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Abstract

BACKGROUND: The dynamic balance between bone formation mediated by osteoblasts and bone resorption mediated by osteoclasts is the basis for
maintaining the stability of the body’s bone tissue. The metabolic imbalance between them can cause bone loss and fine structure degeneration of the bone
cells, leading to osteoporosis.

OBIJECTIVE: To review the role of DNA methylation in osteoporosis and to explore the mechanism of exercise affecting DNA methylation and DNA methylation
regulating bone metabolism.
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Review

METHODS: A computer-based search of PubMed and CNKI databases was performed for relevant articles published from January 2002 to April 2020 with “DNA
methylation; Osteoporosis; Exercise intervention; Mechanical stress; Osteogenic differentiation” as key words in English and Chinese, respectively. Initially,

finally 52 eligible articles were included for result analysis.

RESULTS AND CONCLUSION: DNA methylation is a relatively conservative and stable apparent modification, which regulates gene expression, silencing and
disease occurrence. Studies have shown that reduced methylation levels of genes such as B-catenin, Runx2, osteopontin (OPG) can promote their expression
and activate Wnt Pathway, whereas the reduction of methylation level of Sclerosin, receptor activator of nuclear factor kappa B ligand (RANKL) and other genes
can promote their expression, and inhibit Wnt pathway and reduce the ratio of OPG/RANKL, thereby affecting the proliferation, differentiation and function

of osteoblasts and osteoclasts, and accordingly regulating dynamic equilibrium between bone formation and bone resorption. Osteoblasts and osteoclasts

act as sensitive cells for mechanical stimulation. Bone can transform the mechanical load generated by exercise into biological stimulation that acts on the
differentiation and function of related bone cells, thereby regulating bone metabolism. In vitro experiments have indicated that different forms of mechanical
stress stimulations can change the methylation level of genes such as OPN and GNAS1 to regulate their expression, which has a positive effect on bone
formation. Bone tissue is a mechanically sensitive tissue, and DNA methylation can regulate bone metabolism by regulating a variety of factors.

Key words: exercise; DNA; methylation; osteoporosis; mechanical stress; osteogenic differentiation; protein; factor; pathway
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0 5|= Introduction

BRGRANERARAEE R, Lo TRENH T —HR
A B FARA AR E N, R A6 B R AR
FEAF 69 B B8] 09 3 & T B AR AR RtA2 2 69 &
B, FEHEAARE IS AN, KA P ARATAL, B
Wik E X TEHARN, SERTRAL. BEETH. B
SR BRI TSRO NI e, AT A RSN DL B
JRGANER F AR S R E G A, FERENRZARLK S 69—
A, B GRIER, AE—FF AR RO EEIH—FAN
BAERL T B ARBEGIA T A2, AR R 48 E K DNA
FFRIATRT, AR RART KA BT, FrFHEE
ot A AL G 7.

DNA ¥ 3 AR AR A % 69 —FF AR AEAEAH AU,
EAEGL. ARRKEARX FERRESF T RATEER,
AFRAESE, B-catenin. Frizzled & A F ¥ A ALK H & 2374
H AR, v dl Wnt 12 T8 IME FF R T KR, WiE
1t B F kB AR 7E LB FBLK (receptor activator of nuclear
factor kappa B ligand, RANKL), Notchl. &f{t& & (sclerostin,
SOST) 4 F B F A AU K- R AT at R, 40 %) B 7 &,
#) F) BT AR AE 9538 o BBl S FEUR R EOAF FERE R
g A UL RN R R, A1 AR T iR b
S, B EIR SR B EA M ) AR A KB F (runt
related transcription factor2, Runx2) ¥ 142 Z &K T 50% vA
Lk, F Runx2 mRNA #ix 2% F4 Y, sbsbifdode s M4t
F B F (osterix, Osx). F45%. BMHERE. THEEOFS
FRMAFEWAEKXGAR, LBHTFRRFAALELREAT
ARk, HmohRE @b, T mREEfRS g, 5F
TR AN E F AR K

