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 Cytosine methylation has primarily been studied in gene promoters because they are

known to be central in regulation of transcription.

 Human studies of DNA methylation have typically been done using peripheral blood

mononuclear cells. How well the DNA methylation pattern of peripheral blood

mononuclear cells reflects that of other cell types at specific genomic sites is not

definitively known.

 However, there are some information on DNA methylation patterns in various tissues

in, for example, the Methylation Database (MethDB, www.methdb.de ) and Next

Generation Sequencing single-cytosine-resolution DNA METHylation DataBase

(NGSmethDB, http://bioinfo2.ugr.es/NGSmethDB/gbrowse/hg18/ ). A list of

additional resources on epigenomic research such as the human epigenome project

initiative (www.epigenome.org )

http://www.methdb.de/
http://bioinfo2.ugr.es/NGSmethDB/gbrowse/hg18/
http://www.epigenome.org/




 Genetic predisposition to epigenetic changes

also exists. This could be through DNA

sequence variation in CG-sites, or small-RNA

target sites in coding genes.

 Also, there may be DNA sequence variation in

peptides in the epigenetic machinery, which

could affect the outcome of the functional

genome. Epigenetic influences that may alter

gene expression are therefore sensitive not only

to environment and chance, but also to the

genetic make-up.

 The DNA sequence variation may hence affect

both the stochastic and environmentally

influenced variance in the epigenome





 Since the end of the Second World War, there has

been a dramatic change in our lifestyles and

many of the identified factors acting alone could

be anticipated to promote obesity.

 The “step-wise” adaptations in lifestyles within

the developed world have coincided with “rural

flight,” a substantial rise in the use of mechanical

transportation a reduction in manual labor and

altered working patterns with more shift work

adding to disease risk.

 These, in turn, have a variety of social and health

related effects even impacting upon reproductive

success and birth weight

(Juneau and Potvin, 2010), (Puttonen et al., 2010; Szosland, 2011), (Ramsden, 2009). 



 The methylation status is altered in the adipose tissue of inborn and diet-induced obese mice such

that hypermethylation of the –437 CpG site upstream of the transcription start site of the PPARG2

gene was observed in omental adipose tissue of obese animals.

 Also rats raised in small litters become obese because of overfeeding, develop hyperglycemia and

hyperinsulinemia, along with hypermethylation of the proopiomelanocortin (POMC) gene.

 CpG methylation has a role in the regulation of adipogenesis and glucose homeostasis.

 Tissue-specific level of CpG methylation is found for example in promoters of leptin, pro-

opiomelanocortin (precursor for melanocyte-stimulating hormone (a-MSH), ACTH and b-endorphine)

and insulin correlating to the corresponding tissue-specific expression levels.

 That changes in DNA methylation can occur postnatal can be exemplified by increase in CpG

methylation of the key metabolic transcriptional regulator peroxisome proliferator-activated

receptor-a (Ppar-a) by folate supplementation in young rodents.



Intervention trials on Mice

 Mice on high-fat diet developed hypomethylation in the satiety-receptor melanocortin-4

receptor, whereas neonatal overfeeding rats, and rats obese because of overfeeding in

small litters, developed hypermethylation of the satiety-mediator pro-opiomelanocortin

in hypothalamus.

 The promoter of glucose transporter 4 was reported demethylated at adipocyte

differentiation, and its methylation could inhibit nuclear factor binding to the promoter.

 Also the Pparg2 promoter was demethylated upon induction of adipocyte differentiation

correlating with expression, and it was hypermethylated at one CpG in the visceral adipose

tissue of genetically induced and diet-induced obese mice.

 Moreover, FTO that is genetically associated with obesity and type 2 diabetes, is a DNA

demethylase.
J Appl Genet 2010; 51:193–197; J Physiol 2009; 587: 4963–4976.



CpG methylation level at a specific allele 
of a single-nucleotide polymorphism in 
melanin-concentrating hormone receptor 
1 exon 1 was recently shown to associate 
to body mass index in peripheral blood 
mononuclear cell from young adults. 

This may in part explain previous 
contradictory results on genetic 
association for this single-nucleotide 
polymorphism to obesity

The MCHR1 gene encodes a G protein-coupled 
receptor for melanin-concentrating hormone, a 
cyclic peptide that regulates a variety of 
functions in the mammalian brain, in particular 
feeding behavior. RT-PCR analysis showed that 
MCHR mRNA was widely expressed in brain 
tissues, pituitary, normal portions of adrenal 
glands (cortex and medulla), tumor tissues of 
adrenocortical tumors

BMI-dependent DNA methylation levels at MCHR1

Allele specific methylation levels plotted against BMI of 
39 individuals. The methylation status of the GT allele 
shows a significant negative correlation with BMI 
(r = −0.814, P = 0.024, Pearson correlation), whereas the 
methylation of the AC allele does not change with 
increasing BMI (r = 0.057, P = 0.897, Pearson correlation).

