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Human body is composed of differentiated cells
• each cell contains complete genetic information
• The cells are programed to serve whole organism

What is the difference between 
a normal and a tumor cell?

Every cell in the body contains complete genetic information



Hallmarks of cancer



Cancerogenesis is an evolutionary process driven by genetic changes





Transkripce

Transkripce je přepis genetické informace z DNA do molekuly RNA.



Translation
• How the protein is made
• The process in which proteins are synthesized on the ribosome according to mRNA
• Amino acids are ordered based on the genetic code

Protein



Translation
• The process in which proteins are synthesized on the ribosome according to mRNA
• Amino acids are ordered based on the genetic code

Genetic code
• 64 codon combination
• 20 amino acids



An example of how a change in the DNA sequence affects the function of a protein in tumors. 
How we can use this change for targeted treatment of tumors.

ATGACTGAATATAAACTTGTGGTAGTTGGAGCTGGTGGCGTAGGCAAGAGT
GCCTTGACGATACAGCTAATTCAGAATCATTTTGTGGACGAATATGATCCAA
CAATAGAGGATTCCTACAGGAAGCAAGTAGTAATTGATGGAGAAACCTGTCT
CTTGGATATTCTCGACACAGCAGGTCAAGAGGAGTACAGTGCAATGAGGGA
CCAGTACATGAGGACTGGGGAGGGCTTTCTTTGTGTATTTGCCATAAATAAT
ACTAAATCATTTGAAGATATTCACCATTATAGAGAACAAATTAAAAGAGTTAA
GGACTCTGAAGATGTACCTATGGTCCTAGTAGGAAATAAATGTGATTTGCCT
TCTAGAACAGTAGACACAAAACAGGCTCAGGACTTAGCAAGAAGTTATGGA
ATTCCTTTTATTGAAACATCAGCAAAGACAAGACAGGGTGTTGATGATGCCT
TCTATACATTAGTTCGAGAAATTCGAAAACATAAAGAAAAGATGAGCAAAGA
TGGTAAAAAGAAGAAAAAGAAGTCAAAGACAAAGTGTGTAATTATGTAA

TGT

Coding sequence - mRNA 

Translation

MTEYKLVVVGAGGVGKSALTI
QLIQNHFVDEYDPTIEDSYRKQ
VVIDGETCLLDILDTAGQEEYS
AMRDQYMRTGEGFLCVFAIN
NTKSFEDIHHYREQIKRVKDSE
DVPMVLVGNKCDLPSRTVDTK
QAQDLARSYGIPFIETSAKTRQ
GVDDAFYTLVREIRKHKEKMSK
DGKKKKKKSKTKCVIM

C

Mutation description:
KRAS 
c.34G>T
p.G12C



KRAS mutation G12C and targeted treatment



Mutations

By effect on structure

mutation is an alteration in the nucleotide sequence of the 
genome of an organism, virus, or extrachromosomal DNA

Large scale mutations
(Chromosomal abnormalities)                                                                                                  

Small-scale mutations

• Deletion
• Duplication, amplification
• Inversion
• Translocation
• Insertion

• Loss of heterogisosity
• Aneuploidity

• Insertions
• Deletions
• Substitution mutations / point mutations

• Missense
• Nonsense
• Silent



Spontaneous vs induced mutations

Tautomerism
Depurination 
Deamination 
Slipped strand mispairing 
Replication slippage

DNA replication

Mitosis
-chromosome segragation

Chromosome abnormality
Amplification
Translocation
Aneuploidity

DNA repair -> genomic instability
Double strand break repair

BRCA1, BRCA2
CHK2
ATM

Mismatch repair (MMR)

MLH1, MLH2, MLH3, PMS1, and PMS2
Nucleotide excision repair (NER)

Xeroderma pigmentosum (XPC,..)
DNA polymerase

POLD, POLE



Genomic instability and cancer 



Transition
• mutation that changes a purine nucleotide to 

another purine (A ↔ G), or a pyrimidine 
nucleotide to another pyrimidine (C ↔ T). 

• Approximately two out of three single 
nucleotide polymorphisms (SNPs) are 
transitions.

• Transitions can be caused by oxidative 
deamination and tautomerization.

Point mutations

Transversion
• mutation in DNA in which a single (two ring) 

purine (A or G) is changed for a (one ring) 
pyrimidine (T or C), or vice versa.

• A transversion can be spontaneous, or it can be 
caused by ionizing radiation or alkylating agents.



Mutations by impact on protein sequence

Coding region:
• Point mutations

• Missense
• Nonsense
• Silent

• Frameshift mutations
• Insertions
• Deletions
• (Indels)



Tumor suppressor p53  - the guardian of genome





Regulation of growth and protein synthesis



Cell cycle is regulated by Cyclin dependent kinases (CDKs) and cyclins



How CDK/cyclins regulate cell cycle



Tumor suppressor p53  - the guardian of genome



Tumour suppressor genes:
• p53 – transcription factor
• RB – pocket protein regulating transcription factors
• P16/INK4a – CDK inhibitor
• PTEN – phosphatase, inhibits AKT signalling

Oncogenes:
• Transcription factors / inhibitors of transcription

• Myc (N-Myc, C-Myc, L-Myc)
• E2F1
• Beta-catenin
• MDM2, MDMX, E6, E7

• Growth factor receptors (receptor tyrosin kinases)
• HER2/Neu
• PDGFR
• EGFR

• Growth factor/ proliferation signallinig
• RAS
• RAF
• PI3K

• Cell cycle
• Cyclins/CDKs

The most frequently altered genes in cancer
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DNA repair -> genomic instability
• Double strand break repair

• BRCA1, BRCA2
• CHK2
• ATM

• Mismatch repair (MMR)
• MLH1, MLH2, MLH3, PMS1, and PMS2

• Nucleotide excision repair (NER)
• Xeroderma pigmentosum (XPC,..)

• DNA polymerase
• POLD, POLE

The most frequently altered genes in cancer
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NGS
Next Generation
Sequencing
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