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Epigenetics and It's Detailed Mechanisms in Life Phenomena: A Review

Ken-ichi Watanabe
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Abstract

Epigenetics has recently been accepted to play a role in normal development and the
expression of various genes; however, epigenetic changes have been implicated in the
pathogenesis of a number of diseases, such as cancer, aging, metabolic diseases, psychogenetic
diseases, and inflammatory diseases. The main mechanism of epigenetics involves the
modification of histones and methylation of DNA. In this review, we describe interactions
between epigenetic changes and diseases. We also highlight the epigenetic theory of
presbycusis and the future direction of otological epigenetics.

The methylation of DNA without alterations to the sequence of genomic DNA, achieved
by the addition of a methyl group through DNA methyltransferase to the 5-position of the
cytosine base, inhibited the transcription of specific genes. DNA is also wrapped around the
core histone, which is an octamer composed of H2A, H2B, H3, and H4. The amino terminals,
which extended from core histones, were altered by methylation, phosphorylation or
phosphorylation.

Variations in gene expression or its suppression has been reported in cancer tissues, and
epigenetics is closely associated, such as DNA methylation abnormalities and the histone
protein modification anomaly. In addition, aberrant DNA methylation with different excess or
hypomethylation is observed.

In the modern aging society, reduced immune responses, chronic inflammation, and the
atrophy of muscle tissue, accompanied by an increase in the incidence of cancer have become
major public health issues. Monozygotic twin studies revealed differences between the
acetylation and methylation levels of H3 and H4 according to age. It was assumed that
exogenous factors, such as smoking and physical exercises, and endogenous factors, such as
diet are involved. Oxidative stress of DNA, the accumulation of cell mutations, hormonal
environment, and apoptosis trigger the abnormal differentiation of neoplastic cells. We
additionally described the relationships between epigenetics and psychosis, metabolic diseases,

and inflammatory diseases.
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We examined histone modifications in the inner ear using an aged mouse model.

Degeneration was the most severe in spiral ganglion cells and the organ of Corti at the basal

turn. Acetylation switched to methylation in the organ of Corti and spiral ganglion cells during

aging. Histone modifications are known to play a critical role in neuro-degeneration. Our

results suggest that epigenetic changes are involved in the process of presbycusis.

(HARER R ZEARMERE 2016; 12: 118-126)
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. TEY T4 v I7RER

L1 TEVIRT14v 7 ADEENER

IV xA7 4 v 27 A (Epigenetics) & Epi &
‘genetics’ 2B 7% AEFET, HAFETIIEY) 2K
X720, W TE ZIXHRER L IFHENh, BEEsE
WHZIZED L) IR T2 2SI —2D
77U —FThHhb.

JERAIC#E RS, Darwin C'%%, 1858 4EIZFE D
WEEERLTLUR, e Rl s TE 20
%, STHEWFEOREIZLD, TFE, REMICHEEL
7z. Waddington® & 1942 4, BRBIICHEIG T 57201
W 72 AR TIPS & #is L7z, 1953 4F, Watson
JD B X U Crick FH*#YDNA @ 3 &8 AME % 38
#, 1962 4, Lyon M'2 X O ANEEALZ F8 /A
L7:. ZL7T, 1987 4F, Holliday R°2%38HB L OE
fBLIZBITS DNA DAF NV LEZE S 22T 4 v 7 A
OEEMEZREG L2, /2, DNAZRY T 2 b
YEHABDL T F LR A F o bicBi s h, ¥
VAT AV I ALRKRELEEAEZFF-TED,
Kouzarides T°idv A b Y&HEHEOT I/ BKIGHS,
T F ok, A FMALE Y VLR & o R %
F5EFEDTVAS.

