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RESEARCH TOPICS

The department is interested in investigating
the molecular events involved in the susceptibility
to sporadic forms of cancer. Our particular interest is
focused on sporadic colorectal cancer, which poses
a serious health problem in the Czech Republic. As
part of the identification of common genetic variants
that predispose anindividual to this cancer, candidate
genes within various relevant pathways in colorectal
carcinogenesis have been addressed (e. g. DNA repair,
cell cycle, biotransformation). The Department has
participated in whole genome association studies
(GWAS), aimed at the identification of susceptibility
lociin sporadic colorectal cancer, and will be involved
in detailed investigations of the functional conse-
quences of these loci.
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RESEARCH TOPICS

— Investigation of the role of transi-
ent markers (DNA and chromoso-
mal damage) in carcinogenesis;

- relationship between transient
markers of cancer and indivi-
dual susceptibility (i. e., relevant
candidate genes);

— identification of the mechanisms
underlying chromosomal and ge-
nomic instability;

— investigation of the role of low-
penetrance genes (cell cycle, DNA
repair) in the risk of sporadic co-
lorectal cancer and other types
of cancer;

— the role of genetic variants in pre
dicting anticancer therapy outcome
and overall prognosis;

— investigation of the links between
genotype and gene expression
with implications for the proper/
improper functioning of the cell;

— investigation of somatic mutations
in oncogenes and microsatellite
status in adenomatous polyposis
coli.

Colorectal cancer (CRC) is a com-
mon neoplasia in both men and
women (with an estimated risk inci-
dence of 5% worldwide) and ranks
as the fourth most common can-
cer in the world, with approxima-
tely 875,000 new cases diagnosed
each year. An increased incidence
in Europe has been recorded over
the past decade, with a particularly
severe situation in the central Euro-
pean region. The incidence of CRC
in the Czech Republic ranks third
worldwide, while the incidence
of rectal cancer, particularly in men,
is the highest. Both environmental
and genetic factors are involved in
the onset of sporadic CRC, which
represents the predominant form
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of this cancer (approx. 90% of all
cases). It is believed that sporadic
CRC involves multiple genes with
moderate effects (low penetrance
type) and progression occurs due
to aggressive gene-environment
interactions. The complex etiology
of CRC and the observed high inci-
dence in the Czech Republic stress
the importance of a systematic
approach, combining epidemio-
logical and molecular biological
methods, to understand the critical
pathways in CRC tumorigenesis.
Our recent interest has been ori-
ented towards chemotherapy re-
gimes, usually selected with the help
of classical predictive markers such
asTNM, which are notequally effect-
ive in all patients and which exert
significant side effects. An assump-
tion that the genetic profiles of pa-
tients could improve the prediction
of an individual’s response to stan-
dard chemotherapy regimes in CRC
resulted in a selection of candidate
genes, comprising the metabolic,
transport, DNA repair and cell-cycle
genes.Screeningthelociin the abo-
ve genes may have relevance in
pharmacogenomics with the ul-
timate goal of individualized che-
motherapy. Most recently, the par-
ticipation of the Department in
a multicenter study has resulted in
the identification of several suscep-
tibility loci of CRC using genome
wide association (GWA). A detailed
analysis of these loci, regarding
their function in tumor cell biology,
is ongoing.

RESEARCH TOPICS

— Investigation of the mechanisms
involved in DNA repair pathways;

— functional tests for DNA repair ca-
pacity;

— expression of relevant DNA repair
candidate genes;
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— interest in genotype-phenotype
interactions;

— therole of several DNA repair path-
ways in carcinogenesis.

Nuclear DNA is constantly exposed
toDNAdamagingagentsfromtheen-
vironment and the diet. Normally,
there is a dynamic equilibrium
between DNA damage and its remo-
val by effective and accurate cellular
repair enzymes. If the steady state
is disturbed, the damage measured
will increase, but then increased
repair activity (through normal enzyme
kinetics, with possibly induction or
activation in addition) will tend to
restore the equilibrium. The steady
state level depends on the intrinsic
repair rate in the individual’s cells,
which may be in part genetically
determined and in part affected by
metabolic or environmental factors.
To date, more than 150 human DNA
repair genes have been identified,

which canbe categorizedinto 5 main
pathways: base excision repair (BER),
nucleotide excision repair (NER),
mismatch repair (MMR), double-
strand break repair (DSB) and direct
repair. The cell cycle and mitotic
spindle checkpoints are also critical
in this process to ensure that cell
proliferation only follows the correct
replication and organization of genetic
material, respectively. Otherwise, if
genetic material is altered, it can be
repaired at the DNA level, enabling
the cell to replicate. If the ge-
netic damage is too excessive for
repair, the cell avoids propagating
the damaged DNA by undergoing
apoptosis. Thus DNA repair plays
an important role in close relation-
ship with cell cycle controlin cancer
prevention, by removing potentially
mutagenic lesions and maintaining
chromosomal and genomic stability.
DNA repair capacity measurement
represents a complex marker inte-




Stages of colorectal cancer (source: National Cancer Institute).

grating polymorphisms, gene ex-
pression, the stability of the gene
product, the effectof inhibitors/stim-
ulators, environmental factors and
lifestyle factors. In sporadic cancers,
greatly affected by gene-environ-
ment interactions, the employment
of new and pathway-specific DNA
repair assays hallmarks cancer risk
identification and the prediction
of therapeutical outcome.
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