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Our knowledge about the 
relationship between diet and 
cancer risk is dynamic, and 
requires a constant update based requires a constant update based 
on current high quality research.

Characteristics of cancer cells
Types of cancers
Molecular mechanisms in cancer development
Interactions with diet

Folate
Phytoestrogens
Phytochemicals/polyphenols

Adverse effects of dietary components
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Cancer is a genetic disease!g
Caused by DNA damage/specific mutations
Deregulated cell growth
Immortalization
Invasion ‐metastasis
A i iAngiogenesis

Inheritance EnvironmentNormal physiological 
processes

Nutrition
Pollution
Radiation
DrugsDrugs

Mammalian cell

Genes regulating cell division,
growth and death
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Cancer is a genetic disease!
Deregulated cell growth
Immortalization
Invasion
Angiogenesis

I iti ti P ti P i TInitiation:
DNA damage:
Point mutations
Translocations
Deletions, LOH

Promotion: 
New DNA damage

Progression
Additional DNA 
damage

Tumor, 
metastasis

Possible modulation of DNA damage consequences by dietary componenets
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Melanoma, skin 
cancer from 
melanocytes

Glioblastoma, major 
form of brain  cancer
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Normal bone tissue Bone cancer (ostoesarcoma)

Ewing sarcoma Osteosarcoma in femur
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Important 
genetic changes 
in established 
cancer cell lines.



16

Influence of dietary factors on:y
Protein kinase modulators in cell signaling
DNA stability, mutation rate
Detoxification of carcinogenes
Ligands for transcription factors

Examples of how nutrition may interact with Examples of how nutrition may interact with 
basic factors in cell proliferation and growth 
such as oncogenes and tumor suppressor 
genes: colon cancer and breast cancer

APC: Protein involved in cell proliferation
P53: Transcription factor involved in stress management
K‐ras: GTP‐binding protein signalling effects of growth factors

PTEN: Phosphatase involved in signalling of cell growth
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Jänne et al.

Increased mutagenesis in 
folate deficiency

Uncontrolled 
cell growth

Cell growth 
controlled by 
neighbouring cellsX

Extra cellular
Ca++  
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Jänne et al.

Epigenetically regulate gene expression: p g y g g p
X‐chromosome in females.
Growth regulating genes:
▪ Oncogenes (c‐myc, Ki‐ras)
▪ Tumor suppressor genes 
▪ Transposons  jumping genes Transposons, jumping genes 
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CHCH3

TATCGT
ATAGCA

Methionine
synthase Me

Homocysteine Methionine
synthase

Metyl
tetrahydrofolat

Tetrahydrofolate

Methylene 

SAM
donor of methyl groups

Me

Me
Me

Me
Me

Me

Methylen
tetrahydrofolate

Methylene 
tetrahydrofolate
reductase =CH3-Me

DNA methylation
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Methionine
synthase

Homocysteine Methionine
synthase

Methyl
tetrahydrofolate

Tetrahydrofolate

Methylen Dihydrofolate

Dihydrofolate
reductase

Methylen
tetrahydrofolate

Methylen 
tetrahydrofolate
reductase 

Uracil

Thymine

Dihydrofolate
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Analyses of colorectal carcinomas in humans 
t  i ti  b t  K R   t ti   d suggest association between K‐Ras mutation and 

folate intake.
van Engeland M, et al. Effects of dietary folate and alcohol intake on 
promoter methylation in sporadic colorectal cancer: the Netherlands 
cohort study on diet and cancer. Cancer Res. 2003 Jun 15;63(12):3133-7.

Brink M, et al. Dietary folate intake and k-ras mutations in sporadic colon y p
and rectal cancer in The Netherlands Cohort Study. Int J Cancer. 2005 
May 1;114(5):824-30. 

Jänne et al.
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Block in cell 
proliferation 
untill DNA 
damage is 
repaired
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Folate deficiency 
 DNA cause DNA 

hypomethylation 
and increased 
risk of 
subsequent q
mutations in p53.

