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ABSTRACT
Report 38 pages, 1 book, 4 figure, 2 table, 27 references, 6 appendix
GENE, CLONING, MICROORGANISM STRAIN, RECOMBINANT ANTIGEN, CELL RECEPTOR, BREAST CANCER 
The study's object is hybrid cell strains producing monoclonal antibodies against the GPR161 receptor of breast cancer cells.
The project's goal in 2020 is to determine the chemical, biological, and diagnostic characteristics of monoclonal antibodies against the recombinant GPR161 receptor.
During the work, hybridoma technology, cultural, immunological, biochemical, and biotechnological research methods were used.
As a result of the research, strains of E.coli microorganisms BL21/pET28/GPR161.1, BL21/pET28/GPR161.2, BL21/pET28/GPR161.3 producing recombinant extracellular loops of the GPR161 receptor were obtained. The protein's MS/MS spectrometry showed an agreement with the GPR161 protein presented in international databases. Four strains of hybrid cells H3D8, F10G7, C1G8, and B2C3, producing monoclonal antibodies against the recombinant GPR161 protein were obtained. Preparations of monoclonal antibodies against recombinant GPR161 have been obtained. The obtained monoclonal antibodies belong to class G1 immunoglobulins. The binding constant of monoclonal antibodies ranged from 2x106M-1 to 4x107M-1. Two articles were published in the journal recommended by CCSES, and two articles in journals indexed in the Scopus database.  One patent for an invention was received and one patent application was filed.
The novelty of the results: Monoclonal antibodies to the human GPR161 receptor have been obtained in the Republic of Kazakhstan.

The main design and technical and operational indicators are the specificity and sensitivity of monoclonal antibodies to the GPR161 receptor and beneficial technological properties.

Implementation degree - not implemented.

The development's effectiveness is determined by the chemical, biological, and diagnostic properties of monoclonal antibodies against the GPR161 receptor.

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 development of monoclonal antibodies against various cancer cells' receptors is an important scientific achievement in breast cancer treatment. Indeed, traditional anticancer drugs are usually nonspecific and cause toxicity in malignant cells and normal ones. Unlike traditional drugs, monoclonal antibodies can act as an immunomodulatory agent, be a means of delivering an active substance, or a direct inhibitor of biological molecules.

Monoclonal antibodies are used to treat receptor molecules of cancer cells and are designed to block signaling pathways. One of these monoclonal antibodies is trastuzumab, which has high activity against HER-2 positive breast cancer cells [1]. In addition to the HER-2 receptor, monoclonal antibodies have been produced for other receptors. Primary or acquired resistance to trastuzumab usually occurs with HER-2 positive metastatic breast cancer cells. Several new targeting agents are in clinical development to overcome this problem, including the insulin-like growth factor receptor 1 (IGF-1R). The receptor is a transmembrane tyrosine kinase that is overexpressed in many cancers, including breast cancer [2]. The human epidermal growth factor (EGF) receptor family (HER; erbB) is a receptor with tyrosine kinase activity and is expressed in various tumors, including breast cancer. The vascular endothelial growth factor (VEGF) receptor has also become a target for breast cancer treatment, as angiogenesis plays an essential role in tumor growth and metastasis. [3]

