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Epigenetics: the study of persistent

changes in gene expression that does not

involve mutations of the underlying DNA





Metabolic memory

Epigenetic changes



Long-term benefits of intensive glucose control for 

preventing ESKD: ADVANCE-ON

Muh Geot Wong et al. Dia Care 2016
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Hypoxic memory

Epigenetic changes
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AKI on CKD: 

CKD Progression



VAP-1 in pericytes enhances neutrophil infiltration 

into the IR-injured kidney by generating H2O2

Tanaka, Nangaku et al. Kidney Int 2017



Basile, Nangaku et al for the ADQI XIII Work Group. JASN 2016



Basile, Nangaku et al for the ADQI XIII Work Group. JASN 2016



Renal hypoxia in the pathophysiology of 

the AKI-to-CKD transition 

Nangaku et al. Nephron 2017



Hypoxia

Uremia

Modified from Mimura, Tanaka, & Nangaku. Semin Nephrol 2013



Hypoxia as the final common pathway to ESKD

Nangaku. J Am Soc Nephrol 2006



Peritubular ischemia contributes more to tubular damage than 

proteinuria in immune-mediated glomerulonephritis

Muh Geot Wong et al. JASN 2008

Double immunostaining showed

pimonidazole-positive tubules

(brown) located close to Kim-1–

positive tubules (pink).

pimonidazole



Hirakawa, Tanaka, Nangaku. J Diabetes Investig 2017

HIF

Nrf2

Defense against hypoxia

Defense against 

oxidative stress



Oxygen sensing –

an essential process for 

survival

2016 Albert Lasker Basic 

Medical Research Award

Gregg L. SemenzaWilliam G. Kaelin, Jr. Peter J. Ratcliffe

http://www.laskerfoundation.org/awards/show/oxygen-sensing-essential-process-survival/#william-g-kaelinjr
http://www.laskerfoundation.org/awards/show/oxygen-sensing-essential-process-survival/#peter-j-ratcliffe
http://www.laskerfoundation.org/awards/show/oxygen-sensing-essential-process-survival/#gregg-l-semenza


Hypoxia

Uremia

Modified from Mimura, Tanaka, & Nangaku. Semin Nephrol 2013



D-serine accelerates tubular senescence

SA-βG staining

D-serineControl

γ-H2AX staining

Okada, Nangaku et al.

Sci Rep in press

Chirality



Okada, Nangaku et al.

Sci Rep in press



Indoxyl sulfate suppresses HIF activity

Tanaka, Nangaku et al. 

FASEB J 2013

reporters

HIF targets

IS: indoxyl sulfate



Suppression of HIF and its targets by indoxyl sulfate

Huang et al. Kidney Int 2016

IL-10

VEGF



Indoxyl sulfate inhibits binding of HIF to its co-factor,

p300

Tanaka, Nangaku et al. 

FASEB J 2013



Indoxyl sulfate induces HIF-inhibiting CITED2 protein

Tanaka, Nangaku et al. FASEB J 2013

Increased CITED2 mRNA 

stability by IS

CITED2 mRNA

CITED2 protein



The efficient displacement of HIF-1α from its complex with 

CBP/p300 by CITED2 is kinetically driven and proceeds 

through a transient ternary intermediate

Berlow et al. Nature 2017



Hypoxia

Uremia

Modified from Mimura, Tanaka, & Nangaku. Semin Nephrol 2013



Hirakawa, Nangaku et al. Sci Rep 2015

Measurement of oxygen tension in the kidney 

utilizing a novel phosphorescence probe



Hirakawa, Nangaku et al. Sci Rep 2015
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Phosphofluorescent probe to detect hypoxia



S1 segment has higher oxygen tension compared 

with S2 segment

Hirakawa & Nangaku.

