inserting the gene of the variable region of the mouse anti-PD-1 monoclonal antibody into the Fc framework gene of the immunoglobulin region of the human IgG4-k isotype, containing the stabilizing mutation S228P in this region. The antibodies exhibit a high affinity for the PD-1 receptor, blocking the effect of ligands PD-L1 and PD-L2 on the receptor, and high activity in modulating T cells of human donor blood under ex vivo conditions.

The blocking of immune checkpoints by various methods of inhibition of the tumor microenvironment, vaccines, chemotherapy, endocrine therapy, the development of more conjugates of antibody-drugs, bispecific antibodies, including monoclonal antibodies, is an urgent need to improve clinical results in the fight against various oncological pathologies.
Despite the measures taken and the improvement in the provision of cancer patients with drugs globally and in the Republic of Kazakhstan, there is an increase in this pathology type. Statistical data for 2011 by types of cancer in the Republic of Kazakhstan show the following: breast cancer is 11.6%, lung cancer 11.4%, skin cancer 10.7%, stomach cancer 8.8%, cervical cancer uterus - 4.8%, esophageal cancer - 4.4%, myeloblastosis - 4.4%, colon cancer - 4.4% and rectal cancer - 4.4% [5].

Considering the above, microorganisms producing the recombinant receptor PD-1 of human T-lymphocytes, strains of hybrid cells producing monoclonal antibodies to PD-1, and the study of monoclonal antibodies against the checkpoint of the immune system is a very urgent problem for the Republic.
By the Decree of the Government of the Republic of Kazakhstan dated October 15, 2018 No. 634, the State Program for the Development of Healthcare of the Republic of Kazakhstan "Densaulyk" for 2016-2020 was approved, the purpose of which was to strengthen the health of the population to ensure sustainable socio-economic development of the country, to introduce a new policy on protecting public health based on an integrated approach to disease prevention and management; and modernization of the national health system focused on efficiency, financial sustainability and support for socio-economic growth [6]. The basis for the development of the state program was the Address of the President of the Republic of Kazakhstan dated January 10, 2018, "New opportunities for development in the context of the fourth industrial revolution."
The President's Address notes the need to adopt a comprehensive plan to combat cancer and create a scientific cancer center. Equally important is providing the health care system with highly effective early diagnosis and treatment of cancer based on international best practice [7].

As a result of the project, "Obtaining a hybrid cell strain producing monoclonal antibodies against the programmed cell death receptor PD-1 of the factor that reduces immunity against cancer" (IRN: AP05130036) obtained strains of hybrid cells producing monoclonal antibodies against the PD-1 receptor of human T-lymphocytes. This project is carried out within the framework of subprogram 102, "Grant funding for research" for 2018-2020. To determine the significance of the obtained hybrid cell strains, it is necessary to conduct studies to assess monoclonal antibodies' characteristics in vivo and in vivo.
The scientific significance and novelty of the project lies in the fact that for the first time in the Republic of Kazakhstan, the chemical, biological, and diagnostic characteristics of monoclonal antibodies to the programmed cell death receptor PD-1 will be determined. The significance of the project for the Republic is to create a precondition for the development of humanized antibodies on its basis, an effective drug for the treatment of melanoma and a decrease in its metastatic activity.
When assessing the project's scientific and technical level, it was revealed that monoclonal antibodies to the human PD-1 receptor in their planned characteristics correspond to the best analogs described in the literature. The scientific and technical level also consists of the participation of highly qualified personnel in the project and modern equipment and techniques.
During the patent search, many patents were revealed, some of which are RU 2013133714 A and US9181342B2. The patents describe monoclonal antibodies against the human programmed cell death receptor. These antibodies are human monoclonal antibodies that specifically bind to PD-1 with high affinity. Most patents describe methods of using monoclonal antibodies against programmed cell death PD-1.
Metrological support of research work. All measuring instruments and test equipment used in scientific research have passed the verification and certification procedure in the relevant accredited organization - LLP "Infradin."
The aim of the project is an obtaining strains of hybrid cells producing monoclonal antibodies to the programmed cell death receptor PD-1, using modern methods of biotechnology (Appendix A).
Project objectives in 2020:

1) Determination of the specificity of monoclonal antibodies against PD-1.

2) Determination of the affinity and avidity of monoclonal antibodies against PD-1. Preparation and submission of a publication to a journal indexed in the Web of science or Scopus database.
3) Study of the ability of monoclonal antibodies to identify T-lymphocytes.

Project tasks are in line with the timetable (Appendix A)

1) Report for 2018: "Obtaining a strain of hybrid cells producing monoclonal antibodies against the programmable cell death receptor PD-1 factor reducing immunity against oncological diseases." Stage: Obtaining strains of microorganisms that produce recombinant PD-1 protein. Inv. No. 0218RK00239.

2) Report for 2019: " Obtaining a strain of hybrid cells producing monoclonal antibodies against the programmable cell death receptor PD-1 factor reducing immunity against oncological diseases." Stage: Obtaining strains of hybrid cells producing monoclonal antibodies to the programmed cell death receptor PD-1. Inv. No. 0219RK00450.

