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WE K@iz A5 (somatic cell nuclear transfer, SCNT)Z #| A 97 &t I el /R F 49 & A2 4)
JR 5t & AR 0 o A% AT E AR A AL R B TR F AT MR R, ESCNTiEZA P,
FMBAEAEA A5 0B mfet) & A2, wDNA T RALEA6 fll & & a9 8 B 1515, XL F R
FHFEARATSCNTAE RS 69 £ 7 = A T R#rf, RALEAL 240, JoDNA T L4545 837 ) ) Ao 20 %
B - TBLA BRI A ), 7T &AL A 69 77 N &, SRS E MR AT, Z L
3T SCNTHE IS T a2 142 7 69 8 R LA ASHH A Bt 4 RAR T 49 R VLIRS AR % B4 AT 4338, FF
PRI T XL A SCNTHE S L F 69t AE A .
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Progress on Epigenetic Drugs in Development of Somatic
Cell Nuclear Transfer Embryos

Ma Panpan, Yang Shubao, Luan Weimin*, Ma Xin*
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Abstract Somatic cell nuclear transfer (SCNT) is a technology, which makes reprogramming of
highly differentiated somatic cell nuclear by making use of cytoplasmic reprogramming material in the oocyte,
finally restores the totipotency and develops into a new number. In SCNT, epigenetic modifications participate
in reprogramming of oocyte, such as modifications of DNA methylation patterns and histone modification after
translation, their abnormal expression has adverse impacts on the development of SCNT embryos. Epigenetic drugs,
such as DNA methyltransferase inhibitors and histone deacetylase inhibitors, can improve the abnormal epigenetic
modifications and promote the reprogramming of SCNT embryos. This paper summarizes the abnormal epigenetic
modifications in the process of SCNT embryonic development as well as the progress of epigenetic drugs. The
effects of the drugs on SCNT embryos development were discussed further.
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HE B 2 K5 SR A BE f5 MG R & 2 oc 2R, (1
FESCNTH HE gufE o i BL T 48R FIR WS L8 1M, 52
W 6 B K B o ThuanEPIAIShen &5 1) i 75 2
7, SCNTHE it K & & fig 71 UL K VF 2 75 s [ 3h )
HH ) S 5 L PR 1) T B R4 A g R A4 A% 1)
REH1. NECEX RSO, V2050 6 kAT AT,
I UL I8 A% A2 15 5 THD . FH 28 W8 A% 25 ) SR 48 1=
SCNTHEAR K B R MPELA . AR CK SCNTHEG
(1) WL A% 57 DA B e WL 38 A% 25 P 6 SCNTHE AR &
BRI mEAT T 4548 .

1 SCNTHRIFRIMIEIEIZIH
1.1 BHAR EMEMERNEEERIE

IE 5 B R B BT e 0 5 &5 7 7 THURS #7816
FIARA, F B 4R (A ) LR AR A B
F: R ZHDNA H A AH OG . 3X L R WL AL 1B 11 kG
Biff b A2 i 2 2R S MR R R 3R 0K . A 0T 0
W AL 215725 00044 KT F130 000~40 000>CpG
THHBRF A . IXECpG A 3 EAFAE TR E
FFIX, BB X — A T EE K EF200~2 000 bp
EGig X, XA X IHC+GII 8K T50%, CpG iy K
T0.6° . LisFOHT TR B, fEAd R AL K &
W CpG A% R HH M s g 1) 1E 5 PR AL R e JE
(1], FF HDNA H B AL 75 4 1] 27 A P (parasitism) J5 31
FiEPE PR B 7 OCEEAE ), 2 A AN M R R U B
RS —HB 0. TR AT, AR RPN 322
LSRRI ITBR ARG, (AR 7835 B, Bk 22 1 B[R]
TE I B A T, AR A1) e TR 0 o) S R R AR S A R
LR, TR, WIS A% R 4550 S 2 A AR R AR
W e PE & G H B, I H R WAL A 45 1 &2 46 PEBE
= DRI 2 K T G

