Glycative Stress Research

Online edition : ISSN 2188-3610

Print edition : ISSN 2188-3602
Received: May 17,2018

Accepted : July 18,2018

Published online : September 30,2018
doi:10.24659/gsr.5.3_129

Review article

Epigenetics and aging
Yoshimasa Saito, Hidetsugu Saito

Division of Pharmacotherapeutics, Keio University Faculty of Pharmacy, Tokyo, Japan

Glycative Stress Research 2018; 5 (3): 129-134
(c) Society for Glycative Stress Research

(X - AABHRE)
ZEEIEYVIRTAVR

R FIE, AL

BRI SN A7 B A B T R o A

W

IET AT 47 AL, FERHILOMBIEIZB VT, DNA BV OZ L Z b3 I2 7 u~F o2
I BETFEHAZEEICHETARETH L, TE¥T 2274 7 AZBLORENZLDE LT, DNAD AT
MERP LA DD T FIEB LA F LR EHd b, ERRHE AF =Rtz & REERoZ & %
One Carbon Metabolism ¥ FFATE Y . ZOMRBEEE 2 HEN T L58EE (AFF =0, /. U Y 32 B) .
IET AT A 7 AGIHBENMERA L. BETORBLZ IO EEL 52 T0nh, INLDOIEI AT 4 7 A
B OmMfE L. RACEFEER, MHRELR ST SEFREBOFEKNC L Z L HmESN T,

AR Nk & I D BEREAMN T L, MR OREERCHFI S CTE R BB AT AV A D ¥ FAGHRDTEE
ENTV D B0 L 2 EEORREEACT IS, MRS B 2N 2 D 2 T 1 7 AZA LD EE 1%
HAERITIEDPBRMESN TS, FELA ML ADT ) AMEHNET AW REIETEL 6N D, Al
7oL 3IRTCEERLE TH DL AN ) A FEFRIZL DB LB E R VT /A P2 HwT, €Y ot
T4 7 ABTALICAEH LB LD 55T A = XA O, Y7 AREHEMICED Friz 2 bulgim A OB
2Pk L T2,

AR | HEERIE

T 105-8512 WHEEIBEXRZAE 1-5-30
BREER AR EFREYRE L HE
TEL : 03-3434-6241

X —Jb : yoshimasa.saito@gmail.com
HEE  BEHEEK  hsaito@a2.keio.jp

(1)

Glycative Stress Research 2018; 5(3): 129-134
KXz HT BRI EH &5 LTS v,

(c) Society for Glycative Stress Research



Glycative Stress Research

KEY WORDS: —v > %7 1 7 2A%1t. DNA A F )V ik, & & b v &E 154,
one-carbon metabolism. FAILE L, PrniGEF

IEIIXRT1 7 AELICELD
B FREDHE

I¥Y AT 1 7 AL, DNA BH 0%t % b §
27 Ba~F UREEOZEAC L) @ E TR A R S
LEECTH Y, ol BE. ATV T v T Xk
EAREMAL 2 EOEGHRICECEES L Tws, ¥ P
AT 47 ANTEE ., MRS REL WA SNLEETH L,
COBEDHE - AT AU, FEREGEEE, KRR
EEFEFRRBEORERICAL I EFMESRTNE Y,
IV 2 AT 47 AEAOREN LSO L LT, DNAD
AF MR A N DT T IVEB LA F VAL &0 D
%o F72. DNADHEIERIIIEMOKIRZ 7/ A LIFED
WL, 207 AERBHITAIEY £ A F 4 7 AEWO
WHEIESY ) AEFATHS,

DNAD A F WMALIZEHEBI O 7 7 22 BT HME— DL
1972 156 Tdh %o DNAXFLALE 1Z. DNAD S A5
F v (C)y 7T = (G) OIEIZE A7 2 ¥adkAEE] (CpG)
BT 2L b2y DS MRFERFICA T IVESIFIMS NS
FUGTd 1. DNA X F)V{LEEZ (DNA methyltransferase :
DNMT) 12X -> Tl sz (Fig. 1) *Ys %< OFEETO

TUE—F —FHHICIE CpG T A T ¥ FE w9 CpGRFID
7 TAY =D ENT VD, BIaTOTHE—F —HE
MWAFMLEND &, THROBEFHRBIZIHI SN L 2 &
WHSNTWS, —Ji. DNA B A F Vi, DNA#E#I|Z
RAE L THEL B ZEIRH A F L1k &, DNA B3R L
RWBEBIIIIE A FALIZ KB SN D, REBIIEE 2 F L 1EiE
TET (ten-eleven translocation) 2 & 2 KEELIGATA &
EEEHSTWAHEEZSNTWAEY, TETIEY by >
DS5MDAFIVE (SmC:5-AF IV V) ZKBILL.,
ShmC(5- v FaFy A F )y b3 V) IC8BT 2 (Fig. ).
Z X 72 ShmC i, ML/ 24 %> DNA 35 26 B 215 15 B%
BIZEDIEATF LY by oA B s, BiAF Vs
N5, ShmC iE. DNA i 2 F VALREEG 12 BRI fA &
LCOEE X T2 LM SN TV LA, ZLEMAED
Wi ¥V 2T 4 v 7 ffi v o T LD D
o D EDXHIZ, 5SmCiE "S5 DHEHE", 5hmCix "%
6 DIEIE" LAEZLNTBY., MORESCHEST, EiFY
TE., MR ER L OFTIZBW T, Mo TEERE
HE LT EDHEI STV DA, FOEY I % E
IZOWTIRZAM AR EDL FREIN TV D,

C omC

ShmC

H,

N7 |
O)\N
|

Deoxyribose

Fig. 1. DNA methylation and demethylation.
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A methyl group is added to the 5-position of cytosine by DNA methyltransferase (DNMT) and it becomes 5-methyl-
cytosine. TET hydroxylates the methyl group of the 5-position of cytosine (5mC:5-methyl cytosine) and converts it to ShmC
(5-hydroxymethyl cytosine). The converted ShmC is converted to unmethylated cytosine through cell division and DNA base
excision repair mechanism and as a result, becomes demethylated.
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Fig. 2. Control of gene expression by epigenetic change.

When histone H3K9 is methylated, it recruits DNMT and HDAC, DNA is methylated and histone is deacetylated. Through
these modifications, the chromatin structure is agglutinated and gene expression is deactivated. Meanwhile, when histone
H3K?27 is methylated by PRC2, it deactivates gene expression not through DNA methylation.

®: Methylated DNA, O: Demethylated DNA, Ac: Acetylated histone, Me: Methylated histone.
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Fig. 3. One-carbon metabolism and epigenetics.

One-carbon metabolism is being examined as the mechanism combining nutrients and epigenetics. The nutrients constituting
one-carbon metabolism bring about DNA methylation change. SAM of methionine metabolic pathway, in particular, is an
important metabolic product playing a role of methyl group donor for DNA methylation and histone methylation.

THEF: tetrahydrofolate; 5, 10-MTHEF: 5, 10-methylene THF; 5, CH3-THF: 5, methyl-THF; SAM: S-adenosylmethionine; SAH:

S-adenosylhomocysteine.
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Fig. 4. Epigenetic changes associated with aging of stem cells.

The epigenetic conditions of DNA methylation and histone modifications are almost evenly maintained in young stem cells. While
stem cells repeat self-replication with aging and the exposure to environmental factors, chronic inflammation and infection with
bacteria and virus are added to it, and epigenetic changes accumulate. Epigenetic changes accelerate with aging, finally leading to
tissue dysfunction associated with the depletion of stem cells and the abnormal proliferation of cancer and other diseases.
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