PLoS One 2011; 6: e17711



DNA methylation can change over time or not?

 There are reports suggesting

that DNA methylation changes

over time and mediates

environmental effects on

human disease.

 Other studies support that DNA

methylation patterns are likely

quite stable over time but

variable between individuals as

a result of inheritance.

Nat Rev Genet 2007; 8: 253–262

Temporal stability and comparison between blood and buccal cell DNA
methylation. A) CpG methylation in the first blood sample is plotted against
methylation in the second, more recent, blood sample. B) CpG methylation
in the recent blood DNA sample is plotted against methylation in the recent
buccal swab DNA sample. Each dot represents 1 CpG unit of 1 individual in
both DNA samples.

FASEB J 2010; 24: 3135–3144



 Feinberg et al. have recently reported genome-wide human

epigenetic data from peripheral blood mononuclear cells

demonstrating 227 regions (VMRs) that showed variability in

DNA methylation level between 74 elderly persons.

 About 50% of those VMRs remained stable within the person

over 11 years whereas the rest of the VMRs changed over time.

 This supports that there are stable epigenetic marks, possibly

governed by genetics, and non-stable epigenetic marks possibly

influenced by environment.

 The stable VMRs can be used as an epigenetic signature for an

individual, similar to genotype. These stable VMRs can be used

as candidates for assessment of non-environmental DNA-

methylation associations with disease or phenotype and hence

predisposing variants of disease.



 In fact, four of the stable epigenetic marks were correlated with body mass

index at two time points 11 years apart.

 They resided in or nearby the genes MMP9, PM20D1, PRKG1 and RFC5. MMP9

and PM20D1 are metalloproteinases. MMPs (including MMP9) are known to be

upregulated in human adipocytes, and have been associated with obesity in

rodent models.

 PRKG1, a guanosine 30,50-monophosphate (cGMP)-dependent protein kinase is

important in regulating foraging behavior, food acquisition and energy balance.



 The elongation of primed DNA templates by DNA polymerase delta and DNA polymerase

epsilon requires the accessory proteins proliferating cell nuclear antigen (PCNA) and

replication factor C (RFC). RFC, also named activator 1, is a protein complex consisting of

five distinct subunits of 140, 40, 38, 37, and 36 kD. This gene encodes the 36 kD subunit.

This subunit can interact with the C-terminal region of PCNA. It forms a core complex

with the 38 and 40 kDa subunits. The core complex possesses DNA-dependent ATPase

activity, which was found to be stimulated by PCNA in an in vitro system

 RFC5 is a metabolism-linked DNA replication complex loading protein, dysfunction of

which leads to DNA repair defects.



Pregnancy and obesity in newborns

Epigenetic marks induced by the developmental environment are in agreement 
with the ‘developmental plasticity’ hypothesis, that is, that the organism has an 

ability to undergo metabolic alterations during early development in order to 
match the phenotype to the anticipated future environment.

J Intern Med 2007; 261:461–471



Large Maternal Weight Loss From Obesity Surgery Prevents Transmission of Obesity to Children 
Who Were Followed for 2 to 18 Years
John G. Kral, Simon Biron, Serge Simard, Frédéric-Simon Hould, Stéfane Lebel, Simon Marceau, Picard Marceau

 To compare the prevalence of obesity in 172 children who were aged 2 to 18 years and born to 113 

obese mothers (BMI: 31 ± 9 kg/m2) with substantial weight loss after biliopancreatic bypass surgery 

with 45 same-age siblings who were born before maternal surgery (mothers’ BMI: 48 ± 8 kg/m2) and 

with current population standards.

 After maternal surgery, the prevalence of obesity in the offspring decreased by 52% and severe 

obesity by 45.1%, with no increase in the prevalence of underweight. The z score reduction in obesity 

was gender specific, with boys reducing from 1.4 ± 1.3 before to 0.57 ± 1.7 after maternal surgery, 

corrected for birth order. The difference was not significant in girls (0.8 ± 1.3 vs 0.8 ± 1.2). Among 

children of both genders who were aged 6 to 18 years of age and born after maternal surgery, the 

prevalence of overweight was reduced to population levels.

 CONCLUSIONS. Contrary to outcomes after intrauterine under- and overnutrition, the prevalence of 

overweight and obesity in children of mothers with large voluntary postsurgical weight loss was 

similar to that in the general population, with no increase in underweight. The results demonstrate 

the importance of potentially modifiable epigenetic factors in the cause of obesity.