FEI LAY 00 51 & JATR), S2A B0 Y BT e
FAAE B A R N ZHDNA 1. 52K 5, SCADNA
F Byl 2 A, 1 BE AR FIDNABEAT #4302
AL, Z 00T f8. BRI ANZERSZRE IR0, Ziller
S5 Okae S5 I7E N FE IR i o o0t 4 45 (5 4H () DN A HH
FACHEAT 30T, RO BE A SR R 20 9t 2 WA, LT3R
JUR H ) 2 AR B /N TN ER, IR TE N R R 4
A BT 1S 0 B 2k PR 22 S FE AKX 38 (differentially
methylated regions, DMRs)FE H o ZillerS& ¥k 3,
SOAHE R 21 R A 4 TR 21 2 W A4k, {HSINE-VNTR-

Alu(short interspersed nuclear elements-variable

number of tandem repeats-Alu)f¥ 73 Fl— L& 3 A B B¢
HE P X —H Ry, A2 a5 KA
EHEMAER T, xeegh R, FF4HDNA
(1) B B O AN R A 2 A, R T SRR R 12
IAFELE -

Dean®5 A 78K I, JRHG FIDNABL K ik 2
TE 19 4 B R 3 R B B P A P B A, 3 5 0 fi 2 DR 4.
BRI R R AR G IX B LI R R B Y
B OCH D IR, BLAE 55— IR A0 M 7 2 L. R4
BTMMTE R F IR AT H, 52 2IHG %5 8 2 FE R (1) %
SRS . FEAERKIMEAG T, FHBIAETER RN, a0
AN 2R 55 92 28 5 7 T mRNA R X B U
I, P I B K P 2 0 I8 B R B o ) e R Y
}Xugﬁ[lllo
1.2 FENRMEEZEE

S FHSCNTEIPI AR LK H AE, 150 B B2 O REZH
AR IIRE SR A Az A Re M. Gurdon®§™
A TR BH, 75 OP BEAH M, 520 PR ol i SR M s A%
&AM 2 5 5 R 4 6 4 i s 8 )5 (14 44k, e VR
BANRE T, (AR H w12 5 R e ik, JfF
VM KERT. F5 L, ERFREREAT, &
L TRAL IS FFY 2 A 1 % €0 AR AS 2 ARALLER, AT 7
IEH KBTI TN RED . 2R, SCNT/E 1)
HrREgmAENS TR K E, XA H TR
1 it ik A1 v e D] PR 2 A () B sy F 7 2 R 1 )
25, 2R 5 K B 1 I B L8 2 B K R
SEHA e A BRI A,

SCNTH ik /7 /E DN A H J AL A B K &
T A 55 S i TR R AR 121, IX R ESCNTHR IR MK
KA F RN ILIAC H A B FAEIE % . ChanfFH
BortvinZ: M 78 K B, SCNTHEAR 5% 10 28 M 4%
1A T 25057 I 2 R R A T, IR S R ik A B
TG B TP AR, Bl anfiG LA iR S L 88
B RN BN I PR X Bl 2 ik
R

DNA H 3 4k, FHDNA H 2 %% % il (DNA methyl-
transferase, DNMT) /" 5, £ & EECpG % FH IR Fr
G s g SO R A5 E . B AT R4 DNMT:
DNMT1/2 — Fh 4t 4 i, 17 57 B H|CpG 1% H & 1
FEA AR, B 36 e H 2R (LDNARE™, T
B R 20 B 45 5 1 S5 A RDNMIT 1 4 37 BE A f B4
DNMT3aMIDNMT3b#x £ A i RDNA K] 2 Y B4k,
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AT e 0 FE R PR AL, IXE R B AL R G R,
DNMT2 5 HAh FIDNMT A5, 552 R R IAT BRI H
TR FEBEENT. ChenZE I 5 2 BH, DNMT3 %K
A R B, INDNMT3 2L 2 14 B (DNMT3L),
B A DNMTIE 1, (H 272 A E 40 i b 2 5 Ep ik £ A
(¥ F 2= 4k, JF 5 DNMT3afl3bAH ELAE Y 3557 1
AT F R R R B 1

