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The Human GenomeThe Human Genome

• ~ 30,000 genes 30,000 genes

• ~ 3 x 109 base pairs (A, C, G, T)

• ~ 3 x 106 Single Nucleotide Polymorphisms (SNPs)g y p ( )
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Human Genetic VariationHuman Genetic Variation
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Human Genetic VariationHuman Genetic Variation

• Single Nucleotide Polymorphisms (SNPs)

• Copy Number Variants (CNVs)

• Nucleotide Repeatsp

• Insertions/Deletions
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Single Nucleotide PolymorphismSingle Nucleotide Polymorphism 
(SNP)(SNP)

3 possible 
Genotypes:

CC

CGCG

GGGG
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Individual genetic code changesg g

Copy number variant (gene 
duplication)duplication)

Trisomy (triple
chromosome
variants)variants)

Microsatellite repeatsMicrosatellite repeats
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Genetic variation can affect....

FOOD

Appetite

Taste

Smell

FOOD

Metabolism

Absorption
Distribution

Digestion
Distribution

Excretion
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Types of diet gene interactionsTypes of diet - gene interactions

1. Dietary factors causing somatic or germline 
mutations

2. Interactions between dietary factors and 
genetic polymorphisms (including SNP’s)genetic polymorphisms (including SNP s)

3. Dietary factors interacting with gene y g g
expression (induction / repression)
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Gene variant-disease studies are often disappointing…Ge e a a t d sease stud es a e o te d sappo t g

Polymorphic gene Function / coding for Meta-analysis outcome

d ( llc-Ha-ras and L-myc Proto-oncogenes Not consistent (all 
cancers, 1991)

ACE Angiotensin-converting 
enzyme

Not consistent
(diabetic neuropathy, enzyme (diabetic neuropathy, 
1998)

apo (var epsilon) Apo E variants Not consistent (CVD, 
2002)

p53 (Arg72Pro) Tumor suppressor 
gene

Not consistent
(cervical caner, 2004)

CYP1B1 (Val432Leu) Estrogen oxidative 
metabolism

Not consistent (breast 
cancer  2007)metabolism cancer, 2007)

HMTFR (677 C>T) Folate metabolism Not consistent
(Congenital heart 
defects, 2007)

COMT (Val158Met) Catechol metabolism Not consistent (mental 
disorders, 2007)
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And many dietary factors also show variable 
l ti hi  ith direlationships with disease

- (FRIED/CURED) MEAT: associates with colon cancer risk

- FRUIT and VEGETABLES : weak association with cancer, stronger 
with CVD

- CRUCIFERS / BROCCOLI: Association with CRC possibly stronger 
than  for F&V

- FATS, SUGARS, ENERGY: Inconsistent associations with cancers and 
CVD

- FOLATE: controversial effects on colon cancer risk and CVD riskFOLATE: controversial effects on colon cancer risk and CVD risk

- COFFEE: controversial CVD effects of coffee/caffeine consumption 

ALCOHOL  tl  i t t ith i d b t  i k- ALCOHOL: mostly consistent with increased breast cancer risk
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Health
OutcomeNutrition

Increase
Genotype A

Outcome

No effectGenes
Genotype B

Decrease
Genotype C
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B t di t t di  b  i iBut gene-diet studies may be more promising

- COFFEE: CYP1A2 fast/slow predicts CVD effects of coffee/caffeine 
consumption 

- FOLATE: HMTFR 677 C>T predicts colon cancer risk and CVD risk in 
low folate diets (low fruit and vegetables, high alcohol)

- FRIED MEAT: CYP1A2, NAT2, and GSTA may predict colon cancer 
risk in high fried meat consumers

- OXIDATIVE STRESS: Gpx Pro198Leu may predict breast cancer in 
individuals with high alcohol, low fruit&vegetable consumption

- BROCCOLI: GSTM1+T1 null may increase the cancer preventive 
action of broccoli

- TOBACCO: GSTP1 Ile105Val may increase tobacco-induced bladder TOBACCO: GSTP1 Ile105Val may increase tobacco induced bladder 
cancer 

- ALCOHOL: PPARγ Pro12Ala may predict alcohol-induced breast 
cancer risk

Dragsted, LMC 09-11-2010
Slide 12

cancer risk



Hypothesis: Few foods or gene variants are risk 
f t    i k    i t tifactors per se, risks emerge as interactions

Genetic variation

Lifestyle factors Effect Di
y

including diet
Effect

modulation
Disease

Microbiota variation
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SNPs SNPsSNPs SNPs

Bioactive Bioactive
Metabolism Target

Diet DiseaseDiet Disease
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Is Coffee associated with heart disease?Is Coffee associated with heart disease?

