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Research Progress of DNA Methylation in Alzheimer’s Disease

Ji Huihui'®, Dai Dongjun'*, Zhou Xiaohui?, Chen Zhongming’, Li Ying*, Zhou Dongsheng’®, Zhuo Renjie',
Duan Shiwei'*, Wang Qinwen'*
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Abstract  Alzheimer’s disease (AD) is one of the most common types of neurodegenerative diseases in the
elderly. AD is characterized by progressive memory and cognitive dysfunction. The pathogenesis of AD is com-
plex and contributed by both genetic and environmental factors. AD is closely linked with epigenetic modifications
which comprise DNA methylation. Generally, gene expression will be down-regulated by promoter hypermethyla-
tion. Recent studies have found that multiple factors might exert their influences on the risk of AD by the changes
of DNA methylation, such as environment, age and AD related diseases. Recently, AD related DNA methylation
research has made great progress. Testing for aberrant DNA methylation in peripheral blood may be potentially ap-
plied for the prediction, diagnosis and treatment of AD. This review provides a systemic landscape of recent AD
related DNA methylation studies.

Key words  Alzheimer’s disease; epigenetics; DNA methylation
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BT 7R % V65 R 9% (Alzheimer's disease, AD)& — Fli
PUIEAT M\ R ARG A2 21400 5 A R AR 4 &
GrBATHEZRY . ADZ I BRI T2 I, Im IR
WCAE IiE AL, WIS HA W, a2
ZitEFH MR, ADMA N FKEE KAt R0 H
a R IR AR B, BT AD IR AR R
AR FE M, T 22 W8 A% 27 1E A2 2 e 2 B 95
5T 2 18] 1) B LA 200, DNA HF 28402 —Fh B BT
KB, 5ADM K &R VI,
KK R G IR ADAH K [ DN A FF AL I 78 30 2

1 FRRERREERE

Bi] 7R % 1t BR BT (AD) & — F il 48 3 SRR AT Mk
I, FEIR IR b BLIEIRR 1127 T e B A B % 46 &
BURME, [FIIS RE Bl A 2 4205 e ) A0 B Il A5 e
PIBEAT HEIROR &Pl 28 G AR IR AT i 55 3R
Y, ADR 3 B4 0 BE AR AE A AR AR i
AMBFEUE R B (B amyloid, AR)UTARFTIE B IH & F 5E
(senile plaque, SP)I 2 S 2 Jitd A ) 4 8 e 41 4 2 &5
(neurofibrillary tangles, NFT). ADTE Jji # & 48
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Fhar 8, I AE A BE AT 43 N UK B AD(sporadic AD,
SAD)FIZ I AD(familial AD, FAD), 41 LASAD/JE
% WRIREER M2, ADA] 43 A F &% B AD(early-on-
set AD, EOAD)F1H#f & %4 AD(late-onset AD, LOAD),
HA PILOADE £,
1.1 ADHEIEMHASHEE+7 IR
ADRIFAF RS HETE6S5 % LA b, K73 2 Bl A% 14 1
(ENA), i kADE#H ANEULT s EFH(EB),
15 [ 7Rk G — AL AD B 2, BB P 3 A A
UR5.9%, ™ H B 2 A N A RS T Ak A
H 2 2R iEds, ME AR R 22 B — 2 N
Jill, AD & NEUAF (B 1C), 1E20504E AR K45 1/85
(N 32 BIADRI B . ADZS 4 28 5% s SR I B 1
0, BRI RAE A 22 AL N EEFE6 0401255 7T, 15
At F % B [ AR PR A R 1.0% M 7R ], PR
DT TR B A R AR B BRI S, A7
R B KRE K, SR, FRE N O 450 2 ik
#E, 6048 LLE N AT & L (B 1D), AD R

~
oe}
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A: ADRIFR AL ER R PR IGE; B: A B AD B # T AR 00, C: #E & Z I S EAD B & 53, D: P E60% DL A AT &5 L il .
A: the incidence of AD showed a fast increasing trend in the elderly; B: AD patients increased dramatically recent years in China; C: the number of AD
patients will increase with aging society; D: the proportion of over 60-age in China increased.

