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Nutrigenetics and Nutrigenomics

•Nutrigenetics; effects of genetic variation on 
response to diet with regard to different 
quantitative traits, e.g. serum lipids, BP, glucose, 
insulin and energy metabolism

•Nutrigenomics; effects of nutrients at cellular, •Nutrigenomics; effects of nutrients at cellular, 
genetic level, modulation of gene expression 

•Proteomics
•Metabolomics & Systems biology



Study designs

•Cross-sectional, e.g. obese vs. lean persons 
(phenotype difference) 

•Comparison according to genetic variation 
(genotype difference)

•Intervention trials•Intervention trials
•Single-dose studies; before vs. after an 

experimental meal 
•Short-term studies, a few days to 2-4 weeks
•Long-term trials, only a few available 



Dietary modifications

•Fasting, overfeeding
•Weight reduction studies
•Comparison of different fat modifications, e.g. 

fish oil
•Dietary fiber•Dietary fiber
•Different types of carbohydrates
•Fats vs. carbohydrates
•Other components or ingredients
•Physical activity



Tissues of interest

•Fat tissue +++
•PBMCs +
•Muscle ++
•Gut, ethical issues
•Liver, could be used in specific study designs



Energy intake, 
Weight change
Changes in fat mass

Dietary modifications

Insulin resistance
Insulin secretion
Serum lipids
Adipokines
Lipidomics 
Metabolomics

Genes/clusters/pathways

n1

n2
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Dietary modifications
Physical activity

Drugs

Lipidomics 
Metabolomics
Inflammation
BP
Oxidative stress

n3

• Short term changes in gene expression may be different
from that seen in long-term



Relative risks (RRs) for the association between cereal fiber (A), fruit fiber (B), vegetable fiber (C), 
and magnesium (D) consumption and risk of type 2 diabetes mellitus for individual cohort 

studies and all cohort studies combined

Copyright restrictions may apply.

Schulze, M. B. et al. Arch Intern Med 2007;167:956-965.



DPS studyDPS study: Diabetes by original treatment group 
during the total follow-up period

Log-rank test: p=0.0001
Hazard ratio=0.57 (95% CI 0.43-0.76)

30

40

50

C
um

ul
at

iv
e 

in
ci

de
nc

e 
of

 T
2D

, %

Control

Lindström et. al. Lindström et. al. LancetLancet 2006 2006 

0

10

20

30

C
um

ul
at

iv
e 

in
ci

de
nc

e 
of

 T
2D

, %

0 1 2 3 4 5 6 7 8

Follow-up time, years

Intervention

Intervention ceasedIntervention ceased



10

15
D

ia
be

te
s 

in
ci

de
nc

e 
ra

te
 p

er
 1

00
 p

er
so

n-
ye

ar
s

Figure 4: Diabetes incidence rate by success score. Weight at year 3 (LOCF), 
other variables are based on mean level during years 1-3. 
(treatment groups pooled).

Lindström et al. Lancet 2006
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Mean and adjusted 3 year weight change in 
DPS according to fat and fiber intake

Jaana Lindström et al 2006 Diabetologia



The risk of diabetes in DPS according to fat and 
fiber intake

Jaana Lindström et al 2006 Diabetologia

Lindström et al. Diabetologia 2006



• Adipose tissue secretes active molecules
participating in
– maintaining energy balance
– glucose metabolism
– lipid metabolism

Why adipose tissue?

– lipid metabolism
– inflammatory processes
– hormonal effects

• Adipose tissue has an important role in the
development of insulin resistance and metabolic
syndrome



Earlier studies

•Mostly cross-sectional between lean and obese 
subjects

•A few short-term weight reduction intervention 
studies

•Down regulation of genes involved in •Down regulation of genes involved in 
inflammation and desaturation of fatty acids 
(Dahlman et al. Am J Clin Nutr 2005, Clement et 
al FASEB J 2004)



Effects of glucose and insulin

•Insulin has been considered to be the major 
regulator of gene expression in response to 
glycaemic variation (Meugnier E et al. Curr 
Opinion in Clinical Nutrition and Metabolism 
2007;4:518)

