KHARKIV NATIONAL MEDICAL UNIVERSITY
Faculty 5th Faculty for Training of Foreign students
Department of Medical Biology 

Area of expertise 22 – Healthcare
Specialty 222 – Medicine
Master’s Degree
Program Medicine
Syllabus on the academic discipline
Fundamentals of Molecular, Cellular and Nanomedicine
	Syllabus approved on meeting of the department of
Medical Biology
Meeting minutes
“  28  ”       August         2020, No. 1_ 
Acting Head of the department 

_______________     I.P. Meshcheryakova
          (signature)        (surname and initials)
	
	Approved by the KhNMU Methodological Commission on Problems of
Natural Science Training
____

_______________________________________

                                    (title)

Meeting minutes
“  28  ”   of august, 2020  №  8_

  Head

____________     prof. О.А. Nakonechna
      (signature)         (surname and initials)

	“_28_”_August_______________ 2020
	
	“_28_”_August_______________ 2020


Fundamentals of Molecular, Cellular and Nanomedicine
Information about professors and lecturers
Compiler/author of the syllabus: Professor, Doctor of Medical Science Valerii V. Myasoyedov,
Senior Lecturer Iurii O. Sadovnychenko
Lecturer Senior Lecturer Iurii O. Sadovnychenko
Information about the lecturer researches in the field of molecular epidemiology, higher medical education quality, author of 150 scientific works and academic publications, teaching and research experience in V.N. Karazin Kharkiv National University, National University of Pharmacy, National Technical University “Kharkiv Polytechnical Institute”, Merited Education Worker of Ukraine

Contacts of the lecturer: 707-73-36, yo.sadovnychenko@knmu.edu.ua
Information about counselling: offline and online consultations on demand.
Location of the Department of Medical Biology: building A, 2nd floor.
Information on the discipline
1. Description of the discipline
Course VI
Semester/academic year XI semester, __________ academic year
Discipline consists of 4.0 ECTS credits, 10 lecture hours, 10 hours of practical classes, 100 hours of independent work
General characteristics of the discipline In the trend of medicine of the XXI century on minimally invasiveness, individuality and prevention, the discipline lays the foundations for understanding the importance of molecular and cellular diagnostics, prevention and strictly individualized gene and cell therapy for maintaining and strengthening public health.
Role and place of the discipline in the system of training specialists The discipline provides students with rethinking and mastering the relevant general and professional program competencies at the nano- and micro-levels, and is a necessary link in the training of a competitive specialist capable of lifelong learning.
2. Purpose and objectives of the discipline
Purpose: formation of systematic knowledge on the etiology and pathogenesis of hereditary and acquired diseases at the molecular and cellular levels, as well as modern practical skills for their diagnosis, treatment and prevention.

Objectives of the discipline:
· deepening the theoretical foundations of personalized medicine (terminology, basic principles, approaches and methods);
· determination of etiology and pathogenesis of diseases based on the achievements of omix, cellular, nanotechnology and bioinformatics;
· development of practical skills in diagnosing, treating and preventing socially significant diseases by molecular, cellular and nanomedicine;
· expanding the use of laboratory research methods (organoleptic, physical, chemical, molecular biological, cytological, bacteriological methods);
· mastering of algorithms of development and introduction in clinical practice of technologies of molecular, cellular and nanodiagnostics and therapy.

3. Status of the discipline: elective
Format of the discipline: offline
4. Teaching methods: verbal (lecture, explanation, instruction, conversation, educational discussion), visual (illustration, demonstration, self-observation), practical (exercises, practical work and solving situational problems to develop skills), innovative (business game, case) -method, etc.), independent work of students on comprehension and mastering of new material, performance of individual tasks, use of control and educational computer programs on discipline.
Teaching aids: presentations, animations, computer programs, lecture notes, methodical instructions for practical classes for students, methodical materials that provide independent work of students, protocols of practical classes.
5. Recommended literature
1) Clinical Molecular Medicine: Principles and Practice / D. Kumar (Ed.). — London, San Diego, Cambridge, Oxford: Academic Press, 2020. — 606 p.
2) Kurreck J., Stein C.A. Molecular Medicine: An Introduction. — Weinheim: Wiley-VCH Verlag GmbH & Co. KGaA., 2016. — 404 p.
3) Jane K.K. The Handbook of Nanomedicine. — N.‑Y.: Humana Press, 2017. — 661 p.

4) Molecular Pathology: The Molecular Basis of Human Disease. 2nd ed. / W.B. Coleman, G.J. Tsongalis (Eds.). — London, San Diego, Cambridge, Oxford: Academic Press, 2017. — 802 p.

