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“Learning without thinking is useless; 
thinking without learning is dangerous.”



The global cancer burden - 18.1 million new cases 
and 9.6 million deaths in 2018

One in 5 men and one in 6 women worldwide 
develop cancer during their lifetime.
One in 8 men and one in 11 women die from the 
disease.
The total number of people who are alive within 5 
years of a cancer diagnosis, called the 5-year 
prevalence, is estimated to be 43.8 million.
Europe accounts for 23.4% of the global cancer 
cases and 20.3% of the cancer deaths, although it has 
only 9.0% of the global population.



Every minute a person dies from cancer 
worldwide. 

Cancer mortаlity rate accounts for 23% 
of total mortаlity – second place after 

death from crash accidents.
   Cancer is due to: : 35% - unhealthy 
nutrition – food & habits, 30% - smoking, 
35% - other factors  (viruses,  hormones, 
radiation, chemical cancerogens, etc.).  





Tumor  (neoplasm) – from Latin - tumor=swelling; 

an abnormal mass of tissue, the growth of which exceeds 
and is uncoordinated with that of the normal tissues; 

uncontrolled and progressive growth 

Benign                                   Malignant  (cancer)

Benign tumor
(adenoma)

Malignant tumor
(adenocarcinoma)



• Аutonomy (uncontrolled) proliferation)

• Аdaptivity (plasticity)

• Аtypism (immunological, biochemical, 
genetic, etc.)

• Аgressiveness (invasion and metastasis)

Characteristics of malignant tumor cells:



Tumorogenesis is 
a multistep 

process!

A single mutation in a single 
cell does not cause cancer!
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Benign tumor Penetration through the 
basal membrane Invasion in capillaries

Adhesion to capillaries 
in the liver Extravasation 

Proliferation and formation of 
liver metastases 

Less than 1 from 1 000 
cells survives in 

circulation and could 
metastise.

Capillaries 



Cancer results from the combination of 2 
mutational mechanisms:

  mutations increasing cell 
proliferation  and thus producing 
cells vulnerable for subsequent 

mutations;
  mutations affecting the stability of 

the whole genome and thus 
increasing the total mutation rate.



In malignant tumors mutations occur in 4 
basic groups of genes :

1.  oncogenes   – mutated normal genes which upon 
hyperactivation transform a normal cell into a tumor 
cell. Their normal, nonmutated analogue is the proto-
oncogene. 

• Proto-oncogene - a normal gene that can become an 
oncogene due to mutations or increased  expression. 
Codes for proteins that regulate cell proliferation and 
differentiation. Upon activation, a proto-oncogene 
becomes a tumor inducing agent, an oncogene. 

• Viral oncogenes act as mobile genetic elements!



2. Tumor-suppressor genes  – inhibit, 
suppress uncontrolled cell proliferation. 

Mutations which block them could cause cancer.

3. Genes controlling apoptosis  activation of   
anti-apoptotic genes or  inhibition of  pro-
apoptotic genes  

4. Mutator genes – maintain the stability of the 
genome and the fidelity of genetic information 
transfer (spell-checker genes). 



1. 1. ONCOGENESONCOGENES
1.1. Viral oncogenes (v-onc) 

DNA-viruses :
 integrate their own DNA into the DNA of the 

host and activate cell proliferation
Papilloma viruses (cancer of the uterus)

RNA-viruses :
 use their RNA as a template for cDNA (reverse 

transcription) integrate their own DNA into the 
DNA of the host and activate cell proliferation

(T cell leukemia)



1.2. Cellular oncogenes (c-onc) 
Code for: 

- growth factors

- cell receptors

- signal molecules

- transcription factors



2. TUMOR-SUPPRESSOR GENES

(two-hit hypothesis) 
Both alleles that code for a particular gene must 

be affected before an effect is manifested. This 
is due to the fact that if only one allele for the 
gene is damaged, the second can still produce 
the correct protein. 

- the first ‘hit’ inactivates one of the alleles

- the second ’hit’ inactivates the second allele 
 - thus the cell looses both alleles of the tumor-

suppressor gene and tumor growth is initiated



Retinoblastoma 
gene (Rb) 

Retinoblastoma 
protein (pRb) 
controls cell 

proliferation. 
If it is inactivated, 

cell cycle control 
is lost and starts 
uncontrolled cell 

division. 