↑ Risk

No Effect

↓ Risk
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Bioactives in coffee

aliphatic acids
magnesium

t ipotassium

caffeinecaffeinecaffeinecaffeine

diterpenoids

melanoidins

polyphenols

d te pe o ds
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C ff i  (1 3 7 t i th l thi )Caffeine (1,3,7-trimethylxanthine)
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“The Legal Alternative”
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SNPs SNPsSNPs SNPs

Caffeine Caffeine
Metabolism Target

Coffee CVDCoffee CVD
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SNPs SNPsSNPs SNPs

Caffeine Caffeine
Metabolism Target

Coffee CVDCoffee CVD

Dragsted, LMC 09-11-2010
Slide 22



Caffeine

CYP1A2

Paraxanthine       

5-acetylamino-6-1 7-dimethyluric acid
1-methylxanthine

5 acetylamino 6
formylamino-3-
methyluracil

1,7 dimethyluric acid
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Genetic Variation in CYP1A2 163 A CGenetic Variation in CYP1A2 -163 A→C
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C t Ri St dCosta Rica Study

2013 cases (myocardial infarction)2013 cases (myocardial infarction)
2013 population-based controls

matched (age sex area of residence)- matched (age, sex, area of residence)

D t ll tiData collection:
- food frequency questionnaire 
- health and lifestyle questionnaire
- fasting blood sample (DNA)  
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CYP1A2 Genotype DistributionCYP1A2 Genotype Distribution

CYP1A2 Controls Cases
Genotype % %

A/A 46 45rapid A/A

A/C

46

43

45

44
slow

A/C

C/C

43

10

44

11
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Coffee Intake and Risk of Myocardial InfarctionCoffee Intake and Risk of Myocardial Infarction
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Coffee Intake and Risk of Myocardial Infarction

2 0

Coffee Intake and Risk of Myocardial Infarction

2.0

<1 cup/d
1 cup/d
2 3 cups/d *

s 
R

at
io 1.5

2-3 cups/d
4+ cups/d

*

O
dd

s

1.0

*1A/*1A *1A/*1F + *1F/*1F
0.5

A/A A/C + C/C
CYP1A2 Genotype
1A/ 1A 1A/ 1F + 1F/ 1FA/A             A/C + C/C

* P<0 05

Dragsted, LMC 09-11-2010
Slide 29

P<0.05

Cornelis et al., JAMA 295: 1135-41, 2006



Coffee Intake and Risk of Myocardial Infarction
Subjects <50 Years of Age

Coffee Intake and Risk of Myocardial Infarction
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SNPs SNPsSNPs SNPs

Caffeine Caffeine
Metabolism Target

Coffee CVDCoffee CVD
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Genetic modifiers
of exposure

Genetic modifiers
of biological effect

Caffeine
ADR     ADORA
HTT     GRK
HTR     COMT

CYP1A2   FMO
CYP2A6   NAT2
CYP2E1

Dit
CETP    PLTPUGT

Diterpenes LDLR    ACAT
SREBP GST

CHD

SULT

ACE      TNF
NFκB    VCAM1

C G

CHD
Risk

Flavonoids

CYP1A2   CYP3A4
CYP2D6   CYP1A1 

G S PKC      PPARG
PDE      CREB
GLUT    PKA 

Flavonoids UGT         SULT
CYP2C9   CYP2E1

Polyphenols 
GLP1R  GLUT
FAS1     ACE
NOX G6PT1

UGT
GST
SULT
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NOX      G6PT1SULT

Curr. Opin. Lipidol, 18: 13-19, 2007 



Exposure genetics and CVD risk

Adora2A  Caffeine CYP1A2   Other Other

Exposure, genetics and CVD risk

do a a O O
SNP intake SNP SNPs CVD risk factors
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A simple carcinogenesis / anti-carcinogenesis model

genotoxin
pro-genotoxin

ActivationDe-activation

tumor promotor
Initiation

Normal 
cells

initiated
cell genotoxin ?

.
Promotion

clone of 
initiated transformed

g ?Promotion

Transformation

initiated
cells

transformed
cell

..... .
.
... ...

..
........

....
Progression

clone of 
transformed 

. . .. ........
..............

blocking agents
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E l  Th  i  PhIP  i  f d h   Example: The carcinogen, PhIP, is formed when meat 
is fried – activation of PhiP involves several genes

Phase I Phase II 

N N
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NO(CO)CH3
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NNATN
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N N
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[O]

NN
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SULT1A1

CH3

DNA skada

(activation  pathway)

damage

(detoxication

CH3

N

HO
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(detoxication
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N N
NH2

Dragsted, LMC 09-11-2010
Slide 40



F i  d b t  i  th  I   h lth t dFrying and breast cancer in the Iowa womens health study
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NAT2 genotype and breast cancer risk
i t ti  ith f i  i t it  i d- interaction with frying intensity index