Ell ADRITHFHEXBIRERERKES
Fig.1 Epidemiological data and trends of AD
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FAEAWrEI vy 5 |
1.2 HERERIHRRITER

R SCHR E 0T AD A9 AL 1 18 4T B 3, SR
ADRR Y KA TR 2, HARRHLHE IR & AW .
H AT 2 A B AD AR B A IR AR Ui S TEkr &
F T B S O A o B B U A o IER PR R A
N, ADJE B T2 R 55 N BB BE A 22 70 3 2,
SE 2B Ed (acetyl choline, ACH) & AR /L,
BET 51 LACAZ AR5 T D Re R Rsast, 2KiE
oy BRI N, JEA BE 4 8 B 3 (K] (amyloid
precursor protein, APP). - % & % [K] 1(presenilin 1,
PSI). V&K FE A A 8 EBAL 5 22 A B 1(B-site APP-
cleaving enzyme 1, BACE1)%5 Jt [K] ] 5% 45 5 3(AB 4
WA, AEAR ML AN T ISP, 6o Ja [ 1 5 b M 22
Jer AR MEAE L, BIOR RAR, 51 RS2 40 MR AE
B AR O 2 B BB A A, TaukE B 53 1 WERR AL 1T
REE, IR 5HE EALS a6, SEREIE
BRI N B, R ERVEDOR 3 Boeh 2 o am i

Cancer
SBINI, CLU, CD33,
EPHAI, NTF-3, SIRTI,
CDHI. SORBS3

Abnormal

NFT(neurofibrillary tangles) )% %, MINFT5 % & F2
JEAHIRMY, FiAh, RAEM L DhRe S H . B B AR
AR S U, 5 FAH SO AR e 1O 4
PR RN, B BUACH Y 2 B R e
SEHRNT AD I8 BRI R 2 AR — 0 B (12) .

2 ADHEXEFEDNAREIHFRHAR
AL B FUAE B AL R 7 9 A R A B
ARG, B2 2 T e R A R B R, 32
4 DNA H 316 (DNA methylation). 2H 4 [ 3415 1
(histone covalent modification)®”, ¥k Jii & % (chro-
matin remodeling)®'!. RNAZs % (RNA editing)?45,
DNA 2k 4K 2 45 /EDNA F 2L %% % i (DNA methyl-
transferases, DNMTs){# 1t T, #4S-Jif F FF i & 1L
(%) R 35 e DO S P R A % 301 e g 1) SR S b T 1S~
FH 2L A e (5-mC)% . DNAH AL e A Bh T [
WENG . RIFAEAE = 2 MK R, ADIERN—
Tl A2 5% (PRSP, A B0 SR FH s A% R 22 3L A4 FH Y

Diabetes
PPARG. SORCSI,
IDE

Cholesterol

secretion of Ab Tau protein taboli
h hosphorvlati metabolism
APP, PSI, BACEI, YPETPROSPROVIAUONN R4, ABCAT
A2M. BACE2
; Microtubule stability ‘ \
! APP _y Abnormal ) / \
/ mutation  secretion of—¥ Amyloid \/ \
AB plaque
ot
Dyslipidemia \ O Nervous system
APOE, LRPI, \/ P CNP, PYSL2,
FAAH, SORLI /\ SNAP25, NRG3
!
\ .
. O ;
\ !
' !
i Memory and
High a ry
= ACH* —» recognition

homocysteine
MTHFR

Cell cycle control
SMARCAS5. HTERT,
S10042

Oxidative stress

dysfunction GSTMI. GSTOI

Immune
and inflammation
IL-1. IL-6. NLRP3.
CRI, CD2AP, PICALM.,
MS4A44. Ms4AGE.
HSPAS. HSPA9

El2 ADL LI REXER
Fig.2 Pathogenesis and related genes to AD
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gE R, 1 EEEF X 2 AN I R T DNA 3 AL A2 1 1 i

ADE R WA F R EH. KEMFTIEH,
DNA BB 1 5 ADAH K, 4x 5L K ZHDNA 5
53 BT I, LOAD & FLIE H AP 42 [a] (1 °F- 3
R Ak B2 FE AN ), ik DR 5 158 2K 11 59(transmembrane
protein 59, TMEMS59){E &3 R & Bz J= o I 7.3%
FIA H A B R0, fE 48 0 LAY 2 i I 2 4 K
AT IE 85 2 55 R BRI Bl A B, R R fx &
L1504 5 [R] (1) Fak g A ), X e R R S P K
RN BB HBRACUR s DY AN T I,
B WL AAAS 5 1 2 1R AT VE 45 40 1 R 0, AT AT
At T FADM & AP ABPT. APP. T K E H
tau(microtubule-associated protein tau, MAPT)?* 45
Z b A R B L 5 e 6 DR 4H R A ) g
£ ADJ N R 0 45 (] AR50 e A ok 3T R AL
¥R IR A T LR, AR SR E
MET—FUF FEP AR Z 8 L # R B, DNA R IR HL
il % ADFR RS PR J K R # B e, 2 A AEFR
BE AR R S R 9T F(13). TEADEE 1)
PR TUA AR R T o 44 PR A /)N Jie o 4 A R A7 AE
5 W IDNA W B AL A2 1 L RO FLE19904F, Bl
A ADAH % 2 A FIDNA F B AL WF TE 4R EPY, 324