L, BETFRHAPNERELZ@E L TEFIITbn
X, bbb g2 NE2 XL ENTEXS. Ly
L, Wpe UCHRBICREAL, B2AELs2EbH5.
EAZTFREFNT S MRS, DNA BEESEWE 2 LI #
BENDUIMIEAR v ShTwh. Tk
L, B, ¥V AT 4 v 7 AIEETES 2% 2
HZ R, BIETIC X DB E HIHT 28840 &
LCEDEPMEL SNDIZTE S 72

1.2 AAHZXL
IV 2ATA YT ADAHZALIZDNA X F )L
fbee X M VEHHABBHTH 5.

121 DNA @ X F Ak

DNA @ % F)VAkid 7 7 - DNA ORI Z2 2 5
LK, Y MY UM (C) OS5I DNA XA F Lk
5 v A7 x5 —+¥ (DNA methyl transferase, DNMT)
OERICE Y A F VIS INES NS 2 L Tlrbh™
(Fig. la), BEOBETOEEIIHI IS, 72,
BEAED A F WAL SN2 OB 2 FIVLIL IR 1383
DOWEHE~D DS (Fig. 1b, ¢). WHILETIE X F v
{biZFEE LT CpG i TiibN b, ZOHMTIEH
80% NS AFMELENTEBY, NI AF—V ¥ Ji(x
FOTOE—Y —DL HFIEL, AT EIET X
AFMLENRTWS. DNMT & 4 F VI 5RTH
% S-7 7 =) A F % =~ (S-adenyl methionine, SAM)
Mo XAFNVHEESY ) 5 DNANEEH L, DNMTI,
DNMT3a 3 X UI'DNMT3b D7 A4 V¥4 A5 L
Tw5. DNMT3a 3 & 08 DNMT3b (& 8\ 72 4 ¥y i
AL, ISt GA I o 3853E & ¢ DNA X F Uk
N — Y OILIZEBAL, DNMTIL & * Fuib/8 s —
YOGS 5 EEZ 5N TWDY DNA i A
FALICE L, A laERTid s 2 & DNA &1k
DZEHN DNA LA F Vb5l & 2. S 512, #Milg
LR N DORIFN KT U CTHEE SR D B 2 F- Vb ASE
5. ZNIZHL, Gjerset RA & Martin DW" g,
R LA mmMe 2 v, 1982 48, IS REEN Y
% DNA B X Fufbx i L, 20k, e 2iigess
fibhiCTwad, L L, WFLEICB W TEREINEL X 7
WALIZB LT, M. SN2 A D = XL S Tld 2%
, ELITHEmOLEMAD 50

122 b & b &EEIE L
DNAWEI7TEA M VIZBEMNFVTEBY, ITLA
b >i&, H2A, H2B, H3 3B X " H4 ® 8 AR THIK
XNTWwaY (Fig. 2). LA M VEAEET I/ BEK
WA AL, AT AN OHLANHEE L TW5. 1962
4, Paik W B X Kim S“A%, &AED A FVLis
fii %5 L7z, 2000 4E, Rea SS 52k X b VA
B H3~D A F VALIEH AT SUV39HL Z 4 L TiT b
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Fig. 1 Methylation of DNA
(a) The methylation of DNA does not alter the array of genomic DNA and adds 5-position of
the cytosine base (C) by the action of DNA methyl transferase (DNMT) and a specific gene
transfer is suppressed.
(b) Normal gene transcription of DNA is displayed. The information of DNA is correctly copied
to the mRNA.
(c) Methylated DNA inhibits the transcription of target gene.
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Fig. 2 The structure of histone protein
The core histones are wrapped around DNA and consisted of the octamer, such
as H2A, H2B, H3 and H4. The histone proteins have amino acid tails and
protrude from the center of the core histones.

B EZFEEL, 2004 4£121E Shi Y 5975, B A k¥ b, AFAL, U b SO & B % T
EHEH3 ) Y v 4D A F VI LSDI 258 5- L T w5,

WL ElERLE IRHOH|EDOLHIIZL A N VK b2 b VEABEBEICEL, TREFVEBLOBT
WERBET AT I JEBAEAWICIEY VY (K) %29 tF VLI AN Y TEFLVES VAT 25 —F

