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Annotation
The aim of the course is to understand the biological aspects of the onset and development of cancer. After
mastering, the student will understand the fundamental concepts and aspects associated with the occurrence of
cancer, its development, as well as the physiological and molecular biological characteristics of cancerous
tumors; modern problems associated with the treatment of cancerous tumors.

1. Study objective

Purpose of the course
Give a grounding in the molecular and cellular biology that underpins cancer biology and research.
Understanding the biological aspects of the emergence and development of cancer and the formation of
students' holistic understanding of the process of different cellular processes, especially the regulated
cell death and its varieties.

Tasks of the course
Give a detailed and thorough understanding of the molecular and cellular basis of cancer and its
treatments. Develop a deep knowledge of cancer biology, pathology, and cell death mechanisms.
Increasing the understand of cancer cell biology and obtaining basic theoretical knowledge in the field
of cell biology, in particular the molecular mechanisms of cell death and cancer development.
Familiarization with various methods and technologies of detection and induction of cell death for the
application of fundamental knowledge in modern biotechnology and medicine.

2. List of the planned results of the course (training module), correlated with the planned results of the
mastering the educational program

Mastering the discipline is aimed at the formation of the following competencies:

Code and the name of the competence Competency indicators

Gen.Pro.C-1.1 Apply fundamental scientific knowledge in
the field of biological, physical, mathematical sciences
Gen.Pro.C-1.2 Consolidate and critically assess professional
experience and research findings

Gen.Pro.C-1.3 Understand interdisciplinary relations in
applied biological, physical, mathematical sciences and
apply them in professional tasks

Gen.Pro.C-1.4 Able to plan, organise and carry out research
work in biotechnology, correctly process the results of]
experiments and draw valid opinions and conclusions

Gen.Pro.C-1 Gain fundamental scientific
knowledge in the field of biological, physical,
mathematical sciences

Pro.C-3 Use research and testing equipment Pro.C-3.1 Understand the operating principles of the
(devices and installations, specialized software) |equipment and specialized software
in a selected subject field

3. List of the planned results of the course (training module)
As a result of studying the course the student should:
know:

- fundamental concepts and aspects related to the emergence of cancer, its development, as well as
physiological and molecular biological characteristics of cancerous tumors;
- scientific rationale for development of innovative anticancer therapies or combinations in a very
competitive and integrated scientific and medical environment;
- concepts of regulated cell death, apoptosis, necrosis, autophagy, oxidative stress, and cell cycle.

be able to:



- discuss the mechanisms by which cancers develop, grow, and spread within the body;
- demonstrate comprehension regarding the ways in which normal cell growth and differentiation is
controlled;
- adequately assess the potential prospects for new cancer therapy;
- establish causal relationships between the biological aspects of cancer development and modern
methods of therapy and diagnostics, which are increasingly being improved;
- discuss the complexity and interactions involved in the regulation of cell death and interpret the
molecular consequences of cell death disturbance;
- describe the behavior of cell death mechanisms;
- understand thoroughly cancer biology and therapy driven by the most current research.
master:

- molecular biological and biomedical terminology related to aspects of cancer biology;

- skills in mastering a large amount of information and understanding the biological processes
associated with cancer;

- skills of independent work and mastering new knowledge;

- methods for calculating the detection of various forms of cell death;

- ability to read high-peered research articles and analyze the data to discuss it in seminars;

- evaluate critically current issues in cancer research and therapy, and how to translate research
findings into therapeutic applications.

4. Content of the course (training module), structured by topics (sections), indicating the number of
allocated academic hours and types of training sessions

4.1. The sections of the course (training module) and the complexity of the types of training sessions

Types of training sessions, including independent work
Ne Topic (section) of the course
. Laboratory Independent
Lectures Seminars .
practical work

1 Introduction to Cancer Biology 4 8
DNA damage and repair. Mutations,

2 3 6
Oncogenes and Tumor Suppressors
The role of oncoviruses and epigenetic

3 : 3 6
changes in cancer development

4 Genetic heterogeneity of tumors. Cancer 3 6
stem cells

5 Receptors and signaling pathways in 3 6
tumors

6 Molecular mechanisms of invasion and 3 6
metastasis

7 Cancer cell metabolism 3 6
Tumor  angiogenesis.  Physiological

8 : 4 8
features of solid tumors

9 Inflammatory processes in the tumor. 4 3
"Immune surveillance"
Mechanisms for avoiding immune

10 . 4 4
surveillance
Pathogenesis and key molecular events in

11 . 3 3
the development of various tumors

12 |Cancer targeted therapies. 3 3
Cancer cell models in vitro and in vivo,
showing the latest technological

13 |developments based on genetically 3 3
engineered mouse models and humanized
primary xenografts.