MAIN PART OF THE R&D REPORT
1 Choosing a direction of research

Strengthening the tension of immunity against cancer cells is achieved by introducing antigens specific for tumor cells (vaccine), ex vivo obtained T-killers (cell therapy), and monoclonal antibodies to target immune modulation the microenvironment of cancer cells. Compared to vaccinations and cell therapy, monoclonal antibodies have become more widespread and become mainstream cancer therapy. Monoclonal antibodies have several advantages. For example, they have a shape that makes their pharmacokinetics, pharmacodynamics, specificity, and affinity for an antigen very predictable. The response to the administration of monoclonal antibodies is faster than with vaccination and cell therapy. Monoclonal antibodies can be modulated to increase its specificity and effectiveness. Also, monoclonal antibodies are not limited to tumor antigens as a target; they include immunomodulatory ligands and receptors [8].
One of these targets is the programmed death receptor PD-1 T cells and its ligands PD-L1 and PD-L2. The PD-1 receptor belongs to the CD28 receptor family and transmembrane glycoprotein of the immunoglobulin family with a single extracellular IgV-like domain. Binding of PD-1 to ligands blocks T cells' proliferation and the production of cytokines, especially interleukin and interferon [9, 10]. Under normal physiological conditions, the primary function of PD-1 is to inhibit the effector activity of T cells, prevent overstimulation of immune responses in peripheral tissues, and the onset of autoimmune diseases. For the first time, the PD-1 receptor was isolated from murine T-cell hybridoma and murine hematopoietic progenitor cell LyD9. The receptor contains an extracellular N-terminal IgV-like domain, a transmembrane domain, and a cytoplasmic tail containing two tyrosine residues [11].
PD-1 receptor blockade accelerated the manifestation of several autoimmune diseases, including autoimmune diabetes, experimental autoimmune encephalomyelitis, and graft-versus-host disease, while enhancing antiviral and antitumor immunity. It has been proven that an effective blockade of the interaction between PD-1 and PD-L1 is capable of specifically killing tumor cells using activated killer T cells [12]. Experiments in vitro and on experimental animals have shown that inhibition of the signaling pathway associated with the PD-1 receptor enhances T cells' activity and promotes tumor regression in animals. In vitro, blockade of PD-1 - PD-L1 with antibodies reduced and suppressed the activity of factors that suppress regulatory T cells' activity and thereby restored the activity of effector T cells in the tissues surrounding the tumor. Similarly, blockade of PD-1 in B cells enhanced natural killer cells' activity and increased the production of antibodies against tumor antigens [13].
In experiments on a mouse bladder cancer model, blocking the receptor with monoclonal antibodies increased the number of circulating tumor-specific CD107, CD8 + T cells and CD25 +, FoxP3-, CD4 + B-lymphocytes and significantly reduced the tumor size. Blocking PD-1 with monoclonal antibodies has shown an excellent clinical effect in patients with malignant melanoma of the skin, hepatocellular carcinoma, cancer of the lung, kidney, and esophagus, as well as hematological malignancies [14].
The monoclonal antibodies against the PD-1 receptor that have taken a stable position in the world's pharmaceutical market are ipilimumab, approved for use in 2011. At the end of 2014, two new drugs with the same effect, Pembrolizumab (the commercial name of the drug Keytruda) and nivolumab, appeared on the market. These monoclonal antibodies have been developed for the targeted therapy of malignant skin melanoma. With monoclonal antibodies in 20% of patients, the duration of the immune response reached five years. In contrast to monoclonal antibodies, the traditionally used chemotherapy for skin melanoma was extremely ineffective [15].