NAT2 genotype and breast cancer risk
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SULT1A1 i  t t    (454) d t l  (459) SULT1A1 in prostate cancer cases (454) and controls (459) 

SULT1A1 and risk of prostate cancerPhenotype
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SULT1A1, meat indtake and prostate cancer risk
l dcase-control study
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R l ti  b t   ti  d i kRelation between exposure, genetics and risk

Meat and frying CYP1A2 NAT1/2    SULT1A1y g
PhIP exposure   activation activation    induction
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Oxidative damage and risk of cancer
genotoxin

pro-genotoxin

ActivationDe-activation

Oxidative damage and risk of cancer
N
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al 
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.
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Initiation:

- Reactive oxygen species may modify DNA leading to 

clone of 
transformed 
cells (tumour)

. ......
.. ........

yg p y y g
mutation

- Reactive lipid oxidation products may also damage DNA

Tumour promotionTumour promotion

- Prolonged oxidative stress may cause inflammatory reactions
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Pathways: Inflammation and DNA repair

Alcohol

Anti-inflammatory 
foods / medicine Inflammatory response

Oxidative stress and DNA damage
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Fruit and vegetables –Fruit and vegetables 
6-a-Day study: Design

Intervention period
(25 d ) 3

Follow-up
(28 d )

Run-in
(3 d ) (25 days), 3 groups

Controlled diet
(28 days) 

habitual diet
(3 days)

habitual diet

600 F i & V600g Fruit & Veg.

vitamins & minerals

placebo

samples X     X X         X          X        XX X                         X
day      -3      0    2          9         16      24-25      32                        53
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6-a-day study – glutathion 
peroxidaseperoxidase

ROOH

Gpx 2 GSH
GSSG

R-OH + H2O

GSSG

S U P P L
6 0 0  g  F R U V E G

1 4 0

1 5 0

U/g Hb P L A C E B O

1 0 0

1 1 0

1 2 0

1 3 0

0 1 0 2 0 3 0 4 0 5 0

1 0 0

d a y s
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Lower enzyme activity of GPX 198Leu in vitro
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The Diet, Cancer and Health Cohort

Collected by the Danish Cancer Society:
57,053 Danes, aged 50-65 
Collected 1993-1997
Questionaire, blood, urine, fat, nails
DNA, RNA can be purified from frozen lymphocytesDNA, RNA can be purified from frozen lymphocytes
Prospective! 
Some validation (weight, height, food frequency)
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GPX P 198L  i  kl  i t d ith b t  i kGPX Pro198Leu is weakly associated with breast cancer risk

GPX Pro198Leu Ncases/Ncontrol IRR IRRa

CC 176/205 1.00 (ref) 1.00 (ref)

CT 168/136 1.43 (1.06-1.92) 1.48 (1.09-2.01)

TT 33/36 1.15 (0.68-1.96) 1.22 (0.70-2.12)

a) Adjusted for parity (parous/nulliparous, number of births and age at first birth), education, 
duration of hormone replacement therapy (HRT), body mass index (BMI) and alcohol.
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Predictors for GPX activity in red blood cells of controls

Dietary and lifestyle factors GPX activity 
(U/g Hb)

P

Fruits and vegetables, per 100 g/day +0.3 0.35

Alcohol, per 10 g/day +2.0 <0.0001

Present smokers -2.9 0.05

Selenium ≤40 μg, per 10 μg/day +3.4 0.03 

Selenium  >40 μg, per 10 μg/day -0.7 0.20

GPX1 Pro198Leu, per allele -4.2 <0.0001
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GPX1 Pro198Leu and breast cancer riskGPX1 Pro198Leu and breast cancer risk -
interaction with alcohol consumption

GPX1 
Pro198Leu

Alcohol intake (g/day)

≤ 3 /d 3 /d≤ 3 g/day > 3 g/day

N RR (95% CI) N RR (95% CI)

CC 118 1 308 1.63 (1.04-2.53)

CT+TT 96 1.69 (0.97-2.93) 322 1.95 (1.26-3.00)a

a) P interaction=0.30
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alcohol ±fruit&veg   genotype      others

Exposure, genetics and breast cancer risk
alcohol ±fruit&veg   genotype      others

(ox stress)   (Gpx1 )   (Gpx1Pro198Leu)    (Se status, smoking etc.)
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What can we learn from this ?What can we learn from this ?

Diet and genetic constitution 
interact in multiple ways to 
affect taste  preferences  affect taste, preferences, 
reactions and diaseaserisk 
factors

Gene variant studies and studies 
on variations in our microbiota 

ill if    f hi h i k will specify a range of high-risk 
groups, depending on diet and 
life-style factors

”Hi, my name is Krystyn, and I will be the
diet-gene liaison to your waiter tonight”
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