Recent studies demonstrate that smoke 
exposure in adults and among fetuses 
exposed to maternal smoking is 
associated with altered leukocyte DNA 
methylation of the aryl-hydrocarbon 
receptor repressor (AHRR) gene, located 
on chromosome 5.

AHRR methylation is particularly 
interesting to study during pregnancy 
because the aryl-hydrocarbon receptor 
(AHR) is involved in metabolizing 
xenobiotics that might affect fetal 
development.



Mean and standard deviation 
(SD) methylation values (%5-
methylcytosine) for the 3 AHRR 
CpG sites were 58.9 (7.8), 83.8 
(6.2), and 64.3 (8.3) and were 
correlated with one another



Bivariate analysis revealed that maternal BMI and education 
<12 years vs. 12 years, infant sex, gestational age, and birth 
weight-for-gestational age were all associated with AHRR 
DNA methylation



Plots of AHRR DNA methylation 
with maternal BMI, gestational 
age, and birth weight-for 
gestational age reveal that the 
associations were similar among 
all 3 CpG sites, although weakest 
for CpG3



They found that infants born to obese and
overweight mothers had higher AHRR DNA
methylation (2.1%) and (0.9%), respectively, vs.
normal weight. Preterm (vs. full term) infants had
higher AHRR DNA methylation (3.1%). LGA (vs. AGA)
infants had lower AHRR DNA methylation (3.7%).



Representative plots of AHRR CpG1 with BMI categories 
(normal weight, overweight, and obese), preterm vs. full term 
birth and SGA, AGA, and LGA demonstrate that the direction 
of the associations is the same whether continuous or 
categorical variables are used to predict AHRR DNA 
methylation



Conclusion

In this prospective birth cohort, they 
found significant associations of 

maternal BMI, infant gestational age, 
and birth weight-for-gestational age 

with offspring AHRR DNA methylation 
in umbilical cord blood DNA. 

Future work to determine the long-
term consequences of AHRR DNA 
methylation later in childhood is 

warranted.



 Data from epidemiological and animal model studies suggest that nutrition during
pregnancy may affect the health status of subsequent generations.

 These transgenerational effects are now being explained by disruptions at the level of
the epigenetic machinery.

 Besides in vitro environmental exposures, the possible impact on the reprogramming
of methylation profiles at imprinted genes at a much earlier time point, such as
during spermatogenesis or oogenesis, has not previously been considered.

 In this study, the aim was to determine associations between preconceptional
obesity and DNA methylation profiles in the offspring, particularly at the
differentially methylated regions (DMRs) of the imprinted Insulin-like Growth Factor
2 (IGF2) gene.











 They found a significant decrease in methylation among newborns of obese fathers at the IGF2 DMR in DNA

extracted from cord blood leucocytes.

 Examining possible associations between paternal or maternal obesity and birth weight but detected no

associations.

 Hypomethylation at the IGF2 DMR has been associated with an increased risk of developing cancers, such as

Wilms’ tumor, colorectal cancer and ovarian cancer.

 Analyses of adults born to mothers exposed to poor nutrition during the Dutch famine indicated a 5% decrease in

methylation at the IGF2 DMR compared to the same sex non-exposed siblings.

 Furthermore, not only do exposures during early gestation cause harmful health outcomes, but famine prior to

conception has also been associated with poor health.

 Analysis of the Framingham Heart Study indicates that early-onset paternal obesity, and not maternal obesity,

increases the odds of aberrant serum levels of the metabolic biomarker ALT (alanine transaminase) in the

offspring.

 Male mice whose mothers were exposed to a high-fat diet were not only obese, insulin insensitive and diabetic,

they were also capable of passing part of this phenotype to the next generation, suggesting an underlying

epigenetic mechanism transmitted through germ cells

Conclusions



Conclusions II

 These results suggest that lifestyle factors of parents may be indirectly

transmitted to the next generation via epigenetic mechanisms.

 One of the measurable lifestyle parameters, obesity of the father, is

associated with hypomethylation at the IGF2 DMR in the offspring.

 The hypothesis is that incomplete or unstable establishment of

methylation at the IGF2 DMR during gametogenesis.

 As a result, exposures to adverse lifestyle factors or poor/ over-nutrition

during spermatogenesis may affect the reprogramming of methylation

profiles at imprinted genes.