TR R Z T AR HRFRAKMHETE, TR
AN E & FUMe3g A ¥, X — & R sk 2B Fh ey FAF
BAFI., BHRAEE, B35 A MK AT R aeAE R TR
AR, TiRARALE G A E & A AL B-catenin & & R &,
BE 22 3L 84 Wnt/B-catenin 13 5 i@ 34, [) B L 98 Jaggedl.
Notchl % iA & #7E Notch 12 5@ 3%, et FH mx; IMXLde
Jb, iE L 4L T 8 RANKL & A, 1£75 &4 % (osteoprotegerin,
OPG)/RANKL £, #74#| B H A id42, ), Runx2. FH%E

792 | PEHERKTIZAR | 5525% | 858 | 2021528

b. B45E. BB B, Osx 7 W sA:E L E mRNA £
BTG REY B, —EAFR A, RSN E R
Tt Je e A IR F) R G, FHE A . GNASL & A &
FHF FEAKP AR E A EA, AR T 18 R T 008 5%
B 44, B BTiE 3038 it DNA F AL %R F & B4 & 69 AL
TR, LAANEFFR, 1B 3T 4828 i K Notchl,
B-catenin. Runx2. F#& & 4 3K B F HACKP AT LKL,
%% Wnt. Notch 13 5 i@ 3%t W38 B iy, 3 wrd b8 .
RANKL 45 B W A0 K-k ) Rk, 8t m il 35 B BOIC,
RAARB| B EF R GANE VR . XL F 44 DNA F b8
JRGAN T 694E R, 4R ITE 3% DNA F 24k 69 L) & DNA
H AR I B RS ALE], CAHA A IE BB S B R A SR AR A
ik,

1 &RFA5E  Data and methods
11 BRSR W% —1EH4k 2002 F 1 A £ 2020 4 4 A
CNKI #= PubMed 55 XL AME S . A, KEFHF A%
ABE K, F LKA DNA FAAL; FRHGA, EHTFH
MM ;. mE a-Ak; 3L %433 : DNA methylation; Oste-
oporosis; Exercise intervention; Mechanical stress; Osteogenic
differentiation.
1.2 MAFOHEERITS

PANFRAE: OFF RN AT L DNA F AL, B RSN,
E3h, BFRMFFTBEWAX; QF —AUIRLAFL L RAA
B E LR R IFE,

HibpiE: OELMAR, QL LEFAERLXGHR.

2t LKA BEA R, HR TS ANITE
B Sk, AN 52 F X KT RE, Lk R AP
1.

2 458 Results

2.1 DNABBEML DNA ¥ HEAv 2 RV AE F AR b, o
AR T EACA K T AL, EIT A AR T 19 69 SRR
Bt — B AR AR . S— AR FALRBAE b DNA WA 46 7455
(DNA methyltransferase, DNMTs) 4B AV, &4 B o 5 2 9 K 3K ) 43k

R, AL EAL T CpG B = F B E 6 5 5T R T



Ko 2B e < SOk
CNKI il PubMed < DNA F AL
1] BT 5
iZZ s
G S AASA
¥ DNA methylation;
Osteoporosis;
He bk 3 S MW T S S WA H AN DT SR Exercise intervention;
+ Mechanical stress;