Multidrug ~ resistance  in  cancer:
14 gnderstanding 'molecular mechanisms, 3 3
immunoprevention and  therapeutic
approaches.
Basic molecular pathways that regulate
|5 |eenome instabili.ty. in. cancer qnq . their 3 3
crucial characteristics in cancer initiating
cells.
16  |Types of cell death 3 3
17  |Regulators and mechanisms of cell death 4 4
18 Methods for detegting Va.rious foms of 4 4
cell death and application in medicine
AH in total 60 90
Exam preparation 30 AH.
Total complexity 180 AH., credits in total 4

4.2. Content of the course (training module), structured by topics (sections)
Semester: 2 (Spring)
1. Introduction to Cancer Biology

Cancer concept. Features of benign and malignant tumors. Classification of cancerous tumors.
Properties of cancerous tumors.

2. DNA damage and repair. Mutations, Oncogenes and Tumor Suppressors

Types of DNA damage and damaging factors (exogenous and endogenous). Direct reverse repair.
Single- (base repair, nucleotide repair, mismatch repair) and double-stranded breaks (homologous
recombination, non-homologous end-joining, microhomologous end-joining and single-stranded
annealing) repair systems. Cell cycle and checkpoints (G1 and G2). The role of p53 in the regulation
of the cellular response to DNA damage. The concept of oncogenes and tumor suppressors.

3. The role of oncoviruses and epigenetic changes in cancer development

Types of oncoviruses. Influence of oncoviruses on the stability of the cellular genome. Epigenetic
changes, their role in cancer mutagenesis. Epicarcinogens. Influence of epigenetic changes on the
expression of microRNA and the activity of mobile elements.

4. Genetic heterogeneity of tumors. Cancer stem cells

Cancer stem cells. Cellular (replicative) aging. Telomeric crisis. Overcoming the telomeric crisis by
cancer cells.

5. Receptors and signaling pathways in tumors

G-protein coupled receptors (GPCRs) and their regulation. Signaling pathways triggered by GPCRs.
Tyrosine kinase receptors, their signaling pathways and regulation. Participants in the transmission of
intracellular signals: receptors, adapter proteins, G-proteins, secondary messengers, GTPases,
kinases, activators and co-activators of transcription. TGFp receptors. Cytokine receptors (JAK /
STAT receptors). Integrin receptors and their ligands and signaling pathways. TNF receptors
superfamily, their intracellular domains (TRAF, FADD, TRADD) and signaling. Notch receptors,
their role in angiogenesis. Nuclear (intracellular) receptors.

6. Molecular mechanisms of invasion and metastasis




Warburg effect. Key differences in cancer cell metabolism. Mutations and signaling pathways that
affect the metabolism of cancer cells. The role of hypoxia. Adaptation of cancer cells to acidosis and
hypoxia.

7. Cancer cell metabolism

The concepts of invasion and metastasis. Types of cell contacts. Epithelial-mesenchymal transition.
Signaling pathways involved in cancer cell migration. Tumor-associated fibroblasts. Extracellular
matrix, its components and role in cancer progression. Formation of pre-metastatic niches and the
role of exosomes in this process. Contribution of platelets to the process of metastasis.

8. Tumor angiogenesis. Physiological features of solid tumors

The structure of capillaries and the main stages of angiogenesis: activation, elongation, maturation of
blood vessels. Differences between normal and pathological angiogenesis. The role of hypoxia in
stimulating vascular growth. Receptors and signaling pathways involved in angiogenesis.
Pathophysiological features of solid tumors.

9. Inflammatory processes in the tumor. "Immune surveillance"

How does the immune system recognize tumor cells? Presentation of neoantigens as part of MHC
classes I and II. The cells of innate and adaptive immunity that carry out "immune surveillance".

Semester: 3 (Fall)
10. Mechanisms for avoiding immune surveillance

Dialogue of cancer cells with stromal components and immune cells. Mechanisms for avoiding
immune surveillance. The role of inflammation in cancer promotion.

11. Pathogenesis and key molecular events in the development of various tumors

Consideration of key mutations, signaling cascades, and the role of inflammation in the development
of breast cancer, prostate cancer, non-small cell lung carcinoma, ductal adenocarcinoma of the
pancreas, and cutaneous melanoma.