6. Prerequisites and co-requisites of the discipline: medical biology, medical chemistry, biological and bioorganic chemistry, histology, cytology and embryology, human anatomy, physiology, pathomorphology, pathophysiology, medical and biological physics, medical informatics, microbiology, virology and immunology genetics, clinical pharmacology, clinical immunology and allergology, social medicine and public health, hygiene and ecology, epidemiology and principles of evidence-based medicine, the whole range of disciplines.
7. Outcomes
Upon completion of the discipline, students should know:
1) Organization and functioning of human genomes and cells and pathogens of its diseases.
2) Molecular and cellular basis of pathology.
3) Basic omix technologies, their capabilities and limitations.
4) Principles and areas of application of bioinformatics technologies, methods of analysis of biomedical information.
5) Features of stem cells, their cultivation and preservation.
6) Modern approaches in cell transplantation and tissue engineering.
7) Possible complications of transplants and methods of their prevention.
8) Technologies for obtaining recombinant DNA.
9) Methods of cell reprogramming in culture.
10) The main stages of development and testing of drugs and treatment technologies in precision medicine.
11) Methods of molecular, cellular and nanotherapy and prevention of human diseases.
12) Basic bioethical principles in precision medicine.
be able:
1) Provide the necessary level of individual and biosafety in the individual field of activity.
2) Isolate and analyze nucleic acids and proteins using basic molecular genetic research methods.
3) Analyze the data of sequencing (genome), changes in gene expression (transcript), mass spectrometry in proteomic (proteomic) and metabolic (metabolic) studies.
4) Use algorithms for processing and analysis of biomedical information to search for candidate genes, gene networks, new drug targets and biomarkers, new effective and safe drugs, etc.
5) To determine the method of culturing different cell types based on their functional features.
6) Assess the viability of cultured cells.
7) Transform cells in culture.
8) Analyze biological and medical images, use machine learning methods for processing biological, chemical and medical data.
9) Perform three-dimensional modeling of proteins and use 3D structures of proteins to search for new drugs.
10) Choose the relevant type of therapy for the disease based on knowledge of human pathology at the molecular and cellular levels.
11) Maintain medical records.
Content of the discipline
Structure of the academic discipline
	Titles of  discipline sections and topics
	Hours

	
	Form of studies (full-time and part-time)

	
	total 
	Including

	
	
	lec
	prac
	lab
	indiv
	inde-pendent work

	Topic 1. Omix technologies in precision medicine
	20
	2
	2
	
	Preparation of a review of the scientific literature
	16

	Topic 2. Translational bioinformatics in medicine
	22
	2
	2
	
	
	18

	Topic 3. Cellular technologies in modern medicine
	20
	2
	2
	
	
	16

	Topic 4. Basics of nanomedicine
	18
	2
	‒
	
	
	16

	Topic 5. Advanced technologies of molecular, cellular and nanotherapy and prevention
	20
	2
	2
	
	
	16

	Final practical class, test
	10
	‒
	2
	
	
	8

	Individual independent work: elaboration of educational and scientific literature, writing essays, preparation of a report for a conference, etc.
	10
	
	
	
	
	10

	Total hours of discipline
	120
	10
	10
	
	
	100


Lectures
	#
	Topics
	Hours

	1
	Omix technologies in precision medicine
	2

	2
	Software tools and databases of bioinformatics in medicine
	2

	3
	Cellular technologies in modern medicine
	2

	4
	Nanotechnologies in modern medicine and pharmacology
	2

	5
	Molecular, cellular and nanotherapy and prevention
	2

	Total lecture hours
	10


Practical classes
	#
	Topics
	Hours

	1
	Determination of mutations by PCR
	2

	2
	Application of bioinformatics software tools in medicine
	2

	3
	Evaluation of viability of cultured cells
	2

	4
	Modeling of the drug
	2

	5
	Final practical class, test
	2

	Total practical class hours
	10


Independent work
	#
	Topics
	Hours

	1
	Preparation for practical classes - theoretical training and development of practical skills
	8

	2
	Elaboration of topics that are not included in the classroom plan
	

	2.1
	The structure of the genomes of major groups of viruses. Regulation of gene expression in prokaryotes and eukaryotes. Types of RNA, their functions. Genome sequencing technologies. Interpretation of sequencing data, flow cytometry and mass spectrometry
	14

	2.2
	Comprehensive Association Search (GWAS), its principles and applications
	16

	2.3
	Biobanking: obtaining, storing and thawing cells. Cell reprogramming
	14

	2.4
	Quality control in obtaining nanoparticles, nanocrystals, etc. Advances in nanomedicine
	16

	2.5
	Cell transplantation: principles of cell transplantation. Target organs, methods of delivery and monitoring of regeneration. Molecular basis of humoral and cellular immunity
	14

	
	Individual independent work: elaboration of educational and scientific literature, writing essays, preparation of a report for a conference, etc.
	10

	3
	Preparation for the final lesson
	8

	Total hours of independent work
	100


Discipline policy and values
Discipline requirements: the student must have a thorough knowledge of molecular and cell biology, biochemistry, biophysics and clinical disciplines and be ready for active cooperation.