These monoclonal antibodies can be effective against other types of cancer as well. For example, pembrolizumab's beneficial effect was observed in 18% of patients diagnosed with non-small cell lung cancer, 27% of patients with renal cell carcinoma, and 28% of patients with melanoma. In these patients, the formation of long-term antitumor immunity was also observed. Monoclonal antibodies inhibited the growth of various malignant tumors for 20–31 months [16].
Toshio Shimizu et al. (2016) studied the safety, tolerability, pharmacokinetics, pharmacodynamics, immunogenicity, and antitumor activity of Pembrolizumab (mAb against the PD-1 receptor) in Japanese patients with stable metastatic tumors in phase I clinical trials. As a result of the counducted studies, no dose-dependent toxic effects were found. Pembrolizumab has shown promising antitumor activity against melanoma and non-small cell lung cancer [2].
The Phase Ib clinical trial evaluated Pembrolizumab's safety and antitumor activity in Japanese patients with metastatic melanoma. As a result of the conducted studies, it was revealed that thirty-four patients (81.0%) experienced side effects associated with the treatment. The most common side effects were pruritus, maculopapular rash, malaise, and level 1–2 hypothyroidism. The drug provided 12 months overall survival in 82.7% with cutaneous melanoma and 51.4% survival for patients diagnosed with mucosal melanoma. The safety profile of pembrolizumab in Japanese patients was similar to that described in previous clinical studies. Pembrolizumab has provided promising antitumor activity in Japanese patients with metastatic melanoma [3].
Nivolumab (Ono Pharmaceutical development code: ONO-4538; Bristol-Myers Squibb development code [BMS]: BMS-936558; ex-Medarex development code: MDX-1106) is a humanized monoclonal antibody against the human PD-1 receptor. The drug was well tolerated with a single dose and demonstrated promising efficacy and tolerability of nivolumab in progressive melanoma, squamous cell non-small cell lung cancer, metastatic renal cell carcinoma of the kidney, platinum-resistant ovarian cancer, and Hodgkin's lymphoma [17].
The first report on the use of nivolumab for treatment was in 2012 with the support of Bristol-Myers Squibb. A positive clinical response was noted in 28% of patients with a survival rate of up to 24 months. Phase I clinical trials with an increased dose of the drug significantly improved the above results. The trial involved 296 patients with advanced cancer. Patients received nivolumab at doses ranging from 0.1 mg/kg to 10 mg/kg every two weeks for two years. Positive clinical changes were observed in 18.4% of patients with non-small cell lung cancer, 27.6% of patients with melanoma, and 27.2% of patients with metastatic renal cell carcinoma of the kidney. Treatment-related side effects included fatigue, anorexia, nausea, rash, and diarrhea. Grade 3 or 4 toxicity was observed in 14% of patients and manifested itself at all dose levels without overt dose-dependence. A study of 107 melanoma patients who received nivolumab between 2008 and 2012 showed a 43% survival rate at two years [18].
Within the project, " Obtaining a strain of hybrid cells producing monoclonal antibodies against the programmable cell death receptor PD-1 factor reducing immunity against oncological diseases", IRN AP05130036 in 2019 was obtained strains of hybrid cells producing monoclonal antibodies against the PD-1 receptor of human T cells. The produced monoclonal antibodies' characteristics determine the significance of the obtained strains and their national economic value. Traditionally, for the assessment of monoclonal antibodies, specificity, cross-reactivity, affinity, cytotoxicity, class, and subclass of antibodies, chain structure, and molecular weight are determined. Antibodies for the therapy of oncological pathologies investigate the ability to stimulate immunocompetent cells, induce the secretion of cytokines or other mediators, and the ability of antibodies to bind to human tissue cells that are different from the expected target.
The leading indicator of the affinity of monoclonal antibodies is their binding constant. This parameter's value is essential for understanding the kinetic and thermodynamic characteristics of an antibody's interaction with an antigen. The parameter determines the possibility of using monoclonal antibodies as diagnostic and therapeutic agents. All applications of monoclonal antibodies require powerful complexes of antibodies with antigens. The binding constant of monoclonal antibodies is determined by J. Beatty et al. [19]. For determination of class and subclass of monoclonal antibodies are used double immunodiffusion, according to the O. Ouchterlony method [20].
To determine the biochemical and immunological properties of antibodies, polyacrylamide gel electrophoresis, Western blotting, enzyme immunoassay, and immunofluorescence are traditionally used. Electrophoresis in 10% polyacrylamide gel according to V.K. Laemmli [21]. Western blot, the principle of which is the transfer of a molecule from a polyacrylamide gel to a nitrocellulose membrane and detecting the protein by immunochemical methods, was carried out according to the method of P.K.Towbin [22].

Immunofluorescence is based on antibodies labeled with fluorescent molecules to detect antigens on the cell membrane. The method allows one to assess the studied receptor's expression on target cells and can be used on cultured cell lines, tissue sections, or individual cells [23].
2 Experimental studies

2.1 Materials and research methods

Determination of the binding constant of monoclonal antibodies. The antigen was immobilized in three rows of a 96-well plate, with the optimal concentration (0.01 mg/ml), and three rows of wells were half the optimal concentration (0.005 mg/ml) in 0.05 M bicarbonate buffer with pH-9,6 and incubated for 12 hours at 4°C. After washing the plate and filling the free surfaces with 1% bovine serum albumin (BSA) solution, two-fold dilutions of mAb, starting with a concentration of 0.005 mg/ml, were introduced into the wells and incubated at 37°C for 1 hour. After washing procedure, the anti-species conjugate was added at a dilution of 1: 1000 and kept at 37°C for 1 hour. The reaction was developed using a substrate, and the result was recorded using a spectrophotometer. Based on the data obtained, graphs - curves - were built, and the binding constant was determined by the formula (1):
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where Mab is the concentration of immunoglobulins in mg/ml that bound 50% of the antigen immobilized at a concentration of 0.005 mg/ml

Mab '- the concentration of immunoglobulins in mg/ml, bound 50% of the antigen immobilized at a concentration of 0.01 mg/ml
Definition of the class and subclass of monoclonal antibodies. To determine the class and subclass of monoclonal antibodies, melted 1% agar (Difco, USA) was poured onto the surface of defatted glass slides located on a strictly horizontal surface until a layer 1.5 mm thick was formed. After the agar solidified, wells with 2-3 mm diameter were cut out using a special stencil and a punch. 0.05 ml of the studied mAb was introduced into the central well, and 0.05 ml of specific antibodies against classes and subclasses of mouse immunoglobulins (Sigma, USA) were added to the rest. Dishes with slides were incubated in a humid chamber for at least 24 hours at room temperature. The reaction results were taken into account by the presence of precipitation bands between the wells with the tested mAb and monospecific antisera. To contrast the precipitation bands, the preparation was stained with Coomassie G-250 solution for 10-15 minutes. The dye solution was prepared as follows: 5 g of Coomassie was dissolved in 1000 ml of a solvent consisting of 450 ml of distilled water, 450 ml of ethanol, and 100 ml of glacial acetic acid. After staining the gel, the background was decolorized using a decolorizing solution prepared from methyl alcohol, acetic acid, and distilled water in a ratio of 50:10:40, respectively.