Osteogenic differentiation

AN 52 55Tk

1 | xRz
(C5)°. CpG &R AE P HE (C) Fo &y Bob (G) RE A=
VBB ELAFS), CAwGiBilAIR — s (p) 4%, CpG K54
BesTehtedptak. MRIEE, AR BT CpG &
HEALE, DNA FAuA2 Bxt 4 FoK-F 69 %) 29 s ALd%
DNA HEWAUBE ZMARNBEERERIE: OX4
FHALE) DNA 53R R T4 6K A B, & T /£ DNA R
HeLEMG KA NG EAH CpG Iz bty BT A5, B2
5K ETEHDNA LSS E, HAKAETHERMLE,
— sk at F AR AR A T XR T, #XBF2 5
SR AL R A AR AT, XaHliEREAE, THRAR
ik, @QFK CpG £4& G AR L LI HI LK, Fh
CpG & 6% G A4 WA R4, FAZE LR X
KBEAER, GiFEFHACGLEEEE 1 TFHECpGLEH-EA 2
AT F A CpG 46%& @ A4k, mEHxtE—u)F A CpG
Aok G B F A, LKA T8 B3 TRA 57 F 69 CpG 1L,%
KA TR, HA5HKRTESTRMLESEE, AR
SHAR KX L@, @ DNA F AT AL EREMKE,
PR R ERIA, K4 DNA ARG, &G H3, HE B A%
R AL Ik OB, HMREMZ B Hn, FEka
O HL Y& EMRAT AR EMH., %4, DNA FiRML
MiE#RRFHEARBFLEREE, HLEEERER.
—fiN A, & T HALE DNA 5| Rk RPAK, RZ, Rik
KFF. DNA FAEALKF £ F Aok F A L FIAE A T
RS SFH, mEE. KRR EF. Ao TS, @8
RPEFSPRIFEE K LT A4 DNA FREILL A Tk, A7
ALEFT IR IR KA
2.2 DNA BBE{L 5SS RIFINE
221 #BHEFAKF P DNA TR ARE @R TR AR
Fimpp ik, AR R T @R E i A AR A X
A 49 DNA ¥ LT 10, B AR S 49 €45 Runx2.,
Osx. M., THALAEEG 25, Runx2 £8) LETF
0RO P A AN T SRR, M8 AE Osx A,
BB S B4 E 5 A REAT RS AT AR ES. XU
5 Bt B AU B R R 69 18] T 4w A G 40 4R R R 49
B 7T m e iA - L@ R S, 4 REAM B R LR A
JiFémp s Runx2 &3A -, H Runx2 % A & 3hF CPG {3 5
FHACKF AR, xR A8 X A F PPARY R A MK, I
BF A, T)F TR RE b A R RBRANE K
B, RILEFE b 7 ebAH SR F 442 Runx2. Osx &3

T HACKF, A3 g K, 425 B % E. WAKITANI 5 10
sty BRI AR T fm e 3 e idAz F, WLERE| Runx2 &2 5
AR EMEZ MK, % FEMRERET Runx2 B3 F -2.7
£ -22kb, RIAIMEFTFEMRIK, AiF-FEALRT @
Jo8) BB LB, Runx2 #b IR 3R T AL A A2 B A% B & ik
A, &G et ARm Y, 327 Runx2 AL I AR AR
SACH FEAEA . 12 HAGH 5 "2 2 A8 8519) 75 T fm e A%,
B E R LI Runx2 BT B LT 34k, RALEL T ide
B Osx BH T A ST RMTA, X5 FRMATATE,
123X & % 38 Osx &9 DNA F A4 /£ 18] AR T 40 B i
AP A B ADAAERR, ERERRETHRE £
% REFR L.

seoh, BREK ARG 2/EAXETHRE T, fRAEK
IRV 4m JEL oA T PR 45 T T AR, VA BEAR R DEORE .
RREY, B AL AEG 245 DNA F L85, RAJESF ™
RI, HUEBRABAL, BRAMEELFTHELALEZS 2
BT RF ARG, LS REREIK, FIREIKT
B AT S Ak, 1% DNA F R bdr 4| Fl 42> 55
HALAES 2 KX iR M, B9, —s et B R K
HE i s bh k Bl R ERE 5. FA5EF AN RMET @i
REMMEF, BB FREL LT RAMHFEAELR KL L
i, fEskitfe PR RR A A K A2 DNA 555 & 9 4
R AN, EEIKDNARGHFEORLE, REFF®
AR BT FRMKTA G, FEEEFKEEEAIT0H T A5
B Bk T tm it @) s B -4k, X HLBA DNA Hifhis 5% a 2 L
7 DNA ¥ kst 2 R kA 0y A4z a2 9,