Attendance and behavior: the student's presence in the classroom is allowed only in medical clothing; a student who is more than 5 minutes late is considered absent; in case of violation of academic discipline, the teacher may ask the student to leave the classroom.

The use of electronic gadgets is allowed only with the permission of the teacher.

Academic Integrity Policy: Violation of academic integrity (writing off, other types of plagiarism, drafting by another student, etc.) entails the annulment of the assessment, commission reorganization of the discipline and student responsibility in the manner prescribed by the KhNMU.

Special Educational Needs Policy: Students with special educational needs should contact the course instructor to develop an individual educational trajectory.

Recommendations for successful completion of the discipline: to take an active part in all forms of work in the classroom, do not hesitate to devote 2-3 hours to daily homework and independent work, ask questions during classes and attend consultations, deliver tasks on time and perform all forms of control.

Encouragement and recovery: performance of individual independent work (essays, writing abstracts for conferences, articles, etc.) gives the student an additional 10 points; works that are submitted in violation of deadlines without good reason are evaluated at a lower score (75% of the possible maximum number of points for the type of activity points).
Safety: safety training is conducted in the first lesson of the course; safety rules are posted on the website of the Department of Medical Biology http://nauka.knmu.edu.ua/medbio
Procedure for informing about changes in the syllabus: changes in the syllabus are made annually in accordance with the procedure established by the KhNMU; approved syllabus is posted on the website of the Department of Medical Biology http://nauka.knmu.edu.ua/medbio, and in the system of distance learning of KhNMU; students who enroll in the course receive notifications of changes in the syllabus by e-mail.
Policy of assessment
System of assessment and demands:
· types of control – preliminary, current and final;
· forms – individual, group and frontal;
· methods of current control: oral examination, interview, solving situational problems and other methods of written control, practical testing of existing professional skills, test control, observation;
· methods of final control: credit for the last lesson in the form of a written test, which includes test tasks, theoretical questions and control of practical skills (solving situational exercises, analysis of instrumental research data, etc.);
· credit is given to the student who attended all classes, made all the topics and performed individual independent work.

Elimination of academic debt (practice): missed classes and unsatisfactory grades are worked off in the manner prescribed by KhNMU.
Control questions, tasks for independent work
1) Precision medicine, its principles and prospects for development.

2) Comparative characteristics of prions, viruses, prokaryotes and eukaryotes.

3) Features of the genomes of viruses, prokaryotes and eukaryotes.

4) Regulation of gene expression of prokaryotes and eukaryotes.

5) Epigenetic modifications of histones and DNA, methods of their study.

6) Posttranslational modifications of proteins.

7) Molecular aspects of pathology: violation of the structure and functions of DNA, RNA, proteins.

8) Cellular pathology.

9) Biomarkers and predictors of disease.

10) Molecular and cellular pathology of the main systems of human organs and cancer.

11) Interaction of pathogens with the human body at the molecular and cellular levels.

12) Molecular and cellular mechanisms of immunity. Autoimmune diseases.

13) The main groups of hereditary human diseases: genetic, chromosomal, multifactorial, etc. Influence of environmental factors on the occurrence, manifestation and course of human diseases.

14) Methods of DNA sequencing. Use of sequencing in medical research and practice.

15) Creation and screening of gene libraries.

16) PCR amplification of DNA. Design of primers for PCR.

17) Advanced screening in reproductive medicine.

18) Technology of DNA microchips and its application in biomedical research.

19) Microfluidic technologies, their features and medical significance.

20) Basic principles of mass spectrometry, its application in the field.

21) Flow cytometry, areas of its application.

22) Liquid biopsy, its place in clinical practice.

23) Basic bioinformatics software tools.

24) Bioinformatics databases and tools for their analysis.

25) Genome analysis by bioinformatics methods.

26) Genome Association Search (GWAS).

27) Computer design of gene networks, gene networks and transcriptional mechanisms of regulation of coordinated gene expression.

28) Algorithms for alignment of nucleotide and amino acid sequences, matrices of amino acid substitutions.