Among the various types of breast cancer, triple-negative breast cancer occupies a special place. This type of cancer cell is characterized by the absence of receptors for estrogen, progesterone, and human epidermal growth in cancer cells. The absence of these receptors means that the proliferation of cancer cells is not supported by the hormones estrogen and progesterone, as well as the presence of too many Her2 receptors. Representing nearly a quarter of all breast cancers, this type of cancer lacks effective targeted therapies due to its high genetic heterogeneity level. Fedin M.E. et al. (2014), when conducting large-scale genomic analysis, revealed a poorly characterized GPR161 receptor of the GPCR family whose overexpression reduces serine phosphorylation of IQGAP1, which corresponds to the observed activation of the mTORC1 signaling pathway. In addition, genetic interactions between GPR161 and IQGAP1 have been identified in human breast cancer cells [4].
Similar studies in our Republic are of great social importance. Today, breast cancer is one of the major cancers among the female population of Kazakhstan. Statistics for 2011 on types of disease show that in Kazakhstan breast cancer is 11.6%, lung cancer - 11.4%, skin cancer - 10.7%, stomach cancer - 8.8%, cervical cancer - 4.8%, oesophageal cancer - 4.4%, myeloblastosis - 4.4%, colon cancer - 4.4% and rectal - 4.4% . 
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 against the extracellular loops of the GPR161 receptor of human cells have been identified. The importance of monoclonal antibodies against the GPR161 receptor of  human cells creates a prerequisite for developing humanized antibodies, an effective drug for the treatment and diagnosis of triple-negative breast cancer.
The project's distinctive feature from the analogs described in the literature is to study monoclonal antibodies' properties against the GPR161 receptor. Descriptions of monoclonal antibodies against the GPR161 receptor have not been revealed in the literature.
In assessing the project's scientific and technical level, the anti-GPR161 monoclonal antibodies matched their planned characteristics and the best analogs described in the literature. The scientific and technical level also consists of participation in highly qualified personnel and modern equipment and techniques.
The metrological provision of the research institute. All measurements and testing equipment used in the research have undergone verification and certification procedures in the relevant accredited organizations - LLD "Infradin." 

The goal of the project in 2020 is to determine the immunochemical, immunobiological and diagnostic characteristics of monoclonal antibodies to the extracellular loops of the human GPR161 receptor.

The project's objectives in 2020:

1) Determination of the specificity of monoclonal antibodies against receptor 161 associated with protein G (GPR161).

2) Determination of the affinity and avidity of monoclonal antibodies against receptor 161 associated with protein G (GPR161). 

3) Study of monoclonal antibodies' ability to identify receptor 161 associated with protein G (GPR161).
Project tasks correspond to the work plan (Appendix A)
1) Research Report for 2018: "Obtaining of strain producing monoclonal antibodies to the marker of metastasizing breast cancer GPR161." Stage 2018: Obtaining strains of microorganisms producing recombinant extracellular loops of the human GPR161 receptor. Inv. No0218RK00261
2) Research Report for 2019: "Obtaining of strain producing monoclonal antibodies to the marker of metastasizing breast cancer GPR161." Stage 2019: Obtaining a hybrid cell strains producing monoclonal antibodies to extracellular loops of the human GPR161 receptor. Inv. No0219K00420
MAIN PART OF THE R&D REPORT
1 Choosing the direction of research of the stage
Breast сancer is the most common type of cancer and the leading cause of death among women. Mortality from this type of cancer is associated with the high metastatic activity of breast adenocarcinoma. In 8 - 10% of women with this diagnosis, local-regional metastases are noted, and in 15 - 30% - distant metastases with the spread of cells in the lymph nodes of the lungs, bones and pelvic organs [6]. Several characteristics of cancer have been identified as the main predictors of disease outcome. For example, tumor size more than 2 cm, damage to the axillary nodes, cells negative for estrogen and progesterone receptors are predicted as a high risk of death [5]. The patient’s age also influences the clinical outcome, for example, in young women, diseases such as triple-negative or HER2 positive breast cancer are more aggressive [7].
Traditional breast cancer markers are estrogen receptor, progesterone hormone receptor, and Her2/neu, determined by immunohistochemistry. However, due to breast cancer's heterogeneity, these traditional markers are often insufficient for accurate prognosis and sufficient validation of therapies. Therefore, it is important to look for additional prognostic markers for breast cancer to predict the clinical response to available therapeutic methods. Also, there is a need to develop additional markers for such tumors that do not express estrogen receptor, progesterone hormone receptor, and HER-2/neu (triple-negative breast cancer) [8].