Jänne et al.
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Sufficient folate:

...AGCTGTATGCTCTTGGATGCT...

Uracil Thymine

Methyl (CH3-)

folate

Sufficient folate:

...AGCTGTATGCUCTTGGATGCT...
Uracil Uracil 

Folate-deficiency:

Single strand DNA break

AGCTGTAUGCTCUTGGATGCT
TCGACAUACGAGAACCTACGA

Single strand break

AGCTGTAU   GCTCUTGGATGCT
TCGACAU   ACGAGAACCTACGA

Double strand break
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X RARα

t(15;17)(q21;q12)
Translocation i APL

PML

Reciprocal translocation

RAR
RA

PML
15 17
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Epidemiological data Epidemiological data 
suggest that diets rich 
in phytoestrogens 
protect against breast 
cancer.

Phytoestrogens are dietary plant components 
with estrogen/antiestrogen activities

Phytoestrogens

Increased 
expression
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E PTEN
Cellevekst
Celledeling
C ll diff i i

ER
E

Celledifferensiering
Metabolisme

= T
= A
= G
= C

AUGCUUGAGAGGCUCGGAUUAG

Genistein: 

Genistein

Genistein: 
Weak estrogen-effect, 
competes with estrogen for 
binding to estrogen receptor

Tyrosine kinase inhibitor: 2.5 -
40 µMGenistein

Østradiol

Oncogenes src, fes og abl 
inhibited by 10-100µM genistein

Soy-rich diet => 5-10 µM genistein 
in the blood after 8 hours
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The effect of phytoestrogens (weak estrogens) are 
difficult to assess  since estrogen competition may be difficult to assess, since estrogen competition may be 
positive:

In increasing PTEN expression in estrogen negative 
cells

but negative:

In reducing PTEN expression in estrogen positive cells 
(due to the weaker estrogen activity than estrogen itself)

Fungus in 
cereals

In burnt food 
and tobacco 
smoke

Industrial plastic 
production

(Aspergillus
flavus)In spoilt food
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Environmental procarcinogens are p g
metabolized by cytochrome p450 enzymes

Phytochemicals influence activities of phase I 
and phase II enzymes and thereby also 
metabolism of carcinogensmetabolism of carcinogens

Phase I Phase II

ConjugationAbsorption EliminationOxidation

Xenobiotic

Cytochrome P450 
Glutation synthaseenzymes:

Family of several 
hundreds of 
enzymes

Glutation synthase
Glutation transferase
etc Urine
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Activation
Activation

Coding sequenceRegulatory sequence

Phase I and Phase II 
enzymes  

T/GnGCGTG 
Xenobiotic response element (XRE): 
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Q Phase I og 
II enzymes

Detoxification 
of carcinogens

AhR
Q

ARNTARNT

II enzymesof carcinogens

AUGCUUGAGAGGCUCGGAUUAG

XRE

Positive effect:
Increase activity/amount of enzymes that 
inactivate procarcinogens
Inhibit activities of enzymes that activate 
procarcinogens

Negative effect: 
fIncrease activities of enzymes that activate 

procarinogens
Inhibit activities of enzymes that inactivate 
procarcinogens
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Plasma konsentrasjonen 
etter et løkrikt måltid:
1 µM etter 0.7 timer

Quercetin øker aktiviteten
av fase I eznymer

Sulforafan

Hemmer 
cytochrome P-450 
2E1 som aktiverer 
prokarsinogener
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Positive effects of phytochemicals that Positive effects of phytochemicals that 
increase activity of procarcinogen-
inactivating cytochrome P450s

Negative effects of phytochemicals that 
increase activity of procarcinogen-
activating cytochrome P450s
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Topoisomerase type II

Catalyse DNA double strandbreaks during DNA repair

Catalyse unwinding of DNA during DNA replication
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It is the combined effect It is the combined effect 
of a multitude of 

phytochemicals in plant 
derived food that reduces derived food that reduces 
cancer risk through many 

mechanisms!