29) Methods of comparing the primary structures of biopolymer molecules and predicting the spatial structures of proteins.

30) Modeling of chains of metabolic reactions.

31) Selection of primers for PCR, probes for hybridization and microchips.

32) Bioinformatics as a way to accelerate the process of creating drugs.

33) Bioinformatics tools in molecular epidemiology.

34) Early embryogenesis and its stages. Genes that determine embryonic development and tissue specialization.

35) Stem and progenitor cells, classification. Classification of stem cells.

36) Embryonic stem cells. Therapeutic cloning.

37) Mobilization, directed migration of stem cells (homing).

38) Differentiation, epigenetic changes during differentiation.

39) Principles of sterile work with cell culture, sterilization methods.

40) Microclimate and media for cell culture.

41) Obtaining primary crops.

42) Obtaining cellular drugs. Requirements for cellular drugs. Cell passport.

43) Enrichment and purification of cellular drugs. Immunoselection, selective cultivation.

44) Mechanisms of therapeutic effects of cellular drugs.

45) Basic tasks and principles of fabric engineering.

46) The use of tissue engineering products in medicine.

47) Methods of introduction of cellular drugs into tissues and organs.

48) Recombinant DNA technology.

49) Genetic knockout and nokin technologies.

50) Modeling of diseases in vitro, correction of mutations using TALEN CRISPR / Cas systems.

51) Cell reprogramming. Induced pluripotent cells.

52) Direct reprogramming and epigenetic landscape.

53) Genetic and epigenetic features of reprogrammed somatic cells and methods of their analysis.

54) The use of bioinformatics methods to develop criteria for reprogramming.

55) Application of reprogramming technologies to study the mechanisms of diseases and search for new methods of therapy.

56) Methods of research of nanostructures.

57) Polymorphism of medical nanoparticles, nanocrystals and nanostructures, their properties.

58) Technologies for obtaining nanoparticles, nanocrystals and nanostructures. Quality control in obtaining nanoparticles, nanocrystals, etc.

59) Nanoplatforms in molecular imaging technologies.

60) Application of nanotechnologies in microchips, microfluidomics, omix technologies, tissue engineering, etc.

61) Fundamentals of nanorobotics.

62) Stages of development and testing of drugs and treatment technologies in precision medicine.

63) Cell models in preclinical trials of drugs and treatment technologies.

64) Animals in modeling human diseases.

65) Transgenic animals and plants in precision medicine.

66) Molecular therapy of infectious and hereditary diseases.

67) Vectors and gene delivery in gene therapy.

68) Gene therapy technologies.

69) The main directions of development of oncotherapy.

70) Principles of cell transplantation.

71) Target organs, methods of delivery of cellular drugs and monitoring of regeneration.

72) Molecular basis of humoral and cellular immunity. Rejection.

73) The possibility of using extracellular vesicles in the diagnosis and therapy.
74) Treatment of intestinal microbiome disorders.
75) Biosafety. Legal and ethical aspects of molecular, nano- and cellular medicine.
List of practical skills
1) microscopy technique;
2) substantiate the methods of laboratory diagnosis of human diseases;
3) determine the quantitative content of nucleic acids;
4) diagnose polymorphisms and gene mutations by PCR;
5) analyze sequencing data;
6) identify changes in gene expression (transcript);
7) to prove changes in proteome and metabolome according to mass spectrometry;
8) learn the basic principles of bioinformatics analysis;
9) identify the main objects of bioinformatics analysis;
10) select primers for PCR;
11) prove the need to create certain conditions for the cultivation and storage of cell cultures;
12) diagnose cell viability in culture;
13) learn the basic principles of regeneration and transplantation;
14) substantiate the feasibility of using tissue engineering technologies;
15) prove the need for certain technologies of recombinant DNA;
16) to determine the efficiency of transformation in cell culture;
17) identify induced pluripotent cells;
18) determine the target of the nanopreparation;
19) calculate the shape of the nanocarrier;
20) diagnose diseases using molecular imaging technologies;
21) to prove the expediency of using a certain model in a preclinical trial; 
22) choose the form, method of delivery of the drug to the cell and the effectiveness of application;
23) to diagnose the disease with the help of extracellular vesicles;
24) determine the method of molecular, cellular or nanotherapy of cancer;
25)  predict the impact of molecular, cellular and nanotechnologies on the patient's health;
26) to prove the effectiveness of methods of environmental protection from the effects of molecular, cellular and nanopreparations.
Rules for appealing the assessment: the assessment in the discipline may be appealed in the manner prescribed by the KhNMU.