L, 7u~xF  HEEOHECELGLTBY, 7TEF (Histone acetyl transferase, HAT) BX e X b+ ~
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FT7EFIVET AT =T —+E (Histone deacetyl
transferase, HDAC)IZ X D4 rbirs. HAT it acetyl
CoA #fliftZe LTy Y vz T2 F VLT 5.
HATICIE AT E BRIASEAELCTHB D, AT HAT X
EAHEAGREE L, BEOTEMEZHIHL TS EEZ
LN Tw5b., BEIHAT IZMIRRE L SHFREL, Bz
WEH3, H4K5 BLX U KI2D7 £ FMLIC G35
ERFMSENT WS, HDAC i HAT & KA O %
b, VIUEERRT ST VLT 5. HDAC 3R4
WORMIBOGALIZE G552 L bMON TV
AF VLB LA FIVALIZE A P XF VT 2R
7 =5 —%¥ (Histone methyltransfease, HMT) B &
‘e 2 b5 AF 55— (Histone demethylase,
HDM) X 0SS CTnb, 2 F ki 2 F L
ZSAM ML) I ANBESIELZEICEIDAEL, )
VU, B, CEFLEEZEIIBHINLY. Zhi
L, RECHED AFVLIIZEL TR EEZLR
TW225, 20024E 12 Dy ETIVF VOB A F L
L3 E E 2”0, 2004 412 FAD (Flavin
Adenine dinucleotide) % il &3 % HDMT A%
EEINDIZE 572,

L2 M EAHEBHOR THIKIB L K4 O
HAT 2 X A3t X < WgE s TB Y, H3K9
DT A F VLI BETF B OGN, 7 & F VAL
MALZGI SR T EMONT VS, T DOEEER
DOFBEF I A HRBEEZFISRIT. T = %
T4 v 7 AFIEHE REEFIEIZES S 5 ), €
DREEITFIES, s, AR, R,
FIEPEIRB R EIC G- L TWwaEEZLNT V5,

1.3 BA4BKRBEIED 1271 v 7 AQOEEM
131 ¥y ArT4 v 7 A

FEALRRIC BV TR~ Rz FRBIR IR 2 L) 2 &
BHOENTWE, TV AT A v 7 ARING LR
ML THY, ¥ e LTDNA @ X F A LR,
LA b EARBHREY 2 EPBT 5N 55 DNA
AFIVALRFEE LT, EFMgE B o780 213
A F LB SN TV S, #E 2 FAkiE, $EH
HlEETF7eE—F —HO CpG T4 7~ FDO X F
MEz AL, EfET O mRNA ~NOIEE L )L o]
ZHeH L, BIEFORNEMLEZTI &2 T (Fig.
1b, ¢). €3, Knudson DR & L CHEHI®I#E1x T
DAFHALIZIE, DNA OERF 2 EREPEZ 5N T
W7z75, DNA O X F WAL Z DR DO 3 DT &
LTBITFONL LI EHICLR N VEH
B od THIZ HIK9 @ X F Uk 7 & F VLA, 9
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PHBEEFOATHICE S L Twb 2 &2 5 512
o 72,

I¥T AT A v 7 AREOFERERE LT, I
o, BURIE, FREOLEME O R ENE L LN
Twhb. Issa JP &*i&, 19944, NItk ) KBk
JEIZHBITH LA ba Yz Y ZEAREEF O A F VLA
BIBCHRATL ORI A EHELTwD. T/, @K
iE & IS L, BRI RIZBW T ple™ o7
O — & — D X FALITTHEDFER B TR S
TWwa* L, BBICBWTEA N EAKATF
WAL AT 5 DH»*, F72, DNA X F VLD EH
HIEE DIFIHEAETF OANEIZ D B3 D27, 4
BOMHDBLETH 5.

HUE, SR At iR, bl s X O
B EI b Tnwa, B, ¥V AT1 97
AL b o TWAB I EDRWHS IR Y, i
AF AR A b AASHIHER] & G IR L X9
LI HRAN G ENS X H 1% - 72% Daskalakis M
B, EHEAMEER ST L, A FIULER T
% 5-Aza-2-deoxycytidine (decitaine) %5234 H
ThHoltbMHE LTS, T2, HIHICHL, A
MY BT 2 F VAL B A T & % suberoylanilide
hydroxamic acid (SAHA) Kk 4 7 3H) o R IG H
PITbhTwg, T¥I 274 v 7 REEITEET
BRRRPERR Y, WHETHY, HEICH O EE
EEREVWEZEZONS.