р-53 gene – the genome keeper
• р53 gene is inactivated in case of DNA-damage
• It stops the cell cycle in  G1-phase. 
• The cell has time for DNA repair. 
• If the repair is impossible, р53 activates 

apoptosis.
• If there is a mutation in р53  damaged cells do 

not stop in   G1, but continue to divide and 
oncogenic mutations accumulate. 

• Tumors with mutated р53  are very difficult to 
treat.

• Chemotherapy and radiotherapy of tumors 
induce apoptosis in cancer cells.





Familial tumors – mutations in tumor-
suppressor genes in:

 retinoblastoma 

breast cancer in young women – 
BCRA1,2

colon cancer on the basis of polyps 



4. Mutator genes

Cancer develops only if more than 6 
subsequent specific mutations occur in 

a cell. 
Mutator genes  are not associated with cell 

proliferation and death but with the control 
of the integrity of genetic information. 

Mutations in mutator genes lead to ineffective 
replication or reparation of damaged DNA.  

3. Apoptotic genes



Characteristics of tumor cells

1. Unstable karyotype.

2. Multidrug resistance.

3. High telomerase activity.

4. Disturbed cell cycle control. 

5. Heterogenic tumor cell 
population. 



Gene expression profiling and 
Molecular signatures

• Gene expression profiling – technique to study 
the expression of thousands of genes 
simultaneously

• DNA microarray = DNA chip - a collection of 
microscopic DNA spots attached to a solid 
surface. They contain a specific DNA 
sequence which can hybridize a target cDNA 
or cRNA. 

• Serial analysis of gene expression (SAGE)



• In a particular type of cell or tissue, only a 
small subset of an organism’s genomic DNA 
is expressed as mRNAs at any given time. 

• Molecular signature - the unique pattern of 
gene  expression indicative of the biological 
behavior of a tumor .

• This expression pattern is comprised of unique 
clusters of genes and proteins which display 
differential levels of expression.

• Cancer cells arising from the same tissue share 
many molecular characteristics.



Multistep tumorigenesisMultistep tumorigenesis  

KRAS mutationsKRAS mutations



 Cancer cell metabolism
Cancer cells only partially break down sugar molecules. 
Result - only 2 molecules of ATP per each glucose molecule instead of 
the 36  ATPs healthy cells gain. 
Cancer cells need to use a lot more sugar molecules to get enough 
energy to survive.

Cancer cells-  
aerobic glycolysis - 
glucose is converted 
to lactate in the 
presence of oxygen



 Cancer cell metabolism
The 'Warburg effect' -  an abnormal dependence on glycolysis as 
the sole source of ATP creation, even in the presence of oxygen.

Nobel prize, 1931Nobel prize, 1931

Malignant cells have glycolytic rates up to 200 times 
higher than those of normal tissues even if oxygen is 
plentiful. 

Advantages of metabolic changes:
- the products of glycolysis (bicarbonic acid and lactic acid) may be 
used to build products that help cancer cells to survive and grow.
- cancer cells avoid being recognized and killed by cells of the immune 
system
 - block immune cells from finding cancer cells and even attract cells 
that may help tumor cells to grow.



Advantages of metabolic changes:
- activate oncogenes that allow the cancer cells to avoid death.
- the area inside the tumor becomes very low in oxygen 
(hypoxic). 
- cells that only use glycolysis are not dependent on oxygen for 
survival. This may benefit cancer cells that are in environments 
low in oxygen.
- increases the production/activity of vascular endothelial growth 
factor (VEGF). 
- neoangiogenesis - the area inside the tumor becomes very low 
in oxygen (hypoxic).
- the loss of p53 can trigger the Warburg effect 
and cells becoming "addicted" to glycolysis.



Positron emission tomography (PET) -  PET imaging
Clinical trials of drugs that block glycolysis.



Tumor pathogenesisTumor pathogenesis
Chemical, 

physical and 
biological 

factors

Mutations in the 
genome of somatic cells

Genetic factors

Activation of 
proto-

oncogenes

   Inactivation of 
tumor-suppressor 

genes

Inhibition of 
apoptotic 

genes

 Expression of abnormal proteins

Mutations in mutator genes

Malignant transformation
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