The GPR161 receptor has been identified as a predictive biomarker for triple-negative breast cancer and regulator of breast cancer cell proliferation and migration. The receptor is involved in the activation of mTORC1/S6K as an effector pathway and binds to IQGAP1. IQGAPs are highly homologous multi-domain proteins involved in the assembly of many regulatory protein complexes. Proteins of the IQGAP family regulate cellular signaling, cell proliferation, migration, and vesicle transport and form intercellular contacts in epithelial tissues [9]. Overexpression of GPR161 reduces IQGAP1 serine phosphorylation, which is consistent with the observed activation of mTORC1. It is generally known that phosphorylation of IQGAP1 at the serine position (1443 a.a.) allows the protein to bind to CDC42, while unphosphorylated IQGAP1 promotes mTOR activation. The authors also identified genetic interactions between GPR161 and IQGAP1 in human breast cancer cells [10].
Monoclonal antibodies are currently recognized as one of the most promising molecules for treating human malignant tumors. Trastuzumab, the first approved monoclonal antibody for the treatment of metastatic breast cancer whose cells overexpress erbB2. This monoclonal antibody has confirmed the clinical benefit of producing and using monoclonal antibodies directed against specific cell growth factor receptors. Trastuzumab is a recombinant humanized anti-eerbB2 monoclonal antibody that binds to the receptor's extracellular domain and blocks intracellular signaling. Amplification of the erbB2 gene, which occurs in 20–25% of human breast cancer cases, is an independent unfavorable prognostic factor [11].
Since only 25% of breast cancers can be treated with trastuzumab, due to the high expression of erbB2, new targeted therapies have been developed to treat the remaining tumors. One such drug is pertuzumab, a recombinant humanized monoclonal antibody against another epitope of erbB2. Pertuzumab inhibits both homodimerization and heterodimerization of erbB with other receptors [11].

Bevacizumab is a humanized monoclonal antibody directed against VEGF-A and prevents all VEGF isoforms from binding to all VEGF receptors. Bevacizumab can reduce tumor angiogenesis and block the growth of human tumor xenografts. The combination of this anti-VEGF antibody and chemotherapy is more potent than chemotherapy alone or antibody alone [11].

Immunotherapy, based on monoclonal antibodies against marker receptors, aims to block signaling pathways and increase the immune status against cancer. However, numerous approaches with humanized monoclonal antibodies have failed in cancer therapy. The main problems associated with modern antibody therapy are insufficient specificity of antibodies, low expression of the target in cells, and the lack of involvement of target proteins in cancer proliferation, apoptosis, and metastasis [12].
Most therapeutic agents based on antibodies' biological activity are associated with the induction of natural immune effector mechanisms. Several monoclonal antibodies undergoing clinical trials or used to treat hematological malignancies induce apoptosis in tumor cells. For example, antibodies against CD20 (Rituximab) and antibodies against CD52 (Tositumomab) directly induce apoptosis of tumor cells, significantly increasing the clinical efficacy of treatment [13]

In the U.S., Rituximab has been approved for non-Hodgkin's lymphoma treatment, and clinical trials of Rituximab in combination with conventional chemotherapy are currently underway. In the form of a conjugate with a radioactive component (radioimmunoconjugate Bexxar), Tositumomab is currently being considered a drug to confirm lymphoma [14]. High levels of CD20 expression were found in most normal and neoplastic B-lymphocytes. Evidence suggests that CD20 can act as a calcium channel to initiate intracellular signals and modulate cell growth or differentiation. It has been demonstrated that antibodies induce cell apoptosis through the dimerization of CD-20 [15].

Given the relevance of obtaining monoclonal antibodies against new markers of cancer cells, within the framework of project AP05130053 in 2019, strains of hybrid cells producing monoclonal antibodies against the GPR161 receptor of human cells were obtained. For the successful use of monoclonal antibodies, the latter are being investigated for biochemical, biological, and immunological properties. The evaluation of monoclonal antibodies' properties includes the determination of specificity, cross-reactivity, affinity, cytotoxicity, class, and subclass of antibodies, chain structure, and molecular weight. Equally important is antibodies' 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 affinity of antibodies is associated with the accuracy of the antigen-binding center's stereochemical correspondence and the antigenic determinant complementary to it. The actual values of the binding constant are essential for determining the thermodynamic characteristics of the antigen-antibody interaction. For practical purposes, particularly for the development of ELISA methods, it is sufficient to know the practical values characterizing the properties of the antibodies used. The binding constant of monoclonal antibodies is determined by J. Beatty et al. [16]. The class and subclass of monoclonal antibodies are determined by double immunodiffusion, according to the O. Ouchterlony method [17].

To determine the biochemical and immunological properties of antibodies, the following methods are used: polyacrylamide gel electrophoresis, Western blotting, enzyme-linked immunosorbent assay and immunofluorescence. The need for these experiments is based on the fact that each antibody molecule is specific to the antigenic determinant with which it binds.  However, as a rule, some determinants are common to several antigen molecules, especially when it comes to similar molecules of related species of microorganisms.