12. Cancer targeted therapies.

Chemotherapy, Radiotherapy, Immunotherapy, Oncolytic Viruses, Cancer vaccines. Cancer drug
resistance and the role of cancer stem cells. Cancer microenvironment. Studying the different types
of each cancer therapy type and the mechanism by which it works. The therapeutic effects of each
one and the use of different types in parallel to treat cancer.

13. Cancer cell models in vitro and in vivo, showing the latest technological developments based on
genetically engineered mouse models and humanized primary xenografts.

The use of organoids and spheroids to mimic the molecular mechanism of cancer in vitro.

14. Multidrug resistance in cancer: understanding molecular mechanisms, immunoprevention and
therapeutic approaches.

The improvement of therapeutic regimens for different cancers. Molecular mechanisms of cancer
drug resistance and mechanism underlying cancer onset to progression and invasion.

15. Basic molecular pathways that regulate genome instability in cancer and their crucial
characteristics in cancer initiating cells.



The role of tumor microenvironment in genomic instability of malignant tumors. High-throughput
sequencing studies of human cancers.

16. Types of cell death

Molecular mechanisms of apoptosis. Oxidative stress and apoptosis. Necrosis. Autophagy:
mechanisms of survival and death. Other forms of cell death

17. Regulators and mechanisms of cell death

Regulators of cell death and survival. The role of mitochondria in cell death. Mitochondria in tumor
cells. Cell death and cancer. Cell cycle and cell death. Mitotic disaster. Methods for detecting various
forms of cell death.

18. Methods for detecting various forms of cell death and application in medicine

Genetic models for studying the process of cell death, phenotypes of knockout mice for key
components of cell death mechanisms and “salvation” of the phenotype in double knockouts will be
considered.

5. Description of the material and technical facilities that are necessary for the implementation of the
educational process of the course (training module)

Equipment needed for lectures and seminars: whiteboard with markers, computer and multimedia
equipment (projector, sound system)

6. List of the main and additional literature, that is necessary for the course (training module)
mastering
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7. List of web resources that are necessary for the course (training module) mastering
Not used

8. List of information technologies used for implementation of the educational process, including a list
of software and information reference systems (if necessary)

Internet access. For some of the lessons, you need Zoom. Google Drive to access course materials. The
presence of smartphones / laptops during classes is encouraged to participate in interactive exercises.

9. Guidelines for students to master the course

A student who studies discipline must, on the one hand, master a general conceptual apparatus, and on
the other hand, must learn to apply theoretical knowledge in practice.

As a result of studying the discipline, the student should know the basic definitions of the discipline,
be able to apply this knowledge to solve various problems.

Successful learning requires:

- visits to all classes provided by the curriculum for the discipline;
- conducting the abstract of occupations;

- intense independent work of the student.

Independent work includes:

- reading recommended literature;

- study of educational material, preparation of answers to questions intended for self-study;
- solving problems offered to students in the classroom;

- preparation for performance of tasks of the current and intermediate certification.

An indicator of possession of the material is the ability to answer questions on discipline topics without
an outline.

It is important to achieve an understanding of the material being studied, and not its mechanical
memorization. If it is difficult to study individual topics, questions, you should seek advice from the
teacher.

Intermediate control of students' knowledge in the form of problem solving in accordance with the
subject of classes is possible
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1. Competencies formed during the process of studying the course

Code and the name of the competence Competency indicators

Gen.Pro.C-1 Gain fundamental scientific
knowledge in the field of biological, physical,
mathematical sciences

Gen.Pro.C-1.1 Apply fundamental scientific knowledge in
the field of biological, physical, mathematical sciences
Gen.Pro.C-1.2 Consolidate and critically assess professional
experience and research findings

Gen.Pro.C-1.3 Understand interdisciplinary relations in
applied biological, physical, mathematical sciences and
apply them in professional tasks

Gen.Pro.C-1.4 Able to plan, organise and carry out research
work in biotechnology, correctly process the results of]
experiments and draw valid opinions and conclusions

Pro.C-3 Use research and testing equipment Pro.C-3.1 Understand the operating principles of the
(devices and installations, specialized software) |equipment and specialized software

in a selected subject field

2. Competency assessment indicators

As aresult of studying the course the student should:

Kknow:

- fundamental concepts and aspects related to the emergence of cancer, its development, as well as
physiological and molecular biological characteristics of cancerous tumors;

- scientific rationale for development of innovative anticancer therapies or combinations in a very
competitive and integrated scientific and medical environment;