•Acute hyperglycaemia, even independent of 
insulin, induces a global downregulation of gene 
expression in adipose tissue and skeletal muscle 
of healthy subjects  (Meugnier E et al. Diabetes 
2007;56:992) – almost all of the biological 
pathways were affected



Viscosity of oat bran enriched beverages and 
gut hormone response

Glucose and insulin

Juvonen et al. J Nutr 2008

Ghrelin and CCK

GLP-1 and PYY

Paracetamol



The effect of low fat, high carbohydrates 
(Hudgins L, J Nutr Biochem 2008;19:237)

•12 lean and 7 obese subjects 10 vs. 30 % fat, 75 % (high sugar) vs. 55 % 
carbohydrates

•Cross-over design with 2 weeks intervention
•Hepatic de novo lipogenesis (DNL)
•Adipose tissue gene expression•Adipose tissue gene expression
•Low-fat, high sugar diet induced 4-fold increase in maximum hepatic 

DNL, but only 1.3 fold increase in adipose tissue fatty acid synthase 
enzyme

•In obese subjects TNF-alfa and IL-6 expression of AT increased 
independent of diet



Effects of high intake of fructose vs. glucose 
(Stanhope KL et al. JCI, 2009)

•10 weeks parallel study
•25 E% from glucose vs. fructose ad lib diet
•Similar weight gain
•VAT increase greater with fructose
•Futhermore, fructose increased hepatic de novo 

lipogenesis, promoted dyslipidemia, and 
increased insulin resistance 



Stanhope et al 2009, JCI



Stanhope et al. 2009, JCI



Stanhope et al. 2009, SCI



Percent changes in gene expression in SAT, 
Stanhope et al. 2009, JCI

Glucose/Fructose Glucose Fructose p

Fatty acid
desaturase 1

65.3 (17.6) -0.7 (11.8) 0.0024

Fatty acid
desaturase 2

53.4 (17.9) 9.6 (9.2) 0.025

Stearyl-CoA 54.0 (22.6) -2.1 (10.0) 0.017Stearyl-CoA 
desaturase 1

54.0 (22.6) -2.1 (10.0) 0.017

Fatty acid
synthase

23.9 (9.8) 1.8 (7.0) 0.057

PPAR-gamma -15.3 (9.2) 5.8 (5.3) 0.074



Study n type and duration intervention results
Clement et al. 2004 29 obese,

17 non-

obese

parallel

28 day VLCD

2 day VLCD

weight loss:

VLCD

improvement in inflammatory 

profile after 28 days VLCD

Dahlman et al. 2005 40 obese 

woman

parallel

10 weeks

weight loss:

moderate fat, moderate CHO vs. Low-fat 

High-CHO

macronutrients have a 

secondary role in adipocyte

gene expression after weight 

loss

Mutch et al. 2007 54 women parallel

10 weeks

weight loss:

responders vs.

non-responders

The prediction accuracy of 

dietary responders is 

insufficient for clinical use

Kallio et al. 2007 

FUNGENUT

47

MetS

parallel

12 weeks

Low insulin response diet vs.

High insulin response diet

No weight loss

Dietary carbohydrate 

modification had  markedly

different effects on gene 

expression 

21.10.2009

Kolehmainen et al. 2007

GENOBIN

46 

MetS

parallel

33 weeks

weight loss Genes regulating the 

extracellular matrix and cell 

death showed a down-

regulation after long-term 

weight reduction.

Capel et al. 2008 94 women parallel

10 weeks

Weight loss:

low-fat, high-carbohydrate diet vs. 

moderate-fat, low-carbohydrate diet.

Energy restriction had a more 

pronounced impact on 

variations in human adipose 

tissue gene expression than 

macronutrient composition.