Electrophoresis was carried out in 10% polyacrylamide gel according to the method described by V.K. Laemmli [18]. One of the important analytical methods widely used in studying particular proteins is PAGE electrophoresis. This research method's application is based on the fact that electrophoresis in PAGE using SDS-Na makes it possible to fractionate proteins depending on the values of only one parameter - their molecular weight.

The principle of Western blotting is that molecules separated by polyacrylamide gel electrophoresis can be transferred to a nitrocellulose membrane, reproducing an electrophoretic separation pattern. Nitrocellulose membranes, after transferring proteins from the gel, are incubated with the investigated or known antibodies. Using labeled antibodies, individual antigenic bands are detected that have reacted with the antibodies under study [19]. In its full version, the method is used as the exceptional ability of electrophoresis in PAGE to separate molecules, the concentrations of which are very low, and the properties of antibodies to reveal specific antigenic determinants. Thus, the method is most often used to determine the composition and molecular size of antibodies. However, it is also very useful for determining antibodies' specificity and searching for molecules related to antigenic structure in the same or different antigenic preparations.

Immunofluorescence is widely used in biological and medical research and is one of the most important and effective methods. This method is based on the use of antibodies labeled with fluorescent molecules to detect antigens on the cell membrane. In this regard, the specificity of antibodies to their antigen is the main requirement for this method. The method also makes it possible to assess the investigated receptor's expression on target cells and can be used on cultured cell lines, tissue sections, or individual cells.

There are two types of immunofluorescence assays, which include indirect immunofluorescence assay and direct immunofluorescence assay. The protocol for indirect immunofluorescence assay mainly involves tissue or cell separation, tissue or cell fixation, serum blocking, primary antibody incubation, marked second antibody incubation, staining, and discussion of the obtained results. In contrast to the indirect, in the direct version of the immunofluorescence assay, only the marked primary antibody is incubated [20].
2 Experimental research

2.1 Materials and research methods

Polyacrylamide gel electrophoresis. According to V.K. Laemmli, protein electrophoresis was performed on an apparatus for vertical electrophoresis (Hoefer Scientific, USA) using a tris-glycine buffer [18].

Determination 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 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 particular 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 solution prepared from methyl alcohol, acetic acid, and distilled water in a ratio of 50:10:40, respectively.
Determination of the sensitivity of monoclonal antibodies. The sensitivity and specificity of monoclonal antibodies were determined using an indirect enzyme immunoassay. For this, the antigen was immobilized in 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% bovine serum albumin solution, two-fold dilutions of mAb, starting with a concentration of 0.001 mg/ml, were introduced into the wells and incubated at 37°C for 1 hour. Then it was washed and added to the anti-species conjugate at a dilution of 1:1000, and incubated 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) transfer of the proteins to nitrocellulose membrane; 3) immunochemical manifestation of nitrocellulose replica.

Electrophoresis of the recombinant protein was performed in an 11% polyacrylamide gel in the presence of sodium dodecyl sulfate (SDS) according to the method of J. Laemmli et al. on an apparatus for vertical electrophoresis (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 of 1.5 M Tris-HCl (pH 8.7); 6.5 ml of distilled water; 0.03 ml of 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 of 0.5 M Tris-HCl (pH 6.8); 5.35 ml of distilled water; 0.01 ml of 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 of glycerin, 0.115 ml of 10% SDS; 0.05 ml of 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, 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 glycin 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. After that, the gel was covered with filter paper soaked in cathode buffer and the device was closed. The transfer was carried out at a constant current of 0.8 mA/cm of gel for 1 hour.