7T, BLHE 7 5 B A 58 32 /KL 1 Al (sortilin-related
receptor L1, SORLI®? . JUERAE B A7 X2 [F] U5 2
9 13L F (sirtuin 1, SIRTIPY, CHIF4A K FE B (c-type
natriuretic peptide, CNP)P4, & W ig g2 3 [K] (dihy-
dropyrimidinase-like 2, DPYSL2)P*, APP®), SWI/
SNFAHS, JE 5 < IBe, ALz 8 A Mg (o i R4 5 7,
W 5K JRa, ¥ 1 5(SWI/SNF related, matrix associated,
actin dependent regulator of chromatin, subfamily a,
member 5, SMARCAS)®¥, N\ i #i il 10 %% 3% fifg 3%
(human telomerase reverse transcriptase, HTERT)*!
B5%h 55 115 [K] (cadherin 1, CDHI)P, #K 78 & 8
FE [l (heat shock protein 8, HSPAS)FIHAK v £ F195%
[Al(heat shock protein 9, HSPA9)R®), A 5% & 1 5
(synaptosomal-associated protein, SNAP25), %
A 2 i o R 3% J 0 Ak i PRI P14
21 EEE

AW TN, TS5 ADRI R I AL I 2 DI H 9%
K BRI U R 68 5 i 1E R )RR 1B 1
T, NI EBREAR. MK EIRSE., e
FUAh S 2% 0 R R AR, E e T DAHE I, PRISAR P e
FEAD R [ — A il 2 R 25 o i il K B (neprilysin,

ENV: 3355; ARD: ADAI I -
ENV: environment; ARD: AD-related diseases.

E3 ADERHEIEXH S E RIS IREE
Fig.3 Aberrantly methylated genes in the AD pathogenesis
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NEP) 5 #I 2 o R 5%, T2 B0 Af T MBS SUIR A
N T 5 Gy T BE AR BEIK X 3. NEP4y WA 7]
5N ABKFAH IR, ZMFUKF T B Refg 51
APZKFHY T s ARSESR M T IAD R, REfg il
Ik 38 0 4H B FTH3K9me2 ) M HY 2 A A B R sk 2D 20
HHEH3K LA 2, AT N HNEP/K-F#, 5L
By R R G nAPPR)FRILH 2 FADRE, £ KR
WE 5 2 ff R (PC12) 40 i v, Y 2 BR W] 5 B4 PPAE A
JA B AR F AL, JF 5 B R K ZHDNA H 2R 4L
KNI, EDNMTTRE R FRIA 7Kt B 30 10 1
MRS, Fiah, A IARIERR, B 7 # HAPPS
B XA A B R AR, AT B R 122 R i 3R
i, 4 A ABTTIE B RN, I INIRDNA AL
PR EER . Ak, s JAH 5G R BRI AD R T L]t F
[, KZHMADEH#)E TLOAD, HE
B AR PRI 3R 08 = A T80k R AR = A F 9 ™
EOAD & # X 80/, o DR 32 22 2 B R R AR, 7
ADEE G BB (5% 2 4. stk m] WL,
FLDNA F HEAL A AD SO I8 55 R 5 b 1 4 F AL i+
IS
22 FREAR

