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Introduction

• Proto-oncogenes:
• Involved in the signalling pathways of cell division, cell

growth: stimulatory action
• Mutation or increased expression transformed to

oncogenes oncogenesis (tumorigenic transformation)

• Tumor suppressor genes:
• Main functions:

• Cell division, DNA replication: inhibitory action
• Stimulating cell differentiation
• Inducing apoptosis

• Mutation or decreased expression inactivation lack
of protective action against cancer



Introduction

• Genetic defects in tumor cells
• In onkogens/tumorsupressor gens - qualitative

→ mutation
• In their regulatory system - quantitative

→ changes in expression



Introduction

• Genetic defects
1. Translocation
2. Chromosomal imbalance
3. Point mutations
4. Genetic instability
5. Hereditary genetic defects
6. Mikro-RNA differences
7. Epigenetic effects



Introduction

• Genetic defects can participate in
• The develop of tumors
• The progression of tumors

• It is important to know them
• Diagnostics
• Prognosis
• Therapeutic target



Knudson's two hit hypothesis

• Genes have two allels
• Both of them have to be defective for malignus

transformation
(The defects may have different origin)

• Somatic mutation: sporadic cancer
• Germ cell mutation : hereditary cancer



1, Translocation

• The whole gene migrates in the genome
• Mainly the activation of oncogens
• A, to the promoter of the gene
• B, incorporated in another protein gene → chimeric

genes



Gene A

Gene A

fusion gene

Gene B

fusion gene

Gene B

mRNA

mRNA

breakpoint

breakpoint

breakpoint

breakpoint

Protein expression

Protein expression



Deregulation of genes with normalstructure (promoter switch)

Fusion chimeric genes
With Tirozin kinase activity

With Transcriptional factor activity



The role of the Ras / MAP kinase cascade in the
oncogenesis

Roberts and Der (2009): Targeting the Raf-MEK-ERK mitogen-activated protein kinase cascade for the treatment of cancer.
Oncogene, 26, 3291-3310.



2, Chromosomal imbalance

• Amplification or deletion of chromosome segments
of different sizes

• Oncogene – amplification
• Tumor supressor gene – deletion
• Regulatory function (eg micRNA)



2, Chromosomal imbalance

Amplification (up to 100x copy)
• Proto-oncogenes become oncogenes
• It plays a role in tumor progression
• It can be chromosomal or extrachromosomal

(double minutes)
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2, Chromosomal imbalance

Deletion
• Losing suppressor genes

(on one allele – on the other allele could be
another mutation)



Unknown genes

Known genes



3, Point mutation

• Inactivation of tumor supressor genes
• Activation of oncogenes

– members od signalling pathways are in a constant
active state



The role of the Ras / MAP kinase cascade in the
oncogenesis

Roberts and Der (2009): Targeting the Raf-MEK-ERK mitogen-activated protein kinase cascade for the treatment of cancer.
Oncogene, 26, 3291-3310.





4, Genetic instability

• It affects the whole genome
• Multiplex genetic lesions
• It may also be different in each cell within the

tumor
• Types

• On nucleotide level
• On chromosome level



4, Genetic instability

Nucleotide level
• Distuption of the DNA repair system

MMR (mismatch repair) system
• repair + inhibits the replication of defective DNA
• Its disorder mainly causes microsatellite instability
• eg.: hereditary nonpolyposis colon carcinomas

(HNPCC)




