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Epigenetics and  Diseases 



• Epigenetics, Epigenome, Epigenetic Changes and Imprinting. 
 

• Epigenetic inheritance, Memory. 
 

• Imprinting – epigenetics in expression of father and mother genes in the offspring 
and its relevance to phenotype and disease. 
 

• Maternal diet during gestation and epigenetic changes – how mother’s nutrition 
affects long term health of the child.  
 

• Parental care and epigenetics – influence of parental care on epigenetic changes 
– stress, obesity, hypertension, CVD, IBS etc., 
 

• Child abuse and epigenetic changes - Suicide – human subject.  
 

• Environmental effects on epigenetics – insight from study on Twins.  
 

• Toxicants and epigenetics – its effects on future generation.  
 

• Epigenetic Nanotherapeutics – Research Data. 
 
• Epigenetic and Tumor Microenvironment.  
 
• Take home message.  
 

OUTLINE  



Epi-genetics – study of heritable changes in the phenotype or 

gene expression caused by mechanisms other than changes in 

the underlying DNA sequence.  

 

Epi-genome – Genome with epigenetic modifications.  

EPIGENETICS  



•Each base pair (bp) in DNA – 0.34 nm 

long.  

 

•# of bp/cell – 6 million  

 

•Each cell has - 2 m of DNA [(0.34 × 10-9) 

× (6 × 109)]. Has to fit in nucleus 2-10 um 

in size.  

 

•Human body has 50 trillion cells – 100 

trillion m of DNA. 

 

•Distance between sun and earth – 150 

billion m 

 

•Each of us has enough DNA to go from 

here to sun and come back more than 

300 times.  

NUCLEOSOME – HISTONES AND DNA 



Positively charged tail  

Acetylation 

Positively charged tails of nucleosomal 

histone proteins probably interact with 

negatively charged phosphates of DNA 

Acetylation of the tails weakens their 

interaction with DNA and may permit 

some transcription factors to bind to 

DNA 

Histone protein DNA 

2 – deoxycytidine  

CH3 

Major epigenetic modifications – Methylation and Acetylation 



ANALOGUE FOR EPIGENETIC MODIFICATION  

Deacetylation  Acetylation 



•Hsa- mir-196a2- Non small lung cancer 

•miR-17 and miR-30c-1 – familial breast cancer  

Dorsha DGCR8 - Pasha 
Microprocessor 

Complex  



Active  Inactive  

Xist  

Tsix 



Two type of X chromosomes – X - inactive (Xi), X active (Xa) 

 

Two type of regulatory RNAs - Xist and Tsix RNAs  

 

Xist RNA is a long non coding RNA produced by X chromosome which in future will be 

inactivated. This RNA sticks to the chromosome produced it and represses its gene 

function.  

 

Xa RNA also initially produce this RNA but then stops its production  

 

Tsix a negative regulator of Xist is produced by both the chromosomes initially and 

then suppressed in Xi chromosome but not in Xa chromosome, this produce higher 

copies of this RNA which will bind to antisense strand of the chromosome. 



GENE REGULATORY PROTEIN AND GENE SILENCING  



GENE EXPRESSION  





EPIGENETICS - IMPRINTING 



Beckwith-Wiedemann Syndrome – An example of imprinting  



Human over growth syndrome /  

Beckwith- weidemann syndrome.  

 

The study done in Victoria state – Australia 

(1983 – 2003). 13, 16, 500 cases were 

investigated. 4/14,485 IVF had BWS. 

 

The risk for BWS is 18 times higher in IVF 

babies than normally conceived babies 

 

Most of the genes turn off in the egg when  

they are removed from their natural 

environment – Mouse embryo genes turned 

off in the petri dish. The same technique as 

IVF.   

 

  

ALTERING THE NATURAL ENVIRONMENT – INDUCES EPIGENETIC CHANGES 

Loss of imprinting in chromosome 11 p 

15. Major cause methylation of Igf2 

receptor   





Genes have the memory from 

where they came from  

 

Prader wili syndrome – 

Chromosome 15 – father  

 

Angelman syndrome – 

chromosome 15 – mother  

 

How do they know ??? 