- concepts of regulated cell death, apoptosis, necrosis, autophagy, oxidative stress, and cell cycle.

be able to:

- discuss the mechanisms by which cancers develop, grow, and spread within the body;

- demonstrate comprehension regarding the ways in which normal cell growth and differentiation is
controlled;

- adequately assess the potential prospects for new cancer therapy;

- establish causal relationships between the biological aspects of cancer development and modern
methods of therapy and diagnostics, which are increasingly being improved;

- discuss the complexity and interactions involved in the regulation of cell death and interpret the
molecular consequences of cell death disturbance;

- describe the behavior of cell death mechanisms;

- understand thoroughly cancer biology and therapy driven by the most current research.

master:

- molecular biological and biomedical terminology related to aspects of cancer biology;

- skills in mastering a large amount of information and understanding the biological processes
associated with cancer;

- skills of independent work and mastering new knowledge;

- methods for calculating the detection of various forms of cell death;

- ability to read high-peered research articles and analyze the data to discuss it in seminars;

- evaluate critically current issues in cancer research and therapy, and how to translate research
findings into therapeutic applications.

3. List of typical control tasks used to evaluate knowledge and skills

* What types of tumors do you know by origin? What are the differences between benign and
malignant tumors?

* The cell is at the G1 stage of the cell cycle. What mechanisms of DNA double-strand break repair can
it use at this stage of the cycle?

* What mechanisms are implemented by cells in the repair of single-strand DNA breaks?
» What mechanism of DNA repair is realized without the participation of nucleases?




» What mechanisms are responsible for maintaining the stability of the cell genome during the passage
of the cell cycle?

» Which category are genes responsible for the functioning of DNA repair systems: oncogenes or tumor
suppressor genes? Why?

* Can a cell be reborn into a cancer cell if it “lost” one of the alleles of the tumor suppressor gene and
continues to divide further? Why?

* Through what mechanisms can epigenetic changes affect the proliferative potential of cells and their
transformation into cancerous ones?

» Under what conditions are oncoviruses capable of transforming a cell from normal to cancerous?
What mechanisms can be involved in this?

» Activation of which receptors and signaling pathways are mainly responsible for proliferation? For
resistance to apoptosis? For migration and metastasis?

» Why is genetic heterogeneity a major barrier to cancer therapy?
» Why does hypoxia occur in tumors? What are the consequences of hypoxia in the tumor tissue?
» What signaling pathways are responsible for "switching" to glycolytic metabolism?

* Why is the architecture of tumor vessels disordered, while the vessels themselves have numerous
morphological defects?

» Why are oxygen starvation and the appearance of a necrotic focus in the tumor negative prognostic
factors?

» Why, despite the increased expression of collagenases, tumors can show increased collagen in the
stroma? How does this affect the metastatic potential of cancer cells?

» How are cancer cells able to “defend” against the cytolytic activity of natural killer cells?
* By what mechanisms can a tumor avoid "immune surveillance" by adaptive immunity?

* What cells besides cancer cells are present in the tumor? How do cancer cells interact with their
microenvironment?

4. Evaluation criteria

questions for the differentiated credit:

» What physiological features of tumors prevent drug delivery?

» What are the reasons for the resistance of tumors to chemotherapy drugs?

» What types of cancer is hormone therapy used for? What are its principles?

* Based on what criteria can a patient be prescribed adoptive T-cell therapy?

» What are the advantages of gene therapy for cancer compared to classical therapies?

* What is the main advantage of nanopreparations compared to classical chemotherapy drugs? Why are
nanodrugs still not widely used for cancer therapy despite positive preclinical results?

» What properties of nanomaterials are especially important if they are used to deliver hydrophilic low
molecular weight drugs to the cytosol?

» What is the advantage of “targeting” nanoparticles to improve their therapeutic properties? What
opposite effects can this lead to?

* What are the advantages of 3D cell models over cells in a monolayer

» What morphological features distinguish programmed cell death and necrotic cell death, and why is
PCD less harmful for the organism?

» What is the role of programmed cell death in an organism?
» What are caspases, why are they produced as proproteins?

» What are initiator caspases and executioner caspases, what are their targets and how are both types
related to adaptor complexes?

» What are death receptors and describe how they function in apoptosis?
» Which classes of proteins are essential in programmed cell death? Briefly describe their functions.

questions for the exam:

» What is/are the roles of Bcl2 family of proteins in apoptosis?
» What is the role of phagocytes in Cell death?

* What is Granzyme/Perforin pathway?