BRAGE G RABAE G AR G o F 4 A8 1T o b4k
ATREmieehiexa, SRR GERFR, TR
PR R R . AL G A B 4% DNA F s,
3 A -581-+30 X Z 4 CPGs, AR T @it ZRBRENG T
Ak, mA ) F it R LT AR KR R A K, Bk
F 5- R ( TS BEr 6 ) ) XS E G LR &R
¥ e AT AR e B et R Y. AR R, “REE
JRFANEH e R AR E G F AR R R KT AT R A
%, BaTHAEa mRNAAIRT R A TR & T4 ™,
RABALE @R R TR ® 58T RAANE” £, sbsh,
Osx ¥ FHERFTHRLIHMILEE T CCgEELLR
A G, AT EEATE G A R en B Rt A Y,
7 DNA ¥ (AL X Esbid e v X B EEHA, FHEAT
F 8 BAIEBE M8y KA RUME T B F, DNMT3a #
B3 AT E AP B F 8 A T A P At 3 )
FHRERETEF 8, BB S BHERABIREIE b Lt L F
FAL PO R T g ST ) BRI L BE M, R
BRI P, T @ B RHMHMR B T Foxp3 AL E 49
WAL, W Foxp3 ARRTIERDFF] 2 % FAMA T L
R AR, BHRAN, BRAMESFETET @ P
Foxp3 15 dE %A 1] 2 & 7 ALK P iz ik F 3L aken P,
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ESEAFR R, DNA T AL 7] R T B R B oA h B,
B, BRI AT ZAER .
2.2.2 Wnt/B-catenin. Notch 1z 5 #3415 DNA F k1t Wnt 13
B AT R LA B T R R R AR E 2R
JE 4 3 Wnt/B-catenin i3 ¥, Wnt Z @ 5B AR A MBS
(Frizzled, Fz) 44, 23— A5 & A W4 EAEA, 1£ B-catenin
HBEIRE, FEMBAZAN T @it A FrheigiiE-T
RAVER, @it B 3h Runx2 & T # 2 F Osx. L4k % R R
S B 5 F 6 Rk R RE i, R P R R,
Wnt 15 538 3540 X K B % 2] DNA F LRz, 38 R s
WA EFE BT XD EEH Wnt X AR RAR LT
FAK P BEATA M BT, K HLE AT E & Wnt i@5% F 49 FZD10.
TBL1X. CSNK1E. WNT8a. CSNK1A1lL. SFRP4 # B ¥ # {1k 7K
T35 T, S Wnt il &5E M K74 T AR F @ik
At P, B-catenin 2 Wnt 12 5@ sk ¥e L B, @it 5 B AL
FIRTF mI G s SR &, K INEREHF 3d 5 B-catenin
AEAREAE EE, 25 RS FM PCR FAM A I B-catenin
FBE F ALK B R T, f B-catenin Fh B & k3 hnfR it T
BRI T mpee) s Pl WU F P B AL, R
k3RS0 B G 1] R T m i F Wt 24K Frizzled1 AL B 4% K
FEAK, B AAA Frizzledl KR B3 F 77 & F AL, X4k
15 Wnt/B-catenin i 345 S8 AR A7 5] 5T H 3550 18] 707 T 8 e,
BB AR . H I, EiZEARF Wnt 435 8 343k % AREL
REOY AR IAZ AR 2 T8 55 R E 4 B F Osx B EF
AL ER, Tt G R IAIE Ao FAERE DNA F ALK P
1. 42 EPrE, Wnt/B-catenin 155 i@ 5448 % 69 A B F A4
KFBEE, 2#rmi kAt mat B R A,

Notch 15 5@ 3% ) iZ A & Tri fLzhdh mie M, o 5AF 8
4K (Delta-like-1, Delta-like-3, Delta-like-4, Jagged-1 #= Jagged-2). 4
AFZ Ak (Notchl-4), Tt FRARFET 9 THAR, L3t
LG Bk S5 , Notch ZARBEZIR ISt | ¥, I 364
2% y— 185wk (y-secretase) Ba ) = B3 7T %M 69 Notch &L A
¥ (Intracellular domain of Notch, NICD), NICD %4 % 4m it 4%
N, SHFZWHRATFLEEEHRAHFTELR T, REF ™
mpp A, A B T P, PR &, Notch 13 5 il #& st
P AL 4| Fo st g S EAE ), E Notchl. Notch4.
Delta-like-1 4 % 4k X, B4k % DNA ¥ 1k 3A4%. Notchl T 37
&) 18 75 T o B -4k, ZHOU % ®) fafse v £ I, #%
RAE S 14d G, A5 E 3 BRI R 6 An A S WK R R 4
f P Notchl B3 F F AMKFREHE, F2 Notchl & ik
TR MRS T RE L, WA T A5ARE, WAEA 5 &
JRLHF AL 3225 W) 06 T ARE . B —HFAF, HADJ % &
FEAGACIE T Z) Bk F AR B K44 F 4 A0 RNA H19 £ X3
Ao, B ashF R Y EAMLEIK, #—F o4k, H19@itre
1E P53 £ 5| 1 B 3 F X i itk Notehl, 123k T ARE 41k,