For the immunochemical manifestation of specific antigens, the membrane was first incubated in a 1% of bovine serum albumin solution overnight at 4°C. Then the membrane was washed three times with PBS-Tw and PBS 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 as follows: 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 0.2 ml of 3% peroxide.
Determination of the binding constant of monoclonal antibodies. The antigen was immobilized with the optimal concentration (0.01 mg/ml) in three rows of a 96-well plate. 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 to determine the binding constant of antibodies. After washing the plate and filling the free surfaces with 1% bovine serum albumin 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. Then the plate was washed and the anti-species conjugate was added at a dilution of 1:1000, followed by incubation at 37°C for 1 hour. The reaction was developed by adding a substrate and the result was taken into account using a spectrophotometer. Based on the data obtained, graphs - curves - were built, and the binding constant was determined by the formula [16]:
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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.
Enzyme-linked immunosorbent assay with homogeneous and heterogeneous proteins. The ability of monoclonal antibodies to react with the GPR161 receptor was determined using an indirect enzyme-linked immunosorbent assay. For this, a 96-well plate was immobilized with recombinant GPR161 protein, commercial GPR161 protein, and other heterogeneous proteins 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% bovine serum albumin solution, two-fold dilutions of mAb, starting with a concentration of 0.001 mg/ml, were introduced into the wells and incubated at 37°C for 1 hour. Then the plate was washed and the anti-species conjugate was added at a dilution of 1:1000, followed by incubation at 37°C for 1 hour. The reaction was developed by adding a substrate and the result was taken into account using a spectrophotometer.
2.2 Research results

2.2.1 Determination of the specificity of monoclonal antibodies against G-protein coupled receptor 161 (GPR161)

 Monoclonal antibody preparations salted out with ammonium sulfate from ascites fluid were analyzed by electrophoresis. Electrophoresis of the obtained preparations in 11% polyacrylamide gel, among five proteins present in the ascites fluid, showed the presence of two protein bands with molecular weights of 67 kDa and 29 kDa, which corresponds to the molecular weight of the heavy and light chains of immunoglobulins (Figure 1).
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1 - H3D8; 2 – F10G7; 3 – C1G8; 4 – В2С3; мм – molecular markers
Figure 1 - Electrophoresis of monoclonal antibodies to recombinant GPR161

The subclass of monoclonal antibodies was determined in a diffusion precipitation reaction with monospecific antisera from Sigma. The results of determining the subclass of antibodies show that the monoclonal antibodies synthesized by the hybridoma belong to class G1 immunoglobulins (Table 1).

Determination of the specificity of monoclonal antibodies to the recombinant GPR161 protein was performed by Western blotting. The results showed that monoclonal antibodies to the recombinant GPR161 antigen reacted with proteins with a molecular weight of 25 kDa (Figure 2).
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Lane 1 - H3D8 monoclonal antibody; lane 2, monoclonal antibody F10G7; lane 3, monoclonal antibody C1G8; lane 4 - monoclonal antibody B2C3; MM is a molecular marker
Figure 2 - Western blot of monoclonal antibodies with recombinant GPR161 antigen

The results obtained by the Western blot were confirmed by enzyme immunoassay. For the experiment, monoclonal antibodies obtained from culture media and ascites fluid of hybrid cells were used. The antibody titer of clones H3D8, F10G7, and B2C3 in ascites fluid was 1:6400 (Table 1).
Table 1 - Main characteristics of monoclonal antibodies
	Name of monoclonal antibodies
	Antibody subclass
	The antibody titer in cell culture
	Antibody titer after purification with ammonium sulfate

	H3D8
	IgG1
	1:16
	1:6400

	F10G7
	IgG1
	1:16
	1:6400

	C1G8
	IgG1
	1:32
	1:12800

	В2С3
	IgG1
	1:16
	1:6400


Monoclonal antibodies of clone C1G8, in contrast to other antibodies, demonstrated an antibody titer in ascites fluid of 1: 12800. Significantly low antibody titers, but correlated with ascites fluid antibody titers, were demonstrated by hybrid cell strains. 
2.2.2 Determination of the affinity and avidity of monoclonal antibodies against G-protein coupled receptor 161 (GPR161)

The binding constant of monoclonal antibodies was determined using an indirect enzyme immunoassay. The concentration of monoclonal antibodies of clone F10G7, which binds 50% of the antigen, is 1750 and 625 ng in accordance with Figure 3. The concentration of monoclonal antibodies of clone H3D8 - 1250 and 625 ng, clone C1G8 - 900 and 400 ng, clone B2C3 - 1250 and 625 ng. In this case, line 1 is the curve of monoclonal antibodies' reaction with the optimal concentration of antigen, and line 2 is the curve of the reaction of monoclonal antibodies with the concentration of antigen below the optimum. 
[image: image4.png]DKCTUHLIMA (YCIIOB. €/1.)