132 BlblZE¥TY A T4 v 7R

EEAL L2 BRI BWT, RIERISOIT, 18
P IAE, 57 AR D 250, IIEA R OB &2 kv,
KEBRBEE 2> T A, —IIEAA R OWIZETIEm
HZHEVWDNA DX F VLR H3 B LU HA DT £ F
WLV RUVODENDSE LD T ERMENTWAE® Z
MUTIE, B, By, A2 EOSMETEE &, DNA
OWALA P LA, MREROLR, SVEVBREE T
K= R, FAEMBOGLEE % EONRTEZER A
535 EE2Z5NTWEY MEIZE ) 5-AF 1Y
kY Y OGAHZEALL, DNA &ko 2 F v ALs D
T5—), —HOTHE—F —FHHTIE A F VAT
HET 5. TNEDEALITINE & FEHRD LA L b
95384 Casillas Jr MA 521, MEGIZEEWEMEL
L 7= Wi #HEE O #HEZF ML T, DNMT 7 7 3V — D
T DNMTI ® mRNA 2584 L, DNMT3 ® mRNA
BWEIMLTWAHZ & %E/;RL7. DNMT3 @ 38
i, B AFIUEEINR TV ARV T T T —F — o 2
F VAL~ L B 5% HDAC 121 NAD K £ M o
HDAC 6N TBY), ATIESIRTI-7 (sirtuin) @
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7TO07 7 I —=PFET S SIRTLIX, 7 A%
N OFGEHESFRBL OB BAR LS, sl tEv SIRT1
AL, eA N VEAEDOT T MEIZZELE S 72
5%, F 7z, SIRT2 AN OGRS O WA I
VoTWhHY X512, LA VEHED X F VLI
TIERIGZHB L TWE EINTWEY Zh b Dl
FRBPOENZEILEINESELFERO—2 LR D1
LEEZOLND.

133 REEBREIEY 22T v 7 R

BRI R R K4 v EEHTY, T Y FEEHT
Whbwa [+7 v Fifk] Y, FERIERACS
BRFED 1/4 D95 1/5 LB TE L7, 20
K, COMIBNCHR L7280 S A F iz T 2
DTG, LMEREB XA ¥R v 7R
AEFRIZHAEL TV DS, T AU SEIRIRAE 1S L
72 AL B O L ORHL TR B 5] &k
CTEHNERSEEZBND. Tobi EW 67132 h
5 OJERIT insulin like growth factor (INS-IGF2) ;i
EFDAFNMALZHE L TWE. ANELZBERTH S
B, COFEIIERFOREIRESLE Y 25T 4 v
7 BREALEIRIBICL 5L, THRAEELTWEZ E
ZRLTWA. H3K9 A F VILEESZ CTH 5 JThdm2a
AHBEREREBICEE 2 & 25D, JThdm2a
J w77 M=y AE G R IR I & 5] &k 2
%, F72, DNA ®XFVALIZIE, A%, Los—,
REOBHEL LIS ETNEAF A=, B, €
I VB6BIOBI2, TV ¥k EORERT AU
THDHY. TNOSOREIL, HREAHNCEES 5 7
OE— 5 —FHBOXAFIVLRFEEZT SR L, R
PEACHE 2L U2 R D 5. i~ AET IV
TIZNEHi AP T DNMT3 DI A TTHE L TE Y,
il &5 D DBIZTDIA F IMEDHELE ZIFTNWDE T LW
RBENTVWEY NS X WBREBHORZ SFHA
THEBREP I V22 T4 v 7 b2 b 725
L, Wi 2 7 R v ZEGEHOREKR L % 0142 L
Wahs.

