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A short introduction to Epigenetics 

 

 

Epigenetic impact of acute tubular injury 

 



XIXth century. Fixism is dead. Evolution happens. 

Jean-Baptiste de Lamarck 

Organisms don’t adapt much   Organisms adapt to their environment

  

Natural Selection (random mutations)  Inheritance of acquired characteristics  

 

Evolution is very slow     Evolution can be fast 

1744-1829 

Charles Darwin 
1809-1882 



Adrian Bird 

Nature, 2007 

 

The latest definition of 

Epigenetics 

 

The structural adaptation of 

chromosomal regions 

so as to register,  

signal, 

 or perpetuate  

altered activity states  



Methylation 

of Cytosine 

Highly stable  

« The Triple Helix » 

Histone 

Modifications 

Highly Dynamic 



examined monozygotic (that is, identical) twins, whom, perhaps oddly, 
epigeneticists often use to exemplify their system at work. To many, twins 
epitomize the awesome power of genetics to determine human form and 
function regardless of environment. Indeed, ‘concordance’ of a particular 
characteristic in monozygotic and dizygotic twins is one of the most rel-
iable ways of assessing its genetic basis. What has attracted the attention 
of epigeneticists, however, is that monozygotic twins do not always show 
the same disease susceptibility, raising the possibility that epigenetic dif-
ferences that arise during ageing are at work6. Accordingly, it has been 
reported that young twins have similar amounts of DNA methylation, 
whereas older twins differ considerably in the amounts and patterns of 
this modification7. Might these non-genetic age-dependent differences 
in gene marking give rise to the divergent disease predispositions seen 
in some twins? At present, this is unclear, and a recent study emphasizes 
the need for further basic work on twins. The largest high-resolution 
analysis of human DNA methylation patterns so far found that 873 genes 
on 3 chromosomes showed no significant variation in DNA methylation 
between individuals in their mid-20s and those in their mid-60s8. The 
remarkable uniformity of DNA methylation among unrelated individu-
als of disparate ages does not square easily with the large divergence 
reported in twins of the same age.

Another high-profile study has raised the possibility that a mother’s 
behaviour can affect the chemistry of DNA in her offspring. Quality 
of early maternal care has long been acknowledged to have long-term 
repercussions during the lifetime of an individual. A potential mecha-
nism for this effect was deduced from a study reporting that mater-
nal nurturing in rats alters DNA methylation at the gene encoding the 
glucocorticoid receptor9. The authors suggest that in the absence of 
appropriate nurturing, there is less methylation of this gene in the hippo-
campus, resulting in overexpression of the receptor in later life. The 
implication is that the glucocorticoid-mediated stress-response pathway 
is epigenetically fixed at the level of gene transcription. In addition, 
transgenerational effects of environmental insults have been reported 
in mammals: for example, the exposure of embryonic rats to the anti-
androgenic compound vinclozolin led to a decrease in spermatogenesis 
not only in the treated animals but also in males of several subsequent 
generations10. Altered DNA methylation was again suggested as a poten-
tial mediator of this effect, although, during development, mammalian 
embryos pass through a profoundly hypomethylated state, which might 
be expected to jeopardize the heritability of such marks. Despite uncer-
tainties about the mechanism(s) at work, these studies have raised the 
profile of epigenetics as a potential mechanistic explanation for the long-
term impact of the environment on physiology and behaviour (see page 
433). Time will tell whether that potential is realized.

Epigenetics and inheritance
Should heritability be mandatory in a contemporary view of epigenetics? 
The requirement that epigenetic characters should be transmissible 

through mitosis or meiosis has the virtue of clarity but can be a lia-
bility. To explain why, it is necessary to introduce a third, somewhat 
informal, ‘definition’ of epigenetics that has crept into widespread use. 
This incarnation of epigenetics encompasses the biology of chromatin, 
including the complex language of chromatin marks (see page 407), 
the transcriptional effects of RNA interference (see page 399) and, for 
good measure, the effects of the higher-order structure of chromo-
somes and the nucleus (see page 413). The attraction of this usage is 
that it brackets together some of the most exciting contemporary work 
in biology. Its drawback is that it does not sit easily with the prevail-
ing textbook definitions. One reason for this is that many chromatin 
marks are short-lived. For example, phosphorylation of the variant 
histone H2AX (also known as H2AFX) after a double-strand break11 
would qualify as an epigenetic mark under the emerging definition, 
but it is too transient to qualify as a heritable epigenetic mark (Fig. 2). 
Histone modifications associated with transcription are also ambiguous 
with respect to heritability. On the one hand, DNA methylation affects 
histone acetylation and histone methylation, so these modifications can 
be viewed as heritably epigenetic, albeit indirectly12. On the other hand, 
these histone marks can also result from events that seem to involve 
neither DNA methylation nor Polycomb group proteins, and the marks 
are not necessarily transmissible between generations. Therefore, a sin-
gle histone modification could, in principle, be rated as either epigenetic 
or not epigenetic according to the heritability credentials of its origin. 
Such a complicated classification system would have limited utility.