=}

5

o

o

=~
AN

-

©

§6°@'\'?®'@® FVIRUIRC I I BN

KOHIIEHTpAINA HMMYHOTIOGYITHHOB B HI/MIT

——5 MKT/™MT
— 10 MKT/MIT




1 - the curve of monoclonal antibodies' reaction with the optimal concentration of antigen; 2 - the curve of monoclonal antibodies' reaction with an antigen concentration below optimal.

Figure 3 - Curve of the binding constant of monoclonal antibodies produced by clone F10G7

Substituting the obtained data into formula (1) and calculated the binding constant of monoclonal antibodies. The results show that monoclonal antibodies have a fairly high affinity. Thus, the binding constant of monoclonal antibodies of clone H3D8 was 2x107M-1, clone F10G7 -2x106M-1, clone C1G8 - 4x107M-1, clone B2C3 - 2x107M-1.

According to the following scheme, the avidity of monoclonal antibodies was determined by enzyme-linked immunosorbent assay: monoclonal antibodies were separately introduced into the first four rows. Monoclonal antibodies were introduced into the next four rows in a combination of H3D8 + C1G8, F10G7 + B2C3, C1G8 + F10G7 and H3D8 + B2C3, while strictly observing the identity of the concentration of monoclonal antibodies. The results demonstrate that monoclonal antibodies of clones H3D8 and C1G8 react with the same protein epitope, blocking. Similar results were obtained with the combination of F10G7 and B2C3 monoclonal antibodies (Figure 4).
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Figure 4 - Diagram of the activity of monoclonal antibodies

With the combination of monoclonal antibodies in the following composition C1G8 + F10G7 and H3D8 + B2C3, the enzyme immunoassay intensity increased markedly. The obtained results demonstrate that these monoclonal antibodies react with different antigen epitopes and block each other.
2.2.3 Study of the ability of monoclonal antibodies to identify receptor 161

The study of the diagnostic value of the obtained monoclonal antibodies was carried out by determining the specificity of antibodies in an indirect variant of ELISA with homologous and heterologous antigens.

Homologous and heterologous antigens at a concentration of 10 μg/ml were immobilized on the bottom of the well of an immunological 96-well plate to set up the enzyme immunoassay. The plate was washed to remove unbound reaction components, and the test antibodies were added at a dilution of 1: 1000. The formed "antigen-antibody" complexes were detected with anti-species antibodies labeled with peroxidase. The research results are presented in Table 2.

Table 2 - Ability of monoclonal antibodies to identify the GPR161 receptor
	Antigens
	Monoclonal antibody titers isolated from ascites fluid

	
	H3D8
	F10G7
	C1G8
	В2С3

	Recombinant GPR161 protein
	1:6400
	1:6400
	1:12800
	1:6400

	Commercial drug GPR161 protein
	1:6400
	1:6400
	1:12800
	1:6400

	Recombinant PD-1 protein
	РО
	РО
	РО
	РО

	Recombinant PD-L1 protein
	РО
	РО
	РО
	РО

	Thioredoxin
	РО
	РО
	РО
	РО

	6His-tag
	РО
	РО
	РО
	РО

	Note - R.O. – negative reaction


As can be seen from Table 2, monoclonal antibodies obtained against the recombinant GPR161 protein of human cells actively interact with homologous antigens without reacting with heterogeneous proteins, and demonstrate the ability to identify the GPR161 receptor.

3 Summarizing and evaluation of results

The GPR161 receptor belongs to the GPCR family of receptors and is not well characterized in terms of regulating the oncogenesis of cancer cells. Studies described in the literature demonstrate the critical role of the GPR161 receptor only in the process of normal cell development. In some studies, it was noted that GPR161 is part of a signaling network that provides resistance to inhibition of the MAP kinase signaling pathway in melanoma [22].