134 FEBEIEY 22T 1497 R
FEEJCIAE, AU LR T 7 & OGBS ATE B
PR, & UCHARERKGE L, FEAPRER LB T 7
O—F 2T HERNERL G H 5% b kW
FEWXATTOR 1% ISHIEL, 2/, URA2EE2HFT
%, BRI RE T R IRAE & IR A RN - T
BRI Zhs 0B 20 ML )R E 2tk
SEELL T 5. HERIEDOTREARIE, —INPER
R THIS0% TH DD L, IR TH
15% LML, AHE O T CTIIFERIE WS [k
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AU 22 ¢ b FE AR FIE — IR AU VR TR 70% T
HHDIZH L, ZIMERAENRTH 20% TH 55
INLOHFELYBIEWERDORE W EHPI5 I
o TETWA,

WAL TN GABA (gamma-aminobutyric
acid) & W 2 & b 5 GADI1 (glutamic acid
decarboxylase 1) #HZ T OFBELTFAMSNTED,
Huang HS & Akbarian S &, JEHEMK O KN E T
GAD1 @ DNA A FMAEDSTCHE L Tz & iy L Tw
5. F7o, MEMEREETIEA PLARIBRT R b=
A5 45 E# 25N TW5D human  leukocyte
antigen complex group 9 (HCG9) EImZT DX F v
LD MEENTWD®. S 512, A FKTIE R BB
B e EORGMEE TIIMNO =2 —1 > TSAM O
BimE 22tk ) DNMT1 OB BEIn»mesns
Lo ITNo oW XD KR EIIEMAN
DIET AT A 7 REALDBEEG L Twa LIS
nrz:.

A RRERHETH D 7 0¥ ¥ VIZGADLI O T
O E— % — T H3K4me2 O¥M%E b 72537, F
72, TADPARBBMEREO KT ZE b N
V7alEr b A HDACHERTH Y e A b v
EHHEOT tF Vba e 2% Lo L, feRd
T 2IE T AT 4 v 7 RIGFIDHIIE S HITF
Mz X 7 = X 5 QR EHIROHAERQILE L H 2
bs.

135 HIEMEBEIE VAT 1 v 7 X

JIE (inflammation) &, ‘set a fire' % HKT 5
7 7 v ‘inflamacio” ICHRT A 2T AT 4 v
7 2, RKIEW®EH A M A 2 TH D TNF-o (tumor
necrosis factor-alpha), 4 ¥ ¥ — @ 4 F* ¥
(interleukin, IL), ¥=E T Ta % NF«B 7% &ED %5
Baearstu—nLTwbEEZILNTWAEY flx
T AL IL-2 BT 0 70— 7 — A 2 7
MEEhb 2 LT, IL2ZEET LY. X FIVLIE
#) T & % decitaine 1%, lipopolysaccharide #i] i 4,
TNF ® mRNA g8l 28 & € 2% 72, e A b~
EEEBAEIICE L, BYEREEHR T3 H3KI O 7
L FIALBIEE I N TV AEY X512, Wang LL 5%
&, PRI VR BIE O FS A RIEVEZAL G- L,
H3K9 B £ O"H3K17 &7 £ F Mk 4 U, Hik#HT
HBHIIHTA )BT F LR IIHI Lz s L
TW5.

INLOHE LY, EROPISIEREFED Y Y = 4
T4 I REAICEG L TwAZ EHLNELRD,
F7:, X DEMIYIC DNA O X F bR 2 b v HH
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PBEZ FIMS 5 2 L THER L) — AR R iGHE %
192 DTEBMRMENFAET 5.