Angelman syndrome  



Faithful copiers – DNMT 3A, 3B and 3L 

DNMT 3B 

DNMT 3L DNMT 3A 

Only one copy – cannot be lost  



MATERNAL CARE AND EPIGENETIC CHANGE 



1,000 mother-infant pairings were 

recruited in the Vancouver, BC, Canada 

area. 



Disasters induced epigenetic changes – can become imprint in the gene 

for generations  





Epigenetic model of Irritable Bowel Syndrome 



DNA IS NOT DESTINY 

Randy Jirtle and Robert Waterland 

Dept of Radiation Oncology, Duke University; 2000 

vitamin B12, folic acid, choline and betaine  

Published online 4 August 2003 | Nature | doi:10.1038/news030728-12  

 



NUTRITION AND EPIGENOME  
Eating for two 

Foods rich in folate (vitamin B9) including leafy green 

vegetables, citrus fruits and strawberries, are dietary 

sources of methyl.  

Vitamin B12, found in fish, meat, milk and eggs, can 

donate methyl groups to the metabolism  



Diet during pregnancy and early life –  

epigenetic changes and disease susceptibility   

Dutch hunger winter (1944) in German occupied Netherlands – 18,000 died of 

hunger. 

Individuals whose mothers were exposed to famine during first trimester of pregnancy 

exhibited increased risk of obesity and CVD.  

 

Individuals whose mothers were exposed to famine at later stages of gestation had 

increased incidence for insulin resistance and hypertension.  

 

Cohorts study in developed and developing nations, including the United Kingdom, 

North America, India and China  have shown consistently that lower birth weight within 

the normal range for a particular population is associated with an increased risk in later 

life of CVD and the metabolic syndrome (hypertension, insulin resistance, type 2 

diabetes, dyslipidaemia and obesity). Most of the studies linked causes due to IGF2 

methylation  



Dutch Hunger  

 

Probands in their middle age had higher levels of triglycerides and LDL cholesterol. They 

also experienced higher rates of conditions such as obesity, diabetes and schizophrenia. 

 

An explanation for these findings is that famine may cause life-long changes in DNA 

demethylation and subsequently increase blood lipid levels in late life. The Dutch famine 

studies have reported that participants exposed to famine up to 6 months during 

gestation had different methylation level in late adulthood at 

the IGF2, INSIGF, IL10, LEP, ABCA1, GNASAS, and MEG3 gene loci, compared to 

their sex-matched siblings without famine exposure  

 

Chinese Famine study - provide a novel evidence that methylation in the IGF2 gene 

was positively associated with TC in late adulthood. The findings not only help to 

understand the function of IGF2 but aid in delineating the mechanisms of cholesterol 

metabolism. 

 

Gene – knockout studies in experimental mice produced similar results.  

 

Mexican – American study – prenatal sugar and high fat rich food – resulted in IGF2 

methylation and drawn similar conclusions  

 

https://www.nytimes.com/2017/12/26/health/india-diabetes-junk-food.html


Thus infants born with lower body weight likely to have reduced fat mass 

and they undergo early catch-up growth resulting in greater accumulation 

of fat mass relative to lean body mass and they have increased risk of 

becoming obese than infants born with higher birth weights. 

 

Formula milk fed infants show cardio-metabolic diseases in later life. 

Number of studies shown greater incidence of obesity in adults who were 

formula fed as opposed to breast fed during infancy.  





Protein restricted diet during gestation  

Glucocorticoid receptor activity in liver  11b-hydroxysteroid dehydrogenase II 

Phosphoenolpyruvate carboxy kinase 

Gluconeogenesis Obesity and insulin 

resistance  

Cortisol  Cortisone  



Maternal diet and aging alter the epigenetic control of a promoter–enhancer interaction at the Hnf4a 

gene in rat pancreatic islets (PNAS; Feb 11, 2011; Dr Susan Ozanne; Institute of metabolic science; Univ. of Cambridge, UK)  

Hepatocyte nuclear factor 4-α (HNF-4α), is a transcription factor required for pancreatic β-cell differentiation 

and glucose homeostasis. 