The issue of replicative accuracy is also relevant when considering 
heritability. DNA synthesis is spectacularly accurate, making only 
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Wild type Peloric

Figure 1 | Frontal view of a wild-type toadflax flower and a peloric 

epimutant. a, The wild-type flower is dorsoventrally asymmetrical. 
b, By contrast, the peloric flower is radially symmetrical with all petals 
resembling the ventral petal of the wild-type flower. (Image reprinted, 
with permission, from ref. 4.)
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Figure 2 | Persistence of epigenetic marks. Alterations that last less than one 
cell cycle (green asterisk, a) do not qualify as epigenetic under the definition 
that strictly requires heritability, whereas non-mutational changes that 
are transmitted from one cell to its daughters (red asterisk, b) or between 
generations of an organism (blue asterisk, c) do qualify. 
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Wild-type          Peloric Epimutant 

The Toadflax flower: one genome, two phenotypes 

1742, Ziöborg, student 

Peloria : greek for « Monster » 

1744, Linnaeus, fixist  

Linnaeus: "This is certainly no less remarkable than if a cow were to give birth to a calf with a wolf's head," 

Lcyc silencing 



Zeybel M et al, Nat Med 2012 

Multigenerational Epigenetic Adaptation of the 

Hepatic Wound-Healing Response 



Same number of precursors of myofibroblasts before injury 

More myofibroblasts after liver injury 

Zeybel M et al, Nat Med 2012 



Zeybel M et al, Nat Med 2012 

Rats born from exposed ancestors use PPAR-γ gene more easily 



Zeybel M et al, Nat Med 2012 

Hereditary transmission of hypomethylation of PPAR-γ promoter 



WELCOME TO MY WORLD 



Genome wide analysis of methylation profile in fibroblasts 

isolated from normal vs fibrotic human kidneys 

Bechtel W et al, Nat Med 2010 

RASAL1 is a GAP protein 

12 genes were found to be systematically methylated in fibrotic kidneys 

out of which 3 have orthologs in mice 

e.g. RASAL1 

Méthylation of RASAL1 

In fibroblasts extracted  

from fibrotic kidneys 

BGS 

MeDIP 



RASAL1 promoter is methylated in myofibroblasts from injured kidneys 

Bechtel W et al, Nat Med 2010 

MeDIP 

Control for equal 

loading in 

immunoprecipitation 

Captured (Me) DNA 



RAS inhibitors are potentially anti-fibrotic drugs 

Bechtel W et al, Nat Med 2010 



BMP7 decreases RASAL1 methylation in the UUO model 

Tampe B et al, J Am Soc Nephrol 2014 



BMP7 induces TET3 

Tampe B et al, J Am Soc Nephrol 2014 



Ischemic Acute Kidney Injury  

(no modification of RASAL1 promoter methylation status) 



Wald R et al, JAMA 2009 



Giral M et al, Kidney Int 1998 

Severe (> 6 days) DGF 

shortens graft survival 

by 4.5 years 

- No DGF 

- DGF < 6 days 

 

- DGF > 6 days 

USRDS DATA (2013): Odds Ratio for graft loss at 5 years: 1.7 (after exclusion of ECD) 

Butala et al, Transplantation 2013 

IMPACT OF DELAYED GRAFT FUNCTION 



Does Acute Tubular Necrosis really resolve ad integrum ? 