» What is Necroptosis and its key effectors?



» What is Netosis and its key effectors?

» What is Pyroptosis and its key effectors?

» What is Autophagy-associated cell death and its key effectors?

» What is Entosis and its key effectors?

» What is Ferroptosis and its key effectors?

» What is Programmed Cell Death and regulated cell Death?

» What are the key regulators of Panoptosis and their role?

» What is the mechanism of autophagy?

» What are the main molecular messengers released by PCD and their role?

» What are the Membrane permeability/damage detection methods?

» What are the Mitochondrial damage/alteration detection methods

» What are the Gel electrophoresis-based methods?

» What is the role of inhibitors of apoptosis?

» What is the role of survival factors in apoptosis, and briefly describe one example of how a survival
factor could perform its function?

» Explain how some apoptotic genes can function as proto-oncogenes while others function as tumor
suppressor genes

* What factors cause cell death?

Ticket number 1

1. What are the key regulators of Panoptosis and their role?

2. What is the mechanism of autophagy?

Ticket number 2

1. What are the Membrane permeability/damage detection methods?
2. What are the Mitochondrial damage/alteration detection methods

The mark is excellent (10 points) - it is given to a student who has shown comprehensive, systematic,
deep knowledge of the curriculum of the discipline, who has an interest in this subject area, has
demonstrated the ability to confidently and creatively put them into practice in solving specific
problems, and a free and proper substantiation of decisions.

The mark is excellent (9 points) - it is given to a student who has shown comprehensive, systematic,
in-depth knowledge of the curriculum of the discipline and the ability to confidently put them into
practice in solving specific problems, free and proper substantiation of the decisions made.

The mark is excellent (8 points) - given to a student who has shown comprehensive, systematic,
in-depth knowledge of the curriculum of the discipline and the ability to confidently apply them in
practice in solving specific problems, correct justification of decisions made, with some shortcomings.

A mark is good (7 points) - it is put up for a student, if he knows the material firmly, sets it up
competently and in essence, knows how to apply the knowledge gained in practice, but does not
competently substantiate the results obtained.

Evaluation is good (6 points) - it is put up to a student, if he knows the material firmly, sets it up
correctly and in essence, knows how to apply this knowledge in practice, but admits some inaccuracies
in the answer or in solving problems.

A mark is good (5 points) - it is given to a student, if he basically knows the material, correctly and
essentially sets it out, knows how to apply this knowledge in practice, but allows a sufficiently large
number of inaccuracies to answer or solve problems.

Grade satisfactorily (4 points) is given to a student who has shown the fragmented, fragmented nature
of knowledge, insufficiently correct formulations of basic concepts, violations of the logical sequence
in the presentation of program material, but at the same time he has mastered the main sections of the
curriculum necessary for further education and can apply knowledge is modeled in a standard situation.



Grade satisfactorily (3 points) - given to a student who showed the fragmented, scattered nature of
knowledge, making mistakes in formulating basic concepts, disrupting the logical sequence in
presenting program material, poorly masters the main sections of the curriculum required for further
education and even applies the knowledge gained in a standard situation.

The rating is unsatisfactory (2 points) - is given to a student who does not know most of the main
content of the curriculum of the discipline, makes gross mistakes in the wording of the basic principles
and does not know how to use this knowledge when solving typical tasks.

Unsatisfactory mark (1 point) - is given to a student who does not know the main content of the
discipline’s curriculum, makes gross errors in the wording of the basic concepts of the discipline and
does not have any skills to solve typical practical problems.

Meroandeckue MaTepHraIbl, ONPEAEISIOIINE MPOIEAYPbl OLICHUBAHUS:

During the oral differentiated credit, the student is given 30 minutes to prepare. The interview for a
student in an oral differentiated credit must not exceed one astronomical hour.

Kparkoe coneprkanue Kypca 11t 00yJaronxcs:

The aim of the course is to understand the biological aspects of the onset and development of cancer.
After mastering, the student will understand the fundamental concepts and aspects associated with the
occurrence of cancer, its development, as well as the physiological and molecular biological
characteristics of cancerous tumors; modern problems associated with the treatment of cancerous
tumors.

5. Methodological materials defining the procedures for the assessment of knowledge, skills, abilities
and/or experience

During the oral differentiated credit, the student is given 30 minutes to prepare. The interview for a
student in an oral differentiated credit must not exceed one astronomical hour. During the oral exam,
the student is given 30 minutes to prepare. The interview for a student in an oral exam must not exceed
one astronomical hour.