In the works of Feigin M.E et al. (2014), the GPR161 receptor was identified as a predictive biomarker for triple-negative breast cancer and is an essential regulator of proliferation and migration of cancer cells [4]. Triple-negative breast cancer is characterized by a lack of expression of estrogen receptor, progesterone receptor, and epidermal growth factor receptor (Her2), early relapses, and poor prognosis [22, 23, 24]. Like all GPCR family receptors, the receptor converts signals from extracellular ligands across the plasma membrane, modulating intracellular signaling pathways. The receptor is involved in activating the mTORC1/S6K signaling pathway by reducing IQGAP1 phosphorylation [25].

Transformation of signals from extracellular ligands is mainly achieved by activating heterotrimeric G-proteins and processing secondary intermediate proteins. The receptor comprises seven transmembrane helices that regulate various physiological processes, including vision, smell, taste, behavior, and signaling in the autonomic nervous system. The wide range of receptor functions has contributed to the widespread use of GPCRs as targets in treating many diseases. The widespread use of drugs based on GPCR also results in the localization of receptors on the cell surface and their ability to bind various ligands, including antibodies, peptides, and small molecules [10].

However, drugs targeting GPCRs are rarely used in cancer treatment, despite evidence of receptor involvement in various aspects of cancer development. Modern genetic studies have shown that mutations in receptor genes, changes in the number of copies and expressions of receptor genes, and changes in receptor gene blasting have been found in some cancers [9].

Monoclonal antibodies are one of the most promising agents for treating human malignant tumors [26]. Were obtained monoclonal antibodies to MUC1, an important marker of breast cancer alonge with the traditional markers of the estrogen receptor, progesterone receptor, and HER/2-neu. mAb has been used to diagnose more than 90% of breast cancers, including triple-negative breast cancer [27].

In this work, hybrid cell strains producing monoclonal antibodies to a fragment of the GPR161 receptor were obtained. Monoclonal antibodies have reasonably high specificity, affinity, and activity. The study results confirm the possibility of the humanization of mAb against the GPR161 receptor based on the use of the obtained hybrid cell strains.
CONCLUSION

Brief conclusions on the results of research work
As a result of research, based on the expression vectors pET28 and pET32, six genetic constructs carrying the genes of 3 extracellular loops of the human GPR161 receptor have been designed. E. coli BL21/pET28/GPR161.1, BL21/pET28/GPR161.2, BL21/pET28/GPR161.3 strains producing recombinant extracellular loops of the GPR161 receptor were obtained. The conditions for isolation and purification of the recombinant protein have been worked out. The protein's MS/MS spectrometry showed a high agreement with the amino acid sequence of the GPR161 protein presented in international databases.

As a result of the research, four strains of hybrid cells H3D8, F10G7, C1G8, B2C3, producing monoclonal antibodies against the recombinant GPR161 protein, were obtained. The cultural and productive characteristics of monoclonal antibodies were determined.

As a result of the studies carried out, preparations of monoclonal antibodies against the extracellular fragment of the GPR161 receptor were obtained. The obtained monoclonal antibodies belong to class G1 immunoglobulins and react specifically with the GPR161 protein. The binding constant of monoclonal antibodies ranged from 2x106M-1 to 4x107M-1. The ability of monoclonal antibodies to identify the GPR161 receptor has been determined. 

Two articles were published in the journal recommended by CCSES, and two articles in journals indexed in the Scopus database, as well as one thesis in the collection of the European Congress of Biotechnology 2020 (Appendices 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 studies, the design and synthesis of genetic constructs carrying the genes of the human GPR161 receptor's extracellular loops were carried out under de novo conditions. Based on the pET28 and pET32 vectors, genetic constructs carrying the genes of the human GPR161 receptor's extracellular loops were obtained. Transformation of electrocompetent cells was carried out, and stable strains of microorganisms producing recombinant extracellular loops of the human GPR161 receptor were obtained. The conditions for isolation and purification of recombinant extracellular loops of the human GPR161 receptor have been worked out.

The immunological and immunochemical characteristics of the recombinant GPR161 were studied. Four strains of hybrid cells producing monoclonal antibodies against the recombinant GPR161 were obtained. The cultural and productive characteristics of hybrid cell strains producing monoclonal antibodies against recombinant GPR161 were studied, and a method for the isolation and purification of monoclonal antibodies against GPR161 has been developed.