H #7 % F DNA ¥ 1k it Notch 12 5 i@ 34 k8 F X
WAV . AF 5 A& B, Notchl, Notchd 3K 18 34 7 /£ F A4t

794 | PEHERKTIZASR | 55255 | 858 | 2021528

H. Delta-like-1 &R & 3) F 494 F AT A4z AL, Lk
BEAR AR B 3T F ALK 2O B 280% Noteh 43 53 3%,
FlA T #4550 F HESY LA, #tdmst B W&~ A& %n B,
B4R, Wnt = Notch 12 i@ 34 H R 7 AR 5, Wnt 435 3%
& 44 4 B A A% B B 3B A= Notch iS4 T AR A |, i it sk
F2 5 B8 16 Notch2 k8% Notch #47& 1. Wnt 13 5 i@ 34 78 &%,
FiEE P A B 69K E 89 R AR H Runx2 497& M, Notch /25
W4 B 69 KB HEYL % A0 64 & @ T A 45 1K Runx2 49 4%
FE M, dmdps) Wnt B 69K E ey KX, @ L Notchl B3)
T DNA FHALK-F A Z 0, 252 H A ABAK ML NICD B
ARV, #t @Rk Wnt/B-catenin 13 5 il 3 H0E, AT AR B
oAk B30 2 F o B AT, AR # A Notchl AR ¥ A4t
IR FEARET AR S R GA, K AR L3t Wit i@ 5% 6937 5146
I 47 4] AR AL, % Notchl 2R F ALK F A Z 802
LRk, M@t BT A RBAER, 54, LncRNA
HEEPELRE—FTHER.
2.2.3 OPG/RANKL/RANK % %t 5 DNA ¥ 3 ft. OPG/RANKL/
RANK % %2 A2 8 7 SO 09 XA R 25 T 4b, B @it
Sk RANKL T VA8 3B tm e b 69 4% B F kB 2 AR EILE
“F (Receptor activator of nuclear factor kappa B, RANK) 55 3
o, EMBAREFAhMARFHAL TMERE TS,
AL BB R R B, 3 RREBOMAE R, W BRI E T A
F74] RANKL &5 RANK #4454, FARBB0d ®. B a7t &9,
BP9 3RS B F 2 AR AR & B F A5 OPG/RANKL/RANK % 4238
BRI T 82 H: O FE T «B &2, &% RANK &
5B E F kAKX BT 6454, MEMIERXET B
S Bh 12 A3 A F B T B 4:45 £ oAk LA c-Fos 89 &
K, ARAFECE A IR B TR AR, A AT AR,
@ INK i&4%2 , RANK 5 ¥ @ SR L B T kA X BT 6 455
& 9N E 5 8 T i 8% (Extracellular signal-regulated kinase,
ERK). £ % B &1v%& & % (Mitogen-activated protein kinase,
MAPK). c-Jun Z L K 3% 4B (c-Jun N-terminal kinase, JNK), F
%% c-Jun/Fos E4L &G 1(AP-1) E4L, 4% c-Jun BEERAL , c-Fox
KRk An , RAALBE AR a0 e TE 3R, AR R R 4
fo; @73 & ik B B (Protein kinase B, PKB, X #k 34 Akt) i& 1%,
RANK 5 i J8 3R SL ) T AR A8 K 1B F 6 454, & BRAR BLALET
FEAL Akt, S 54z F BT kB EAL , 1R ATt AR 3 B,
DNA ¥ 4t 7T vL 8 4% OPG/RANKL/RANK % % % % B X,
. EXTNR ST 9B BLE AR T @R LN, H5a
fo o 1A AR T e F RANKL K B 4% RAL 46455 ) B 49
CPG EHLF Ak, FH BTN, 474 T RANKL A B &k,
e E @i, #—F E AR, 1L RANKL A E &3h-F
TATA-box L i# 8 % — CpG 4z % 64 F A ksh TR £ &k, #
3R AR m ik PP, DELGADO-CALLE 4 B9 4% #) 5- £
FraL 32 5 A6 HEK-293 2mfit, & IL RANKL o B4R 37 & &
XA R LA, mREASYREE @R, Yaaas.
% 4F, DNMT3a 484 i@ i 1884 S- A 3 F AL R BT 09 Kkt