Henegar et al. 2008 55 obese

15 lean

Bariatric surgery ECM related genes up-

regulated in obesity



Weight reduction 
• changes in 105 genes
• 82 % downregulated (FDR 13.3%, 

p<0.01)

• FC 0.67-1.68
• Tenomodulin (0.67, p<0.00001)

Control 
• changes in 62 gene
• 82 % upregulated (FDR 12.9%, p<0.01)

• FC 0.63-1.33

Clusters by GO biological 

Gene expression changes in Genobin weight 
reduction study of 33 weeks  

Clusters by GO biological 
processes:

• Extracellular matrix
• Cell cycle and proliferation
• Others

Clusters by GO biological 
processes:

• No clusters formed

Kolehmainen et al. Int J Obes 2008



weight loss and cytokine mRNA expression in peripheral blood weight loss and cytokine mRNA expression in peripheral blood 
mononuclear cells (PBMCs)mononuclear cells (PBMCs)
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Fungenut – Study design

Group A: Wheat - oat bread - potato

Group B: Rye bread - pasta

Habitual 
diet

0 4 8 12

4 day food 
diary

N=26

N=21

0 4 8 12

Randomization 4 day food diary x 2

Adipose tissue 
biopsy
Glucose tolerance 
test
Anthropometry
Biochemistry
Blood pressure

Anthropometr
y
Biochemistry
Blood pressure

Anthropometr
y
Biochemistry
Blood pressure

Adipose tissue 
biopsy
Glucose 
tolerance test
Anthropometry
Biochemistry
Blood pressure

Kallio et al. Am J Clin Nutr 2008



Postprandial glucose and insulin responses to Postprandial glucose and insulin responses to 
wheat+oatwheat+oat breadbread (A)(A) and and ryerye bread (B)bread (B) baskets baskets 
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ChangeChange in in insulinogenicinsulinogenic
indexindex

p=0.055
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Change (%) in insulinogenic index in rye bread-pasta ■ and wheat-oat bread-
potato □ group. Increase in insulinogenic index within rye-past group 
p=0.004. Mean (±SEM).



GeneGene expressionexpression resultsresults
Rye bread+pasta 71 genes with changed 

expression
� all down-regulated (0.7-0.9 fold)
� for example:

� hormone sensitive lipase
� insulin-like growth factor binding 

protein 5 
� H3 histone, family 3B

cyclin D2

Wheat+oat bread+potato 62 genes with 
changed expression

� all up-regulated (1.07-1.93 fold)
� for example:

� ADAM metallopeptidase 
� serum/glucocorticoid regulated 

kinase 
� interleukin 10 receptor, alfa 
� heat shock 70 kDa protein 1B 

21.10.2009
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� cyclin D2
� secreted frizzled-related protein 1
� plexin B2
� transcription factor 7-like 2
� tumor suppressor candidate 5
� golgi autoantigen, golgin 

subfamily a, 2
� lectin 1

� heat shock 70 kDa protein 1B 
� heat shock 10 kDa protein 1
� phosphoinositide-3-kinase, 

class 2, beta polypeptide
� fatty acid binding protein 5



Gene expression of selected inflammatory 
factors (Kallio et al. 2008, AJCN)

Gene expression in AT High insulin response Low insulin response

TNF-alfa

0 wk 109.4 (9.1) 113.3 (11.3)

12 wk 136.2 (12.7) 113.5 (12.5) P=0.08312 wk 136.2 (12.7) 113.5 (12.5) P=0.083

Interleukin-10 receptor

0 wk 81.8 (5.9) 117.6 (12.3)
12 wk 112.1 (6.4) 98.6 (7.1) p=0.002



Selected cytokine concentrations (Kallio et al 
AJCN, 2008)

Cytokine High insulin response Low insulin response

Interleukin-1 beta 
(pg/mL)
0 wk 0.23 (0.02) 0.19 (0.02)

12 wk 0.26 (0.03) 0.17 (0.02) P= 0.02

Interleukin-6 (pg/mL)Interleukin-6 (pg/mL)

0 wk 2.38 (0.24) 2.11 (0.26)

12 wk 2.95 (0.45) 1.83 (0.19) P=0.055

TNF-alfa and Interleukin-10 NS



Conclusions
•Both weight loss and qualitative changes in diet induce 

changes in gene expression in adipose tissue (and 
PBMCs)

•Quality (and quantity of carbohydrates) regulates gene 
expression through the effects on insulin, glucose and 
other mediators

•Nutrigenomics & Systems Biology approach offer new •Nutrigenomics & Systems Biology approach offer new 
opportunities to better understand the effects of 
diet/nutrients at cellular, tissue and whole body level

•Gene expression studies may identify new genes, 
which could be involved in the pathogenesis of 
obesity-metabolic syndrome-T2DM
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