The specificity, affinity, avidity, and ability of monoclonal antibodies to identify the GPR161 receptor have been determined. 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 strains of microorganisms producing recombinant extracellular loops of the human GPR161 receptor are recommended to obtain mono- and polyclonal antibodies. The developed techniques are recommended for use in the synthesis of other surface receptors of eukaryotic cells. The obtained monoclonal antibodies and hybrid cell strains can be used to obtain humanized monoclonal antibodies.

The 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 obtained producer strains, recombinant extracellular loops of the human GPR161 receptor, and monoclonal antibodies with high specificity and sensitivity with a binding constant from 2x106M-1 to 4x107M-1 correspond to the best achievements in this field. The high scientific and technical level is also confirmed by modern research methods: hybridoma technology, cell culture, 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 this work: RPMI1640 medium, HAT medium, H.T. medium, fetal calf serum, polyethylene glycol, dimethyl sulfoxide. A comparative analysis of the literature data showed that the obtained producer strains and recombinant extracellular loops of the human GPR161 receptor, the obtained monoclonal antibodies against the human's extracellular loops GPR161 receptor, in their characteristics, do not differ from foreign analogs. The scientific and technical level of results corresponds to the best achievements described in the literature.
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APPENDIX A

A work plan on the 2018-2020 years (Russian)
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APPENDIX B

A work plan on the 2018-2020 years (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 gene of G-protein coupled receptor 161 (GPR161) uder de novo conditions. Preparetion of a publication for a journal with a non-zero impact factor
	January 2018
	March 2018
	The design and synthesis of a genetic construct carrying the gene  of  G-protein coupled receptor 161 (GPR161) will be carried out under de novo conditions. An article  will be published in a journal with a non-zero impact factor recommended by CCSES 

	2
	The generation of a genetic construct is based on the pET28 vector carrying the gene  of   GPR161.
	April 2018
	June 2018
	Genetic construct based on the pET28 vector carrying the gene  of   GPR161 will be obtained

	3
	Transformation of the genetic construct and obtaining stable strains of microorganisms producing recombinant GPR161.
	July 2018
	September 2018
	The genetic construct's transformation will be carried out, and stable strains of microorganisms producing recombinant GPR161 will be obtained.

	4
	Isolation and purification of recombinant GPR161. Preparetion and filing of a patent application.
	October 2018
	 November 2018
	The conditions for the isolation and purification of recombinant GPR161 will be worked out. A patent application will be prepared and filed.

	5
	Study of immunological and immunochemical characteristics of recombinant GPR161.
	January 2019
	March 2019
	The immunological and immunochemical characteristics of the recombinant GPR161 will be studied.

	6
	Obtaining strains of hybrid cells producing monoclonal antibodies against the  recombinant GPR161. Preparetion and submition of a publication to a journal with a non-zero impact factor
	April 2019
	June 2019
	The obtained hybrid cell strains producing monoclonal antibodies against the GPR161 will be obtained. An article  will be published 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 against the  recombinant GPR161. Preparetion and submittion of a paper 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 against the GPR161 will be studied. An article  will be published in the journal indexed in the Web of science or Scopus database 

	8
	Development of methods for isolation and purification of monoclonal antibodies against  recombinant GPR16.  Preparetion and filing of a patent application.
	October 2019
	 November 1, 2019
	Methods for isolation and purification of monoclonal antibodies against GPR161 will be developed. A patent application will be prepared and filed.

	9
	Determination of the specificity of monoclonal antibodies against  recombinant GPR161.
	January 2020
	April 2020
	The specificity of monoclonal antibodies against GPR161 will be determined.

	10
	Determination of the affinity and avidity of monoclonal antibodies against the  recombinant GPR161. Preparetion and submittion of 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 GPR161 will be  determined.  An article  will be published in the journal indexed in the Web of science or Scopus database 

	11
	Study of the ability of monoclonal antibodies to identify GPR161 in MCF-7 transplantable cell culture. Publication of research results.
	September 2020
	November 1, 2020
	The ability of monoclonal antibodies to identify GPR161 in the culture of MCF-7 transplanted cells will be studied.

2 articles will be published in peer-reviewed foreign journals indexed in the Web of science or Scopus database, one publication in a peer-reviewed foreign scientific journal with a non-zero impact factor.

	.
	
	October 2020
	 November 1, 2020
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Copies of a patent for an invention 
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