Klose5F ! BIF 7T i 75, DNA 3 A4 410 ] 5
Fik, FE @ H A BDNAR s o R 5
FAn R R 45 &, Bidh & 1 3-CpG-4f & 1 A (methyl-
CpG-binding proteins, MBP), MM 45 & 4% th i 5 %
S T 2 S A DB R R R A, DL 2 E
F o DNA FFJE A6 0 35 D] 2 328 (1Y) 52 ) B 2% A5 G4 €45
g5 F il I B M e FE, FRMBPAIDNMT (197 M Sk A
F, G HE A % OB B [histone deacetylases,
HDACs, th# AKDACs(lysine deacetylases)]Fl 2 &
[ 3L % 72 [ (histone methyltransferase, HMT)&E &
o

SCNTH Ik 41k, T2 2R HDACTE S R 2 5
R BT RS E . AR TR 2 AN
BRI IR P, A HE 4 i Re- 2 v 1 4
MEAEH . 8B ZmAE s s hrdl s B Lk
FL 5 #% i (histone acetyltransferases, HATs)FTHDACSs
FR 3 P 2 1) )~ Al P A R 4 . N 1I8NNIBAE M)
HDACs, "4y 425, il A E H R MR e- 2 5
R IR TR 1 B, HDACs 1] 78 % S i 4% Hr 43 v
FEREZWEHY, G, SRR ERA,
{HHDACs % B 74775 T & S WAL (1 20 8 1 2 Hoft
FHAMERR L e 2 L1y AW, RN 4B
AP BEAK, Tl AT R Qe iR R 4R, I SR
0, FEAS T A8 5 4 1R R B B R,
T R E, XX SCNTIRIE K G2 1
ANREHER .

2 FTMIREHY

FMIBAL 22, NFRRBAL 57, “Hh gL 7L
TR AR, BHICE A 2 R ZDNAJT 51 U2 (1)
UL, 2[R Th ] 0 AT AT s A () AR . X
3£ FEDNA P 1 B BB 1) HE AR %
PSSR F WIS AL A 1 771 4 Bk O R st % 254,
£, FEDNA H 2 %% #% lig 411 ] 71 (inhibitors of DNMT,
DNMTi)F1 41 8 1 2 £ Bt & 5§ 49 1] 77 (inhibitors of

HDAC, HDACi)(#1).
2.1 DNMTHIHIF]

DNMTH 7B X 57 8 5 205 [ B 34k, W]
Iy NRZE MEAERZ B R . d )2 R i e g
WA AL, 2 B A SUCIDNMTHI ) 7, oA, Mg
W% W 4 A8 1 5 % 7= A= DNMITH 1) 32, 0,466 S-
Rk M H (5-azacytidine) 5-&4%-2-It A M H (5-aza-
2-deoxycytidine, 5-AZA-CdR). 5- % -2- i %0 Mo 1
(5-fluoro-20-deoxycytidine). 5,6- -5 -5-& A HuFF
(5,6-dihydro-5-azacytidine) fllzebularine!"”, — H.{EH]
T, X AL A B U (nucleoside kinase)
B, 85 G 0F, BRI AL ) Btk B IE ) (%
BRAZ ), 76 240 B 5 HA RIS B 2k ADNARY, - i e g 2
BAPE I FIDNAH, fESHIE NDNMT & A% 1Y) -
SR, A& Ui I 11 it 85 e B4 72 g AR 22 8] T il —
Fa g A i, IX UAIDNMT A ] IR VG S5 . H
I 77 A DNMTVE 14 I 48 B4 48, & S 80 W2k
DNAF & B

ARk, = E ARt 22 o B A% 8 ) 7
Fahy % PUHF 78 27K, NPEOC-DAC(2'-Deoxy-N4-[2-
(4-nitrophenyl) ethoxycarbonyl]-5-azacytidine) & —Ff
5% FRE AT AR B, ] B 2 R IR I 1 (carboxylesterase
1) 40 i5-AZA-CdR. {HIE ¥ A 1% A 7] Y DNMTH]!
il 7. 57 4b, RX-3117(fluorocyclopentenylcytosine)*!
& — LA R, BE 8 H HIDNMTI ) 3% 7.
Zebularinesg — Fh B G U k% H DNMTHI I 7, &7
A BRI R, BA %R ER.