AR, IR IBCR a B IR B 69 Gk R R AR e oAk,
AR 5 B RANKL B34 AR A L A F ALY LT, &
2 HUSAIN % P71 & % R E ARFR 5 F 9 AR ILF R s g2
#2819 RANKL & B 49 F 3540 £ 5, 12 WANG % B 3 it 4
BAEFRGA | B R GAN T IR, 3B 4R 4P F 2 RANKL
&) F 69 CPG B ¥ CPG 1% & F AR S #4740, 4RA
I, BREHFANEL RANKL R A B %5 FIEFRBANELE, @
RANKL £ B & 35T 49 F EAL KPR iR AK T 3 7 /R SRANE L,
VAL AT £, RANKL K B F A ALK AR A R X,
1% OPG/RANKL FK TR & 7 2B i i, 4R3E T B ROl
FHF A KA ST AR REAE (E 2).

22 b Pk, fE% 49 Wnt/B-catenin. Notch 13 5 i 34,
OPG/RANKL/RANK % 4t F, 4o ARREARR T AT 45
/£ DNA ¥ A 1k, = B-catenin. Frizzled. Notchl. Jag-1.
RANKL. YAZ Runx2. Osx. BHEEGF AL FT#HAE, Xk
AREFTRAMERAEEENT AR, FHEFH R
Z VL B E B e, B ARBE AT, ®IE T Wnt/B-catenin
5 Notch 12 5@ 3% 8] 89 X B & A4, Notch 12 5@ 3% F 49
Notchl 4542 B PR 47 & Rk, M mIphl s g w@hef s,
bRl B,

2.3 DNA BEVEIEE) IS RMNEPIWERHAR

2.3.1 BT A NHMEL 5B RFEAE E 55| A6 LR IK
Y. MARERE. EATNEZNRATTETRANET A
AR 1Y, XA R SRR T AR, K. Fy KA
T B, SWE A ) F R BOLRR A R K. AR
SMER R AR, EMmAKT B, AU R FEE R TR AT
BARE = AR A BB /1, AT 6 18) U Tt i) 8 5 7| Ae
G ARE AL, BTEtiL, B-catenin S Wnt 42 5B B eg 04t
FRF, HARIEE, TR A . ARIMIRA /) R ARGE AT 2
B-catenin & & £ A ut figE Wnt 42 5@ 3%, R#FH &R, 7
H A Wnt 43 5838693805, AR et s RIS T3 E
Ao, AR R AR IR EGE DG, Mk T AESHA,
LA RHETRFTBREAIMRIEZRER S, 47 LRPS AR F=
B-catenin & & £ ik FAHFHEHF S EHS W, R EH
18] F R T tm et dn 2% 4 55K /) T FUE , GSK3B & bakar ),

[&4K T %I B-catenin &4 B, 1% B-catenin K £ & F tu/ie
JRH RS AAL, ARE Wnt 45 5@ 95 7,

M T IR R T e, RARTT R A e AR e
bR A KA E G SRR KB REUE Smadl/s, LiRG @ik
AE 1 R RS R T mie s, AHER AN, R
) 10%. SAE A 1 Hz 3% E AL A akiB LB H SR AT
ZAK | 3% Smadl/5, #td E38 Runx2 A%t R, Y,
i it MC3T3-E1 AR B 48 6L 2 A6 m R ) 3 08 B A= B 18] 49 2
RE AT, EREIN, FFIRE (3% A= 6%) Fo & 5 AT J4]
(4 h) 49 F TR A 2AR B AR BEBR 5. Runx2. ‘B 45 %, Osx
% mRNA R A5, FHIKAELEZ G mRNAY, {#7F Wit 12
FTBBHORE, ML K. GAO F T A AR I,