Determination of the specificity of monoclonal antibodies. The specificity of monoclonal antibodies was determined using an indirect enzyme immunoassay. Homogeneous and heterogeneous proteins were immobilized into the wells of a 96-well plate at an optimal concentration (0.01 mg/ml) in 0.05 M bicarbonate buffer with pH 9.6 and incubated for 12 hours at 4°C. After washing the plate and blocking the free surfaces with 1% BSA solution, two-fold dilutions of mAb were introduced into the wells, starting with a dilution of 1:100 and incubated at 37°C for 1 hour. After washing, the anti-species conjugate was added at a dilution of 1:20,000, kept at 37°C for 1 hour. The reaction was developed using a substrate, and the result was recorded using a spectrophotometer.
Western blot. Western blot setting included the following steps: 1) electrophoresis; 2) the transfer of proteins to nitrocellulose membrane; 3) immunochemical manifestation of nitrocellulose replica.

Electrophoresis of antigen was performed in 11% SDS-PAGE on a vertical electrophoresis apparatus (Hoefer Scientific, USA). Thoroughly washed and degreased glass plates (12x15) were mounted using spacers and clamps. The space between the plates was filled with a separation gel solution consisting of 3.5 ml of 30% acrylamide; 3.1 ml of 1% bisacrylamide; 7.5 ml 1.5 M Tris-HCl (pH 8.7); 6.5 ml distilled water; 0.03 ml 10% SDS; 0.001 ml of TEMED and 0.01 ml of 10% ammonium persulfate. After polymerization of the lower gel, a comb was inserted, and the remaining space was filled with a solution to concentrate the gel prepared according to the following recipe: 1 ml of 30% acrylamide; 1 ml of 1% bisacrylamide; 2.5 ml 0.5 M Tris-HCl (pH 6.8); 5.35 ml distilled water; 0.01 ml 10% SDS; 0.005 ml of TEMED and 0.05 ml of 10% ammonium persulfate. The buffer for dilution of the samples was prepared as follows: 0.25 ml of 2-mercaptoethanol was added to 0.315 ml of 1 M Tris-HCl (pH-6.8); 0.5 ml glycerin, 0.115 ml 10% SDS; 0.05 ml 0.1% bromophenol blue and made up to 5 ml with distilled water. The samples were diluted 1: 1, boiled in a water bath for 3-5 minutes and cooled. Electrophoresis was carried out at a current of 20 mA and a final voltage of 220 V. At the end of the process, and the gel was removed from the plates, stained for 1 hour, and washed in several changes of the decolorizing solution until the background color completely disappeared. Electrophoretic transfer of antigens from the gel to the nitrocellulose membrane was performed using an immunoblotting device (Hoefer Scientific, USA) according to H. Towbin et al. For this, the following solutions were prepared: cathode buffer - 0.3 g of tris and 0.5 g of a glicine were dissolved in 20 ml of methanol, and the volume was brought to 100 ml with distilled water; anode buffer No. 1 - 3.6 g of Tris was dissolved in 20 ml of methanol, and the volume was brought to 100 ml with distilled water; anode buffer No. 2 - 0.3 g of Tris was dissolved in 20 ml of methanol, and the volume was brought to 100 ml with distilled water.

The device was prepared for operation as follows: filter paper (Whatman, USA) soaked in anode buffer No. 1, then soaked in anode buffer No. 2, was placed on a graphite plate, covered with a nitrocellulose membrane (Millipore, USA) and a polyacrylamide gel was placed on the membrane. Covered it with filter paper soaked in cathode buffer and closed the device. The transfer was carried out at a constant current of 0.8 mA/cm of gel for one hour.

The nitrocellulose membrane with antigen was first incubated in a 1% BSA solution overnight at 4°C. Then the membrane was washed three times with PBS and PBS-Tw and kept for 1.5 h at 37°C in a solution of monoclonal antibodies purified from ascites fluid at a dilution of 1: 100 in PBS-Tw. After that, the carrier was rewashed and incubated in a working dilution of anti-species antibodies labeled with horseradish peroxidase (1 h at 37°C). The washing procedure was repeated, and a reaction was developed. The substrate solution was prepared immediately before use: 0.01 g of 4-chloro-naphthol (Sigma, USA), dissolved in 2 ml of methanol, mixed with 18 ml of PBS (pH 7.2-7.4), and 0.01 ml of 3% hydrogen peroxide.
DOT-ELISA. Isolated human T and B lymphocytes at a concentration of 2x104 cells/ml were rolled onto strips of nitrocellulose membrane. After drying, nitrocellulose membranes were incubated for 60 minutes at 37°C with constant stirring in a solution of 0.5% BSA. The strips were removed and washed in a Petri dish in a solution of PBS-Tw pH-7.2. The strips were washed for 5 minutes with constant rocking. The procedure was carried out three times with PBS-Tw and three times with PBS, pH 7.2. A 10 ml dilution of monoclonal antibodies was added to a Petri dish with washed strips and incubated for 60 minutes at 37°C, with constant stirring. After incubation, the washing procedure was repeated. In a Petri dish with washed strips, 10 ml of the anti-species conjugate's working dilution was added and incubated for 60 minutes at 37°C, with constant stirring.
After the washing procedure, 8 mg of 4-chloro-1-naphthol was added to a separate Petri dish, dissolved in 1 ml of ethyl alcohol. After the dissolution of 4-chloro-1-naphthol, 9 ml of PBS pH 7.2-7.4 (substrate mixture) was added. The strips were transferred to the substrate mixture and incubated in a dark place at room temperature (22 + 2°С) for 30 min. The reaction was stopped by washing the strips in PBS. The reaction results were taken into account visually by the presence of gray dots.
2.2 Research results