Twenty-five overweight or obese men participated in an 8-wk caloric 
restriction intervention. DNA was isolated from peripheral blood 
mononuclear cells and treated with bisulfite. The basal and endpoint 
epigenetic differences between high and low responders were analyzed by 
methylation microarray, which was also useful in comparing epigenetic 
changes due to the nutrition intervention.



The main goals in this study

First, the description of differences between low and high 
responders to caloric restriction in the DNA methylation 

patterns of several genes. This study may allow the 
identification of epigenetic marks that could be used as 

predictive markers of weight loss in the design of personalized 
obesity prevention and management.

Second, the description of the effects of a hypocaloric diet 
treatment on the DNA methylation levels of different genes 

related to adiposity, inflammation, and weight regulation. This 
study would help to search new mechanisms of metabolic 

reprogramming owing to energydeprivation. 

And third, the study of the differences between the DNA 
methylation patterns of high and low responders to the 

hypocaloric diet at the endpoint of the treatment, in order to 
associate them with the metabolic features of each subject.



8-wk energy-restricted diet treatment with a 30% energy reduction



ATP10A encodes an aminophospholipid translocase that transports phosphatidylserine and 
phosphatidylethanolamine  from one side of a bilayer to another It is a type IV P-type ATPase related to 
lipid trafficking and maintenance of the phospholipid asymmetry and fluidity of the plasma membrane 
and seems to be involved in modulating body fat



CD44 is a cell-surface glycoprotein that acts as a receptor for hyaluronic acid. It is commonly 
expressed on hepatic Kupffer cells and infiltrating lymphocytes in liver and adipose tissue, and is 
considered an indirect marker of inflammation and early fibrosis



An interesting gene that maintained the differences after the treatment was WT1. This gene encodes a 
Kruppellike zinc-finger protein that behaves as a transcription factor that can act as a tumor suppressor 
or an oncogene depending on the cell type in which it is expressed



Concerning the last objective of this work, and taking into account only the high responders in 
the microarray assay, 5.8% of the CpGs (1570) were modified by the dietary treatment, which 
was much more than the CpGs modified in the low-responder group (194;0.7%).

This outcome clearly points out that the highresponder group is apparently more sensitive to 
diet induced epigenetic modifications, probably as a result of greater DNA methylation plasticity, 
which is defined as the methylation/demethylation changes that occur during growth and 
development



• Beta-3 adrenergic receptor

It is located mainly in adipose tissue and is involved in the regulation of 
lipolysis and thermogenesis. Some β3 agonists have demonstrated antistress 
effects in animal studies, suggesting it also has a role in the central nervous 
system (CNS). β3 receptors are found in the gallbladder, urinary bladder, and 
in brown adipose tissue. Their role in gallbladder physiology is unknown, but 
they are thought to play a role in lipolysis and thermogenesis in brown fat.



Aim of the study-Protocol

To evaluate the 
effect of a diet 

containing folate and 
hazelnut oil capsule 
on the methylation 
levels of the ADRB3 
gene, lipid profile 

and oxidative stress 
in overweight and 

obese women.

This is a double-
blind, placebo-

controlled, 
intervention study

Adult women aged 
20 to 59 years, who 
were overweight or 
obese. Each group 

consisted of 10 
women, who 
received daily

vegetables and 
legumes containing 

folate for a total

period of 8 weeks.

The women were 
instructed to 

maintain the same 
weight, eating 

habits, and levels of 
physical activity that 
were found during 

the baseline 
evaluation.

300 g of vegetables and legumes 
containing on average 191 
μg/day of folate and 1 hazelnut 
oil capsule (25 g) 

G1

300 g of vegetables and legumes 
containing, on average, 191 μg/day 
of folate and 1 placebo capsule

G2 G3

300 g of vegetables and legumes 
containing on average 90 μg/day 
of folate and 1 hazelnut oil 
capsule (25 g)

G4

subjects were only 
followed-up and 
maintained their 
regular dietary habits

The hazelnut oil capsule that was offered was 
composed basically of monounsaturated fat (68%), 
rich in oleic acid.



malondialdehyde (MDA) as a lipid peroxidation marker], total antioxidant capacity (TAC)







Conclusions

In the present study, the dietary intervention with 
various quantities of folate from vegetables that 
were close to (but lower than) the DRI, as well as 

with adequate amounts of monounsaturated fatty 
acids from the hazelnut oil capsule, did not cause a 

statistically significant weight loss in the total sample 
of overweight and obese women

The dietary intervention followed the guidelines for 
weight maintenance. The results also showed a 

reduction in the methylation levels of the ADRB3 
gene and an increase in the HDL-C values, as well as 
a decrease in the MDA and an increase in TAC, with 

both of the latter values being used to evaluate 
oxidative stress.