2. BERBRHREBEIES 1 X719 X
—4FICZAMHIEICEAL T—

INHR LA B SRk T R B 9K
BO—2TH5H. HHEIIHETHRIVIBETY, RAIE
FIZED, AEETH Y, FEEWRIEOET Z25]
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Fig. 3 Pure tone audiogram in the case with
presbycusis
Pure tone audiogram in the case with
presbycusis is shown. It exhibits the
sensorineural hearing loss in bilateral high
tone area (arrow).
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&3 (Fig. 3). ADomE#EILIctEy, 2 A
BIEECL2a3a=r—Ya VBEOKERKNE
D, BAx Rt SWEEICZ > TETWAD. ZoHRIE
BERMEZOIINICEBERT, HREOME, 7Y —
FINNOME L EFEES N TV BT
WA BRI ST 53, MileszEm, A
THEFZEATHEFEMTHIB L TWEO05BET
Hb. BIEOETHRR7Z L) IR AERICET %
WgETi, IV DNA O 2 F bR A b V&
HEBMICEDPEL S EWMEEINTWE® LiL,
2015 EDHEFHTIE Y = AT 1 v 7 A L EANTEHETE
DOBEMEICHE T 2 MG IR SN Tn v,
bhvbhuIi~ 7 AET7TVx v, NWHIZBIT2
H3K9 D7t F VibB L 2 F Vb b % #l5E L
24 ZORE, HE B CIIAERTRBEICBY
TN TIER 2% 2L Cw/ (Fig. 4a). L
2L, e CHTMIRE X 05 & A MR,
FEIZ S iR THRATEE S S TH o 72 (Fig.
4b). F72, INVFHOEMN S LKNFKTERTH -
7o, BB, AEBOWA0LREEET S AN B
LI NF T T MBISR T 2 REEHEEZ 2D
7z, SHISK L, BT NS ORI i
BRD Mot —F, HETIESEAMREICS
WT A F LM S e 2o 72, INEEEE <l FERAT
WA F I EE B L7z (Table 1).
WEDANFHEEOZHERTH Y, OEAMREH
FERMBOPREANOEEREZIHS TV 5.
Schuknecht HF® 3 AEEEEOREL, 1) IV F
FOLIK MR BT 5 ZEi RO 5 5 &G
I, 2) SFAMREOHIIHE) Mz, 3) W

Fig. 4 Morphological changes of inner ear (HE staining)
(a) The organ of Corti in the basal turn of 4-week-age mice is shown. The structures of the inner and
outer hair cells were maintained (arrow).
(b) The organ of Corti in the basal turn of 40-week-age mice is shown. The structures of the inner and
outer hair cells were disappeared (arrow)
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Table 1. Changes of histone modification associated
with aging
young group aged group
Acetylated H3K9 negative positive
Methylated H3K9 positive negative

Immunological activity for acetylated H3K9 was
detected in the spiral ganglion cells and the organ of
Corti in the young group, but not in the aged group.
On the other hand, methylated H3K9 was not
observed in the young group of spiral ganglion cells,
and it was observed in the aged group.

HOT A NF—MHEIR L % 5 M55 S5 DZEMIC L A0
REBLIO4) NWHORERKEOEEOMKT LR L
Tw5b. Nelson EG B X OF Hinojosa R*&, AMIGHE
BEART O AMERE, NEB X OYEEMES X O
FIWEMZRDIEHRELT0D. Slwiz<w A
(C57/B6) (ZM#EsiztEvy, FORITELRE L2
EBHMOENTVEY, ZhoDZALIZABIZBIT 2%
AVEHERE L DL T 5. SO FERE R TH HE 3¢
TR S AMRET & IV F 20 BITEM % 72
B, TOFMIZe A N Y ERAEEHOELE RO 7.
IYT AT Ay 7 ATRREA B INEC D RIS
LCwa® HEEATLIRTF FiZarseA bz
TeFUALL, BEIZLT v FIALIRGEAT 2 5] Xk
CFY NYF UM UTIRIRT v F Ve R v
WCBRR L 72 BIE PRI OZ L 2RI, Shlobhb
NOWE» S, v A N &AEOEMOZAL2NHERNS
v, MH52r0BEFEBZ L LEEZLNR
7z.

3. ¥bUI

BAETRIEY 24274 v 7 A2H#HT 5L TH
WAMBETH> M REREDO T Y bu— P
decitanine % SAHA 2 W2 X W EEIRIGH S b 12
EoTwb, BAMEEICIOIE Y 2 AT 4 v 7 AN
M LTwseEZ25N05. 5% TEIVzAT4 v
7 BREACHBIZTF LNV TED X BT 5 h %
W4 52LT, PFIZIEEFNEICLL TR, LD
iR DNA @ X F bR A b v &V 5 2 i
TAHIEIZLY, B TARIRETDH - 728 AP
ZETEFHMIEOBRITHE D L X IV,
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