2.2.1 Determination of the specificity and sensitivity of anti-PD-1 monoclonal antibodies

The productivity of hybridoma strains was determined by ELISA for 8 days. Hybrid cells were seeded in 8 wells of a 24-well plate at 2x10 cells per well. To determine the antibody-producing activity of the hybridomas by ELISA, the culture medium was taken from one well per day for 8 days. The productivity of the hybridomas was determined by comparing the intensity of the reaction in the tested row of wells with a positive control in which a known concentration of mouse immunoglobulins was titrated. The productivity of hybrid cells in cell culture ranged from 17 to 30 μg (Figure 1).

[image: image2]
Figure 1 - Productivity curve of hybrid cell strains producing monoclonal antibodies to rPD-1 protein in vitro
The main biological characteristics of mAb are specificity, sensitivity, and affinity. Specificity demonstrates monoclonal antibodies' ability to selectively react only with the protein to which the antibody is obtained. Heterogeneous proteins were used to determine the specificity of mAb by Western blot and ELISA. The analysis results showed a specific mAb reaction with rPD-1 protein, the molecular weight of which is 20 kDa (Figure 2).
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Figure 2 - Electrophoresis (A) and Western blot (B) in determining the specificity of monoclonal antibodies to the rPD-1 protein
Additionally, the specificity of monoclonal antibodies was determined by enzyme immunoassay with homogeneous and heterogeneous proteins. For this, monoclonal antibodies, starting from a dilution of 1:100, were titrated on a plate with immobilized recombinant PD-1, commercial PD-1 (Abcam), and other recombinant proteins. The analysis results are presented in Table 1.

Table 1 - Titer of monoclonal antibodies with homogeneous and heterogeneous proteins
	Name of monoclonal antibodies
	Recombinant PD-1
	Commercial PD-1 (Abcam)
	rGPR161+Trx+His-tag
	Hexon+His-tag
	rPlyG+His-tag

	H8
	1:12800
	1:12800
	 neg
	neg
	neg

	A5
	1:25600
	1:25600
	also
	also
	also

	E9
	1:12800
	1:12800
	also
	also
	also

	C9
	1:6400
	1:6400
	also
	also
	also

	A4
	1:6400
	1:6400
	also
	also
	also

	Note  

neg - no reaction 


As can be seen from the table, monoclonal antibodies react only with homogeneous proteins in rather high dilutions. For example, the titer of monoclonal antibodies of clone A5 reached 1: 25600, demonstrating that monoclonal antibodies diluted 25 thousand times determine a homogeneous protein at a concentration of 10 μg/ml. Since the recombinant PD-1 protein contained a hexahistidine tag, the resulting monoclonal antibodies could cross-react with it. Recombinant proteins containing a hexahistidine tag and E. coli thioredoxin were included in the experiment to determine the cross-reaction. The analysis showed that no cross-reaction of monoclonal antibodies with heterogeneous proteins containing thioredoxin, and hexahistidine tag was observed.

Sensitivity characterizes the ability of mAb to bind to the lowest concentration of a specific protein. Recombinant PD-1 protein was added at a concentration of 12 μg to 0.15 μg to determine mAb's sensitivity. As a result analysis, it was revealed that in the Western blot, mAb at a dilution of 1: 1000 specifically reacted with rPD-1 protein at a concentration of 0.15 μg/ml following Figure 3.
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Protein concentration: 1 - 12 μg; 2 - 6 mcg; 3 - 3 mcg; 4 - 1.5 mcg; 5 - 0.7 mcg; 6 - 0.3 mcg; 7 - 0.15 μg; MM is a molecular marker.

Figure 3 - Western blot for determining the sensitivity of monoclonal antibodies to the rPD-1 protein
2.2.2 Determination of the affinity and avidity of anti-PD-1 monoclonal antibodies

An enzyme immunoassay with recombinant PD-1 protein at two concentrations of 10 and 5 μg/ml was used to determine monoclonal antibodies' affinity. The calculated concentration of monoclonal antibodies (ng/ml) at optical density OD-50 was 300 and 150 for H8; 220 and 150 for A5; 1250 and 500 for A9; 2000 and 600 for C9. The first indicator is the concentration of monoclonal antibodies at an underestimated concentration of the recombinant protein (5 μg/ml), the second indicator is the concentration of monoclonal antibodies at the optimal concentration of the recombinant protein - 10 μg/ml (Figure 4). 
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Figure 4 - Curve of the binding constant of monoclonal antibodies to the recombinant PD-1 antigen
The binding constant was calculated, substituting the obtained results into formula (1). As a result of the studies, it was determined that the binding constant of monoclonal antibodies ranged from 2x107M-1 to 2x108M-1, which indicates a high sensitivity of monoclonal antibodies to this antigen. Thus, antibodies of clones H8 and A5 had a binding constant of 2x108M-1, antibodies of clone E9 - 4x107M-1, antibodies of clones C9 and A4 - 2x107M-1, following Table 2.