Thadhani R et al. N Engl J Med 1996 

Chawla LS et al. N Engl J Med 2014 

« Maladaptative repair » 

Yang L, Nat Med 2010 



OR 4.7, 95%IC [2.02-10.94], p<0.0003 

A history of delayed graft function 

is the stronger independent risk factor  

for the « mesenchymal transition » 

of tubular epithelial cells  

trial 

Multicenter Randomized Trial in France 

 

194 patients included 

 

Therapeutic intervention to prevent fibrogenesis in EMT+ grafts 

Rostaing L et al, Am J Transplant 2015 



HYPOTHESIS 

Renal fibrogenesis is influenced by previous injuries 

 

and not only by current ones (hypertension, diabetes, etc) 

Surviving epithelial cells 

repare the tubule 

but have a « memory » 



Methylation 

of Cytosine 

Highly stable  

« The Triple Helix » 

Histone 

Modifications 

Highly Dynamic 



H3k18ac vimentin 

Histone modifications and 

epithelial reprogramming 

H3k9ac vimentin 

Maren Burbach 



Implantation biopsy of a graft with immediate graft function 

Immunohistochemistry (H3KAc) 

http://images.google.fr/imgres?imgurl=http://upload.wikimedia.org/wikipedia/en/thumb/7/7a/PPlaquecloseup.png/200px-PPlaquecloseup.png&imgrefurl=http://www.creotec.com/index.php?page=ebusiness_solution&title=Human_being&h=239&w=200&sz=29&hl=fr&start=2&tbnid=YkhVdT1Q0LjZ1M:&tbnh=104&tbnw=87&prev=/images?q=human+being&svnum=10&hl=fr&lr=


Biopsy at POD10 of a graft with delayed graft function 

Immunohistochemistry (H3KAc) 
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Genome instability induced by ischemia 

 

 

 

H3KAc 

 

 

Pan-H3 

Ctrl      Low     Reperf 

            pO2     15 min 

mouse PTEC 

under low PO2  

Histone deacetylation and reacetylation 



Acute tubular necrosis induced by ischemia reperfusion injury 

CORTEX 

Cortico-Medullary 

Junction 

Sham 

Surgery 

Giemsa 



H3KAc 

Control Mouse 



H3KAc 

IRI, Day 2 



H3KAc 

IRI, Day 58 

Total 

Kidney 

 

(IRI) 



Class I HDAC inhibition potentiates renal damage in folic acid induced AKI 

Tang J et al, Am J Physiol Renal Physiol 2014 



Cosentino CC et al, J Am Soc Nephrol 2013 

Therapeutic effect of m4PTB,  

a Histone Deacetylase Inhibitor 

Day O: Left IRI; Day 1 to 7 m4PTB, day 8 right Nx, Day 28: sacrifice 



Which genes are epigenetically imprinted 

by H3KAc in tubular epithelial cells ? 



	

Renal dissociation 

 

Incubation of cell suspension with 

magnetic beads coated with an 

antibody targeting PROMININ-1  

Prominin1 is 

expressed in 

the brush 

border (PTEC) 

Enrichment in Proximal tubular epithelial cells 

	

Legouis D et al, BMC Cell Biology 2015 

David 

Legouis 



Chromatin 

Immunoprecipitation 

Sequencing 

Ex: Anti-H3KAc AB 



Intensity of the histone mark in the genome: differential analysis 

 

Ischemia vs Sham surgery 

Previous history of IRI 

Previous history of Sham surgery 

Sequencing the input (no Ab) Enrichment by IRI 

CHiP Seq H3KAc / Isolated Tubular Epithelium / IRI vs Sham 



SHAM 

Day 0 
C57/Bl6j ♂ 

8 semaines 

AKI 

Day 56 Day 28 2nd HIT 

Epigenetic marks 

Intense fibrosis ? 

Which impact on renal fibrogenesis ? 



One hit  Two hits 

Genome-wide analysis of the memory effect of AKI ongoing (RNA seq): 

 

• Before the second hit (are genes permanently activated ?) 

 

• After the second hit (are genes « poised for activation ») 

Impact of a resolved AKI on fibrogenesis in the presence of a 2nd hit ? 



Acute and Chronic Kidney Diseases are interconnected 

 

Auto-perpetuation of fibrosis after AKI is epigenetically driven: 

•Methylation status of PPARγ, TGFβ, RASAL1 in myofibroblasts 

•Histone modifications in tubular epithelial cells 

 

New drugs on the way 

CONCLUSIONS 



Pierre 

Galichon 

Sophie 

Vandermeersch 
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Bataille 

Yi-Chun 
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Iman 

Sadia 

Marie-Julia 

Ziliotis 

The « Epigenetic Task Force » of INSERM UMRS_1155, Tenon Hospital 

« The only lasting truth is change » 
 

Héraclite, Fragments 



“I think of a child's mind as a blank book.  

 

During the first years of his life, much will be written on the pages. 

 

The quality of that writing will affect his life profoundly.” 

1901-1966 

Walt Disney 