WY — EL WA N R ADE BB KR R &,
DNA AL B U MY 5 2 i A 550, T H 5
ADR A SR, DNAF LB R T 5
Wk &4, MR LI 1T 45, Jk I Z4ADNA F 24k
AR RE P A AN 7 5 A2 AR A, FE DK B A THE R 40 A If
AN b EAT T DNA T EAL 5 4 8 R BRBIT 7, 7211
TN 29% VK 5 N R 7R H R T 10% 1 F SR AL AR 2
A, X R WIDNA FIEA R 2 7E N AR N 2 ) 42 4L
[, FEXT 317 311104 % 191254 FE A3 TDNA
H AL RO B 70 AN, ADRR R0 B2 2 RE A Hh
LS 25 & B 1 A2(S100 calcium binding protein A2,
S100A2)E PR A% FF B AL A 1 LA B 1L BB ASH3 45
F4J 4865 7 5 1 3(sorbin and SH3 domain containing 3,
SORBS3)H [K] 1) 15 H AL BB R P, fEAD & &
R Bz ot H AR KA 2R 52 A4 (somatostatin, SST)ZE K 3%
15 R 2 kDB, I HLSSTH A0 A5 FE B 5 4 W8 1 K
S ETHEBCT . AL, FEPI S R G, RAEAH
KA F F 41 B 4 2% -6(interleukin-6, IL-6)3 K {3k X
KAF HERBAH RS, EH BRI, AT B
3(neuregulin 3, NRG3)E:[H [1ISNPs {7 £ FHIAD & 5
TEIA KB, DL AE JE IRERABIE & W BACE23: A

2 A PEAADRIRE I (8] 47 5% A5, DNAFE H AL 12
il i DNAFE L EETET (ten eleven translocation) s [
52 5DNAZ: AL FE0, HANJE PR R I8 7K 7
1) A P, IR AESR, DNAE H b Z A A
5 ADIP R R ML A R, /N SEIR R B, 5-5
L g 1 g (5-hydroxymethylcytosine, 5-hmC)f) &
FEFE B A AR08 1 3G K T 3G e, B4R, AR T DA
VR AD A It A% A i B XU R 25, i I DNA
FEAAB 7K ST (0 5 52 1 5 1) R AR T R e
2.3 ADHEXER

AT FL R I, ADS 22 R i < 8] 4772 AH [F] Y
i e FE RIS o DR B SRR BT AR AT M P A i 2
B N S22 B BE JR 9 (type 2 diabetes mellitus, T2D)
HSADIIRAEA —E MR AR PR CLKI, T2D
i N 5 K AD, T2DJp N\ JBADR f& [ 7 2 4 T2D
N BI2ME0, FE R BT RS RIS AL TH
% BRI R N B AR AR ORISR WA E AR BRI
TR M tauss B R AL H0 A B % B R, Ak, o
A AN T 3 5 DX 135 Ak 52 A y(peroxisome proliferator-
activated receptor gamma, PPARy)3E [R ik &) 2% B4 iR
fif(insulin-degrading enzyme, IDE)%E K Xf ADFIT2D
()R A 351 S st o o B PR /) BRBE B ) A 9T R
R, PPARy%: A ()31 2 # DNA FF B AL B4 2, i
IDESE R\ N R T2DAAD . [ [ 2 42 1%, nf
VRN RIS Y6 97 3K P M RV ZE 8 R I PR AT ST 3R
HH, ADAI IfiL % %% 93 (cerebrovascular disease, CVD)
AR H PR 5 AR PR 5 2 TR O, 4%
fig % F E(apolipoprotein E, APOE)JE [F 4 JIH [&] B% 1€
AL ) H g I RIS [R] Bk 2 5 G R T R A
2 SR AT AN, 1% B R IR DNA 2 A i 1
FEEER I B2 A2 RIS, fEidfZ ThRefwmg A
FE i, & KRS R0 AD I CVD 8 35 52 i) B
Ol RN AD AL S S RAEH K, Hdh
P2 K S FE K TollF: 32 489 (Toll-like receptor 9, TLR9)F:
DRIAIC F B A B M2 51 A I N AOE, EE & AR R s &=
Ve WEFCR I, = B R MUE 2 T BUA R T)
ReREnG, 2 KR NADR KRS, T R I 5
Ht [H(methylene tetrahydrofolate reductase, MTHFR)
() S 5 2 IA 0 52 M) [F) B~ I 2 R K -, AT 19
LOAD) A, 478 7t K B, MTHFRAEAD & 4 K ik
ZH 2 FR Al K S B SR G T e [ I O
5 ADAR G, T 3B- i 2 H [ B5- A 2418 5 g Bk K] (24-
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dehydrocholesterol reductase, DHCR24)5 fiH [#] fi# &
JRAR R, AT FE R W, DHCR243 I TEAD 5 K
o v 2 BN R, TR R S B 7S 1 ZDNA F
SEACI AU, 5 b 208 AU B 7S Ok B et R
LR T AR BTABREETY . £R b, P EAD K
FLAH SIS 1) 28 WL 18 4% 27 ok e Je R 0 A = S, A
BT FRATT 5 L i B A AD ) TR AL