Table 2 - Main characteristics of monoclonal antibodies to rPD-1 
	Name of monoclonal antibodies 
	Antibody subclass
	Binding constant

	H8
	IgG1
	2х108М-1

	A5
	IgG1
	2х108М-1

	E9
	IgG1
	4х107М-1

	C9
	IgG1
	2х107М-1

	A4
	IgG1
	2х107М-1


The subclass of monoclonal antibodies was determined in a diffusion precipitation reaction with monospecific antisera from Sigma. For this, melted 1% agar (Difco, USA) was poured onto the surface of defatted glass slides located on a horizontal surface. After the agar solidified, the studied monoclonal antibodies were introduced into the formed central well, and specific antibodies against classes and subclasses of mouse immunoglobulins were introduced into the remaining wells (Sigma, USA). The reaction results were taken into account by the presence of precipitation bands between the wells with the tested monoclonal antibodies and monospecific antisera. The obtained results showed that monoclonal antibodies to the recombinant PD-1 protein synthesized by the hybridoma belong to class G1 immunoglobulins, in accordance with Table 2.
According to the following scheme, the avidity of monoclonal antibodies was determined by enzyme-linked immunosorbent assay: one row of wells was immobilized with one monoclonal antibody, the second row with other monoclonal antibodies, and the third row with two monoclonal antibodies. During the addition, the identity of the concentration of monoclonal antibodies was strictly observed. As a result of the studies, monoclonal antibodies were divided into two groups that react with the protein's two different epitopes. Thus, monoclonal antibodies with clone H8, A5, E9, and A4 overlapped each other's reactions with the recombinant PD-1 protein. In contrast, clone C9 did not block the reaction of antibodies of other clones with the recombinant protein (Figure 5).
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Figure 5 - Diagram of the reaction of monoclonal antibodies with recombinant PD-1 protein
The figure shows that monoclonal antibodies to the recombinant protein epitopes are divided into two groups of antibodies. The first group of monoclonal antibodies: H8, A5, E9, and A4, reacts with one antigenic epitope, the second group: C9, reacts with another epitope of the recombinant PD-1 protein. 

2.2.3 Study of the ability of monoclonal antibodies to identify T-lymphocytes

DOT-ELISA was used to determine the ability of monoclonal antibodies to bind to T-lymphocytes. For these purposes, T-lymphocytes were isolated from the blood using sheep erythrocytes. The resulting cells were dug onto a nitrocellulose membrane, and the stages of ELISA were performed. In accordance with Figure 6, the results obtained demonstrate the ability of monoclonal antibodies to bind to lymphocytes. 
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1 - T-lymphocytes of mice; 2 - human T-lymphocytes + mAb A4; 3 - human T-lymphocyte + mAb H8; 4 - human T-lymphocyte + mAb A5; 5 - human T-lymphocyte + mAb C9.

Figure 6 - DOT-ELISA with T-lymphocytes
The figure shows that there is no reaction of monoclonal antibodies with mouse T-lymphocytes. The most transparent reaction with human T-lymphocytes was demonstrated by monoclonal antibodies of clones H8 and A5. The results obtained were confirmed by enzyme immunoassay with commercial preparations PD-1 (Abcam).
3 Synthesis and evaluation of results

PD-1 is a receptor for various cells of the immune system, blocking which enhances CD4 + and CD8 + T cells' activity against tumor and viral cells. The primary ligands of the PD-1 receptor are PD-L1 and PD-L2 receptors, which are highly expressed in various human tumor cells. The interaction of PD-1 with ligands allows tumor cells to evade the surveillance of the immune system. Therefore, PD-1 is a crucial therapeutic target in cancer treatment [10, 24, 25, 26].
Monoclonal antibodies against PD-1 and its ligands are successfully used to treat various tumors and occupy a stable position in the world pharmaceutical market. To date, three humanized anti-PD-1 MAbs are being marketed: ipilimumab, pembrolizumab, and nivolumab [27]. These monoclonal antibodies have been developed for the targeted therapy of malignant skin melanoma. With monoclonal antibodies in 20% of patients, the duration of the immune response reached five years. In contrast to monoclonal antibodies, the traditionally used chemotherapy for skin melanoma was extremely ineffective [17].
These monoclonal antibodies can be effective against other types of cancer as well. For example, pembrolizumab's beneficial effect was observed in 18% of patients diagnosed with non-small cell lung cancer, 27% of patients with renal cell carcinoma, and 28% of patients with melanoma. In these patients, the formation of long-term antitumor immunity was also observed. Monoclonal antibodies inhibited the growth of various malignant tumors for 20–31 months [28].