 

This study had shown that HNF-4α, which has been implicated in the etiology of type2 diabetes is 

epigenetically regulated by maternal diet.  

 

Aging leads to progressive epigenetic silencing of the entire Hnf4a locus in islets, an effect that is more 

pronounced in rats exposed to a poor maternal diet.  
 

Finding of this study provide evidence for environmentally induced epigenetic changes at the Hnf4a 

enhancer that alter its interaction with the P2 promoter, and consequently determine T2D risk.  

Authors of this study  proposed that environmentally induced changes in promoter-enhancer interactions 

represent a fundamental epigenetic mechanism by which nutrition and aging can influence long-term health.  

 

“Type II diabetes, heart disease due to obesity, insulin resistance, and hypertension are the diseases most 

strongly associated with maternal diet during pregnancy,” said Karen Lillycrop, who specializes in perinatal 

nutrition at the University of Southampton in the UK.  

 

http://www.2n2u.com/2011/03/maternal-diet-and-aging-alter-the-epigenetic-control-of-a-promoterenhancer-interaction-at-the-hnf4a-gene-in-rat-pancreatic-islets/
http://www.2n2u.com/2011/03/maternal-diet-and-aging-alter-the-epigenetic-control-of-a-promoterenhancer-interaction-at-the-hnf4a-gene-in-rat-pancreatic-islets/
http://www.2n2u.com/2011/03/maternal-diet-and-aging-alter-the-epigenetic-control-of-a-promoterenhancer-interaction-at-the-hnf4a-gene-in-rat-pancreatic-islets/
http://www.2n2u.com/2011/03/maternal-diet-and-aging-alter-the-epigenetic-control-of-a-promoterenhancer-interaction-at-the-hnf4a-gene-in-rat-pancreatic-islets/


Maternal obesity and consumption of a high-fat (HF) diet during pregnancy and 

lactation has been shown to increase the risk for development of obesity and related 

metabolic disorders in the offspring.  

 

Animal studies have shown that maternal consumption of a palatable diet can 

increase the preference for fat and sugar in the offspring. The results were extended 

to human studies with 4,000 subjects.  

 

Overall, data from this work show that maternal consumption of HF diet during 

pregnancy and lactation can program an increased drive for the consumption of 

palatable foods. 

 



Don’t count Dad out  

Difference 

in survival 

was 32 yrs 

The study was of 303 probands, 164 men and 139 women, born in 1890, 1905, 

or 1920, and their 1,818 children and grandchildren. 44 were still alive in 1995 

when mortality follow-up stopped. 

https://en.wikipedia.org/wiki/Probands




Among the sex-specific effects noted;  

 a greater body mass index (BMI) at 9 years in sons, but not daughters, of 

fathers who began smoking early.  

 The paternal grandfather's severe change in food supply was only linked to the 

cardiovascular mortality risk ratio of grandsons and not granddaughters.  

 The paternal grandmother's food supply was only associated with the 

granddaughters' cardiovascular mortality risk ratio. It was 2 fold higher 

when she had a good food than poor food during the SGP.  

 The father's poor food supply and the mother's good food supply during SGP 

were associated with a lower risk of cardiovascular death.[1] 

https://en.wikipedia.org/wiki/Body_mass_index
https://en.wikipedia.org/wiki/Cardiovascular
https://en.wikipedia.org/wiki/%C3%96verkalix_study#cite_note-Lalande-1996-1


Environmental factors influence epigenetic difference and disease 

susceptibility even among twins  



Environmental factors – vinclozolin antiandrogenic factor 

Maternal exposure  



Methylation of GR 

Child abuse leads to epigenetic changes –  

resulting in mental disorders and suicide  



Child abuse and suicide – maternal care and epigenetics 





TAKE HOME MESSAGE ?? 