3 SMNEMHDNAREALIE B AN A
EH T i 20 ZA7E B 22 78 5 I8 R B TR 3 AN 5
A5, M AD R A I AH S AEIbRC R 2Rk
OO RS BUR SR e M LR AE ) S bR e )
P EZRTIRCY . BRI A AR I B BE FH T VP Al
AD 8 WAL ) 15 PR 2 55 D8 3 ELAE A A 3L 1]
BOH . BT AR £ R S RE W R e A ] I A bk 2
UM PRI RS CER MR, #)
A0 J I AR R DR ) 238 KT 5 i 2 23 R R SR A
BAATHES, B AT AT TR, Rz
X L AERRAE M £ (receiver operating characteristic,
ROC)TEADH2 3 ML I% rh A 55 K] 1 1 (bridging
integrator 1, BINT)Z PRl #5026 14 AR 55 1 20 ) 2 73%
HI75%, M 9T &5 B WY AT LA A af 3% o R BIN T
NADZWIIAE VAR W7, BL4h, SORLIW TS
H5ADR RImALE, 7R, ZEEE BT a1
FEACAB MR 7K ST (1) 22 S A 45 FE AD S8 38 1 [R] 8 i e 2
NI S K i rh ik B AN [R], 3 A ORI, W]
DAAE A ML AD2 W I A AR S0 382 A0 G
FE R HTERT W A3 5 AL AD i 3 41 J) I v F A 53
R E T IR Z A M, %5 A ] DR N2
ADIIFREDN . 4, S E L 2R B 2 LA B
(histone deacetylase, HDAC)!", il B ¥ 7K P4, [k
[} 7K fi# i (amidohydrolase) "™ AH 5 3 PR f) e i HH 240
&1 n] Be 3 EADM KB, VFREREAE A2 AD
() MR AR S s FE R . b4, TL-8FE R fEADAS
[F 3 F2 R AL KA — B, b w] R A I AD Y
RARZS A bR £

4 FHiES5RE

ADR — Rl IR AT PE W, £ kK T65% DL L
22 N, B R IG KR 2 28 BT, R E A
SRR KT 5N, ADIZ WG IT 5t A
AR AR i R 1) B SORIAE R i) . AD AR AL B 2%, T

PR 4> B, DNA FBEAL 2 R LI A% 27 (1 L E A 28,
H EHIE X ADI R AR UK g e 35 B RPEH, 3841
S50 % — HEU T FUDNA F EE A A 4 75 % Fh =
o3t AR T B . T2D)
AU ZOECh I AEAE T, JF ORI 2 AN
JA B 1 DX 3R A A A R L AT DA O A
SCHEEMNIREE. AR FIADAE SC B = 7 1R A
DNA F AL B H 0T AD AR L K2R, JF RN 41
T ADMIREE D AL I Fe it fig o AR, ORI
DNA AL AZ 1 AT LA 3 25028 25 R R 38 KT X AD
P B EA) B S . ADAE Dy — M R AR 4 AR
ek, A LNISRIOT % — B ADW S H

I 53k B R 12 W AD ) 5 R B B st A5
NE L, E I ADAH S I RIDNA F IS 40 2 B A A6
i B PG 2 W, I HA @R B 3 R R A G
T R IERZADRFEH ZIA G TT H 1, ¥ NADWF 7T
VAN i) R

UbAh, BRDNA R FEALAB M A1, W8t AL 2 2
B AEAE A AR 4R IS RNATE AD R & BL | A B A7 7
—EMH . HHFREN, 4EA B EEADE
R A e rp B AR T AR LA 0 1 IR N I
N B T REFIADAI . (HA IR,
FEW FLBh Y £k BIDNA¥E H B4 1816, TTDNARE
FH LA AR nT e 2 3N Bk 32 5 BIDNA 2 F AL
[ FEh, {H H ATDNASR B JE Ak 1T 78 AR I 7 v
WA TEE, i Bk AL . 4% b TR, DNAF AL
EMREAD AR AL - ARG A n] ZALER, (B H
R AH S SR AR SRAFAEAR R I3 T 25 [
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