In this work, five hybrid cell strains producing monoclonal antibodies to the rPD-1 protein were obtained. A recombinant PD-1 receptor (amino acid residues 25-163) obtained from Escherichia coli was used to obtain strains of hybrid cells. Analysis of the obtained murine monoclonal antibodies showed a specific reaction with the extracellular fragment of the PD-1 receptor. Monoclonal antibodies had a reasonably high affinity and sensitivity of rPD-1.

Mingzhu Wang et al. (2019) conducted studies on the effect of PD-1 receptor glycosylation on binding to monoclonal antibodies. For these purposes, the authors obtained murine MAbs against recombinant human PD-1 (amino acid residues 21-167), obtained from Escherichia col [29]. Mouse monoclonal antibodies bound to human PD-1 protein and inhibited the interaction of PD-1 and ligands. Then, the authors obtained humanized antibodies following the antibody framework sequences' humanization without changing the affinity and specificity. Structural analysis showed that the MAb is associated with both the interaction with the loops and the glycan portions of PD-1. The results demonstrated that the N-glycosylation of PD-1 does not affect antibody binding [29].
CONCLUSION

Brief conclusions on the results of research work
As a result of the study, strains of microorganisms E. coli BI21 / pET28 / PD-1 and E. coli BL21 / pET32 / PD-1 were obtained, stably producing the recombinant extracellular domain of the human PD-1 receptor. The parameters of isolation and purification of the recombinant extracellular domain of the human PD-1 receptor have been worked out. The molecular weight of the protein produced by the BI21 / pET28 / PD-1 strain was 21 kDa, the molecular weight of the protein produced by the BI21 / pET32 / PD-1 strain was 34 kDa,
Recombinant PD-1 is highly immunogenic, causing antibodies up to a titer of 1:25600. The Western blot showed no sera cross-reactions from immunized mice with heterogeneous proteins and revealed a specific antibody response with a protein having a molecular weight of 21 kDa. MS-MS spectrometry of the recombinant protein showed complete agreement with the PD-1 protein listed in the NCBI and SwissProt databases. Five strains of hybrid cells - H8, A5, E9, C9, A4 producing monoclonal antibodies to PD-1 were obtained.
The cultural and productive properties of the obtained hybrid cells were determined. The concentration of antibodies in the culture fluid, produced by hybrid cells, varied from 17 to 30 μg / ml, in the ascites fluid, from 8 to 16 mg/ml. Methods for the isolation and purification of monoclonal antibodies against PD-1 using HiTrap Protein A HP have been developed. The monoclonal antibodies in the Western blot reacted explicitly with the rPD-1 protein only. The binding constant of monoclonal antibodies against PD-1 ranged from 2x107M-1 to 2x108M-1, which indicates a high sensitivity of monoclonal antibodies to the recombinant protein. The obtained monoclonal antibodies belong to class G1 immunoglobulins and demonstrate the ability to bind to lymphocytes.
Two articles were published in a journal with a non-zero impact factor recommended by CCSES and two articles in a journal indexed in the Scopus database, as well as one thesis in the collection of the European Congress of Biotechnology 2020 (Appendix B and C). One patent for an invention was received (Appendix D), and one patent application was filed (Appendix E).
Assessment of the completeness of solutions to the assigned tasks

As a result of the project, strains of microorganisms E. coli BL21/pET28/PD-1 and E. coli BL21/pET32/PD-1 were obtained, stably producing the recombinant extracellular domain of the human PD-1 receptor. The parameters of isolation and purification of the recombinant extracellular domain of the human PD-1 receptor have been worked out. MS-MS spectrometry of the recombinant protein showed complete agreement with the PD-1 protein listed in the NCBI and SwissProt databases. Five strains of hybrid cells - H8, A5, E9, C9, A4 producing monoclonal antibodies to PD-1 were obtained. The productivity of hybrid cell strains, specificity, sensitivity, affinity, and activity of monoclonal antibodies was determined. The subclass of the obtained monoclonal antibodies and the ability to bind to lymphocytes were determined. One article was published in the journal indexed in the Scopus database, one thesis in the collection of the European Congress of Biotechnologists 2020, and one patent application was filed. The achieved results demonstrate the fulfillment of the assigned tasks in full.
Development of recommendations and initial data on the specific use of research results

The obtained monoclonal antibodies against the recombinant extracellular domain of the human PD-1 receptor are recommended for use to obtain monoclonal antibodies. The developed techniques are recommended for use in obtaining mAb against other surface receptors of eukaryotic cells.