manuscript in submission

U: upstream tubules

D: downstream tubles



Epigenetics

DNA methylation

miRNA and lncRNA

Histone modification

Chromosomal conformational change



Maternal protein restriction diet induced less weaning weight

and hypermethylation of ribosomal DNA in offspring

Holland et al. Science 2016



Ischemia-reperfusion injury decreased the genome-

wide methylation level and the CpG methylation level 

Zhao et al. Gene 2017



Aberrant Rasal1 promoter methylation contributes to 

sustained fibroblast activation and AKI-to-CKD progression 

Tampe et al. Kidney Int 2017

Rasal1: Ras-Gap–like protein-1



Epigenetics

DNA methylation

miRNA and lncRNA

Histone modification

Chromosomal conformational change



A clear advantage of targeting lncRNA rather than epigenetic-

related enzymes or other non-coding RNA such as miRNA is the

direct sequence specificity of the target site.



RNA-seq revealed DARS-AS1 as a hypoxia-induced 
lncRNA

Mimura, Nangaku et al.

Physiol Rep 2017



DARS-AS1 is induced by HIF-1

Mimura, Nangaku et al.

Physiol Rep 2017



Knockdown of DARS-AS1 aggravates apoptotic cell death 

Mimura, Nangaku et al.

Physiol Rep 2017



Epigenetics

DNA methylation

miRNA and lncRNA

Histone modification

Chromosomal conformational change



Maternal H3K27me3 controls DNA methylation-independent 

imprinting

Inoue et al. Nature 2017



H3K4me1 normoxia 

H3K4me1 hypoxia

H3K27ac normoxia

H3K27ac hypoxia

H3K4me3 normoxia

H3K4me3 hypoxia

HIF1α normoxia

HIF1α hypoxia

-35kb-24kbGLUT3

Epigenetic modification of expression of 

glucose transporter 3 (GLUT3) by hypoxia

enhancer mark

active mark

Mimura, Nangaku et al. Mol Cell Biol 2012
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Mimura, Nangaku et al. Mol Cell Biol 2012



Regulation of GLUT3 expression by hypoxia

normoxia hypoxia

GLUT3 GLUT3

Up-regulation

Mimura, Nangaku et al. Mol Cell Biol 2012



Cross-enhancement of ANGPTL4 transcription 

by HIF1 and PPAR β/δ

Inoue, Nangaku et al. Genome Biol 2014

HIF1α

PPARβ/δ



Inoue, Nangaku et al. Genome Biol 2014



OMX super-resolution microscopy showed changes of the 

distribution of H3K9Me3 marks in NRK-52e cells by TGF-β1

H3K9Me3: repressive histone mark

NUP62: nuclear envelope protein 

nucleoporin 62 

Hewitson et al. 

Front Pharmacol 2017



curcumin improves nephrosclerosis via suppression of 

histone acetylation

Normal 

salt
High

salt

High salt + 

curcumin
acetylated H3K9 

Serum creatinine

Muta et al. NDT 2016

ChIP using anti-acetyl-H3K9 



increased EZH2 in the human fibrotic kidney

Zhou et al. JASN 2016

EZH2 (Enhancer of zeste 

homolog 2): 

histone methyltransferase of 

H3K27me

EZH2 mediates kidney 

fibrosis by downregulating 

expression of Smad7 and 

PTEN



Zhou et al. JASN 2016

Dznep: inhibitor of EZH2

Dznep attenuates renal fibrosis in obstructed 

kidneys 
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Mimura, Hirakawa, Nangaku. manuscript in submission
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Nuclear staining of tubular

cells showed decreased

staining of H3K27me3.

Suppression of H3K27me3 by Dznep

Mimura, Hirakawa, Nangaku. manuscript in submission
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microdissection



Dznep suppressed TIMP2 expression in the kidney

RNA-seq of the kidney
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Mimura, Hirakawa, Nangaku. manuscript in submission
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Mimura, Hirakawa, Nangaku. manuscript in submission
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Dznep Novel microRNA targets
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Dznep suppresses expression of TIMP2 
via microRNA

Identified by small RNA-seq

Ischemia/
reperfusion

Mimura, Hirakawa, Nangaku. manuscript in submission
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