AARIRF) (0.5 gn, 45 Hz) 4Lt T s B 4m A3 78 F= fm oL o0 2R
T, ET BRRRE e g R ey Hes|, H—F
B AR EE . B AL AEG 2. TR E mRNA RiA3E I,
FEALE- G R AR, 5 oM Z] Wnt3a. B-catenin & & &
A, XA TMMERT EHR. A, BRPERXILZNE
AN % )a, AL P BRI F AL LA M RANKL & GX T I,
OPG/RANKL pefs) EF, M3 #| s saf o ft, 128 BIL /
TR e iEAS, HE R BANME & A AR Y,
2.3.2 DNA ¥ 3 At 15 )i 38 R B e9E R ALk B
A, B IE LR R e 2 BB R, JERE. TR KK
EFZE MRS TN, MALEY, EFhaddATAAX
A ALK R E X R R, ATARF 2t APP/PS1 445 4
JNReAn 10 Bl SiE S E, N RiAEDL P DNMT1. DNMT3a.
DNMT3b mRNA & ik 2 38 ha, &m0 Rk D FEMKFHA S,
MK T APP/PS1/ ABA2 4 Z& & & A K-F, Mg =143
fege . BE L 5B RAIKEE S A BiE IRk
BB RN, IKEIE SR 2 fig. 8 A5 R R BRI
Fi&. WIg, x4 EF mRNA Fo k@ FAHATHN B L I,
HRgARMAD KRR A X B IR F T AL, FHA RRBS A M
B\ HAE 5 ALK AL B AP 675 NEFE ) CPG B L A
REHFRMATA, P Wnt 45583548 % K F 49 mRNA &
B FEARA R, XLHRAEER TEHTABLRE
DNA F Ak R AR = A 7

HRAES, DNA ¥ EAEE SR em B Rt ¥ LA LR
EER. FDhRARA B E R AR T @i E FRG AR
P AT 3 h HUARAK, 248N, EHRAEMLTHE T,
BohE, BHEAQRREMT 2345, BeshFFAMNTHR
T 35%, JFH 3 ey AiEF LA R B EOKT A
1ol 3 h AR T ALK TF AL 2 R R K, R T AL A)
WA ALY R — AR IAT TR, Z SR G RIE
T HRAAIR I e B T AR E AR & @ B2 T F AL K-F ok LA
HERGK, ARSI AT ey i 45 3 3 e kB Ak e
B0 GNAS KB 5 %A B A &, GNASL 2 [ % 25 44 &)
okt G & & a 3k (Stimulatory protein subunit o, Gsa) #T i it 22
3 Wnt/B-catenin 12 % i@ #&A &_ Hedgehog 13 5 & 4234 i B 4-4L
FoB AR A Fh . VLAIKOU 5 B s AR AF 5 b Ao o M AR
FRAF Y AT-MSC 36 B IRAUARIEAR, 15d J& M 2m e A& L AR
B REEMEFE, H4MEF] NESP CpG24, GNASXL CpG27 o
GNASXL CpG26 =/~ CPG i & 89 BAR T EALAKTF £ 15d ERFH
MAR, XARHE T ARRRAELR % 4835 R 2mfie (hAT-MSC) A B 51K,

Lk, VA EARAEE T KRIGHAL /) 68355 GNAS 35
B P AR, AFiEFARE AL % 8 i (hAT-
MSC) & A E 4L, R AR, 3F XA RRE G M F
IE LIRS R BRI A B B R E 2R, Tt
P4 FAREE . Osx VAR Runx2 5% A B £ AT FE,
I R ARBE R ER R 6 B R AR X AR BE R BRI B A E) B K ) AR
AL FHETE . A IREE R B R G B A E Z AR B R BRI
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