Results of assessing the technical and economic efficiency of implementation: not implemented

The results of assessing the scientific and technical level of the completed research work in comparison with the best achievements in this area

The high scientific and technical level is confirmed by modern research methods: hybridoma technology, immunological methods, and biotechnology methods. Modern equipment was used during the project: a laminar flow cabinet (Esco), a CO2 incubator (Excella ECO-170, New Brunswic), an Eppendorf centrifuge. The following culture media and reagents were used in work: RPMI1640 medium, HAT medium, HT medium, fetal calf serum, polyethylene glycol, dimethyl sulfoxide. 
A comparative analysis of the literature data showed that the obtained monoclonal antibodies against the recombinant extracellular domain of the human PD-1 receptor do not differ in their characteristics from foreign analogs. The scientific and technical level of the results obtained correspond to the best achievements in this field described in the literature.
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APPENDIX А
Work plan (Russian)
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APPENDIX B

Work plan (English)

	Cipher of task, phase
	Name of work under the Contract and the main stages of its implementation
	Period of execution


	Expected Result 

	
	
	
	

	1
	Design and synthesis of a genetic construct carrying the PD-1 receptor gene under de novo conditions. Prepare a publication for a journal with a non-zero impact factor
	January 2018
	March 2018
	The genetic construct's design and synthesis carrying the PD-1 receptor gene were carried out under de novo conditions. Published an article in a journal with a non-zero impact factor recommended by  CCSES

	2
	Generation of a genetic construct based on the pET28 vector carrying the PD-1 receptor gene.
	April 2018
	June 2018
	A genetic construct based on the pET28 vector carrying the PD-1 receptor gene was obtained.

	3
	Transformation of the genetic construct and obtaining a stable strain of microorganisms producing the recombinant PD-1 receptor.
	July 2018
	September 2018
	The genetic construct's transformation was carried out, and stable strains of microorganisms producing the recombinant PD-1 receptor were obtained.

	4
	Isolation and purification of the recombinant PD-1 receptor. Prepare and file a patent application.
	October 2018
	 November 1, 2018
	The conditions for isolation and purification of the recombinant PD-1 receptor have been worked out. A patent application has been prepared and filed.

	5
	Study of the immunological and immunochemical characteristics of the recombinant PD-1 receptor.
	January 2019
	March 2019
	The immunological and immunochemical characteristics of the recombinant PD-1 receptor were studied.

	6
	Obtaining hybrid cell strains producing monoclonal antibodies against PD-1.

Prepare and submit a publication to a journal with a non-zero impact factor
	April 2019
	June 2019
	The obtained hybrid cell strains to produce monoclonal antibodies against PD-1. Published an article in a journal with a non-zero impact factor recommended by CCSES

	7
	Study of the cultural and productive characteristics of hybrid cell strains producing monoclonal antibodies. Prepare and submit an article for publication in the journal indexed in the Web of science or Scopus database
	July 2019
	September 2019
	The cultural and productive characteristics of hybrid cell strains producing monoclonal antibodies were studied. Published an article in the journal indexed in the Web of science or Scopus database

	8
	Refinement of methods for isolation and purification of monoclonal antibodies against PD-1.

Prepare and file a patent application
	October 2019
	 November 1, 2019
	Methods for the isolation and purification of monoclonal antibodies against PD-1 have been developed.

A patent application has been prepared and filed.

	9
	Determination of the specificity of monoclonal antibodies against PD-1.


	January 2020
	April 2020
	The specificity of monoclonal antibodies against PD-1 has been determined.

The affinity and avidity of monoclonal antibodies against PD-1 were determined. Published an article in the journal indexed in the Web of science or Scopus database



	10
	Determination of the affinity and avidity of monoclonal antibodies against PD-1. Prepare and submit an article for publication in the journal indexed in the Web of science or Scopus database
	May 2020
	August 2020
	The affinity and avidity of monoclonal antibodies against PD-1 were determined. Published an article in the journal indexed in the Web of science or Scopus database

	11
	Study of the ability of monoclonal antibodies to identify T-lymphocytes. Publication of research results
	September 2020
	November 1, 2020
	The ability of monoclonal antibodies to identify T-lymphocytes was studied. 2 articles will be published in peer-reviewed foreign scientific journals indexed in the Web of Science or Scopus databases with a non-zero impact factor, two publications in peer-reviewed foreign and domestic scientific journals with a non-zero impact factor.
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In 2018 year
1 Mukantayev K.N., Mukanov K.K., Zhylkibayev A. Role of monoclonal antibodies against the programmable death (PD-1) receptor of T-cells in targeted therapy of melanoma// Eurasian Journal of Applied Biotechnology. – 2018. – Vol.1.  – P.17-22. doi: 10.11134/btp.1.2018.3. The journal is recommended by the Committee for the Control of Education and Science to publish the main results of scientific research. The impact factor of the journal is 0.117 (RSCI).
In 2019 year

2 Adish Zh., Mukantaev KN, Tursunov KA, Kaukabayeva GK, Kanaev DB, Ramankulov EM, Mukanov K.K. Obtaining TRX-PD-1 recombinant protein and determination of its immunogenic properties//Eurasian Journal of Applied Biotechnology. – 2019. – №1. – P.24-33. The journal is recommended by the Committee for the Control of Education and Science to publish the main results of scientific research. The impact factor of the journal is 0.117 (RSCI).
3 Adish Zhansaya⃰, Mukantayev Kanatbek, Tursunov Kanat, Ingirbay Bakhytkali, Kanayev Darkhan, Kulyyassov Arman, Tarlykov Pavel, Ramankulov Yerlan, Mukanov Kasym. Recombinant Expression and Purification of Extracellular Domain of the Receptor PD-1 // Reports of Biochemistry and Molecular Biology. Scopus CiteScore 2019 - 1.5, percentile – 37. 

In 2020 year
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APPENDIX E 

Copies of a patent for an invention
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APPENDIX F

Copies of the Application for an Invention
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