2% HDNMTHI A 77 B A A 45 S DNAK A% H
WEPERRE S ()BT AT @ T PJEDNMTATEE f7 5
2 ) B AE AR ok S i, 0% & < ™), Amatori
EFPIR R TR M, I E R CpGE £ IX B A £ A
71, JEXSDNMTHE B A7 & 70 fE . Bh b, Villarss !
IR IR, & B ] 5] kS FL 55 i 40 f RS- Ak
W e i ()b, R 2 — PR AT & fDNA %
FRE {6 245 770 (2) B 5 PH ZEDNMT L% (i AL £, 4
SR EA M-3R LR R-3- TS TR
(tea-polyphenol(-)-epigallocatechin-3-gallate) !, fif
% Tk TR ST 2% — R Ik I i k-6 IR B AT 2B )
RG108%7,  Jifk 25wk W FY 1 iy ML [ R 96 97, 9 1
AT AE IDNMTHI #1551 . Graca®52 % i, 7£ R 41
I i 24 PR, R R K R Y Ak B IS T DNMTT L J2
DNMT3aFIDNMT3b mRNAF] 7= 4=, 2 07 8 ik 3= W
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Table 1 Epigenetic drugs
4k ] oy B4R
Name Type Property Reference
S-azacytidine (5-Aza) Nucleoside class inhibitors of DNMT Specific drug of affecting S phase [19]
S-aza-2-deoxycytidine Nucleoside class inhibitors of DNMT Inhibiting the activity of DNMT and inducing [30]
(5-AZA-CdR) reprogramming of pluripotent stem cell
5-fluoro-2-deoxycytidine Nucleoside class inhibitors of DNMT Inhibiting the activity of DNMT and inducing [19]
reprogramming of pluripotent stem cell
5,6-dihydro-5-azacytidine Nucleoside class inhibitors of DNMT Inhibiting the activity of DNMT and inducing [19]
reprogramming of pluripotent stem cell
Zebularine Nucleoside class inhibitors of DNMT Inducing gene silencing as well as demethylation ~ [19]
and reactivation of hypermethylation pl6 gene
Fluorocyclopentenylcytosine Nucleoside class inhibitors of DNMT Inhibiting the activity of DNMT]1 [22]
(Rx-3117)
MG98 Nucleoside class inhibitors of DNMT Inhibiting the activity of DNMT1 [23]
Procaine Non-nucleoside class inhibitors of Drug of DNA demethylation [25]
DNMT
Tea-polyphenol(-)- Non-nucleoside class inhibitors of Inhibiting the activity of DNMT and inducing [25]
epigallocatechin-3-gallate DNMT reprogramming of pluripotent stem cell
Hydralazine Non-nucleoside class inhibitors of Inhibiting the activity of DNMT1, DNMT3a and [26]
DNMT DNMT3b
RG108 Non-nucleoside class inhibitors of Inhibiting the activity of DNMT and inducing [27]
DNMT reprogramming of pluripotent stem cell
Benzamide Inhibitors of HDAC Possessing potent inhibitory activity of HDAC [19]
Valproic acid (VPA) Inhibitors of HDAC Inhibiting the activity of HDAC, improving the [33]
development and performance of SCNT embryos
Trichostatin A (TSA) Inhibitors of HDAC Inhibiting the activity of HDAC, inducting cell [13]
differentiation and apoptosis, playing to the role
of immune regulation
Sodium butyrate (NaBu) Inhibitors of HDAC Inhibiting deacetylation, phosphorylation of [34]
histone and DNA methylation
Synthetic suberoylanilide Inhibitors of HDAC Inhibiting the activity of HDAC and inducing [19]
hydroxamic acid (SAHA) reprogramming of pluripotent stem cell
Pyroxamide-101 (PDX-101) Inhibitors of HDAC Inhibiting the activity of HDAC and inducing [19]
reprogramming of pluripotent stem cell
Panobinostat (LBH589) Inhibitors of HDAC Inhibiting the activity of HDAC and inducing [19]
reprogramming of pluripotent stem cell
Dacinostat (NVP-LAQ824) Inhibitors of HDAC Inhibiting the activity of HDAC and inducing [19]

reprogramming of pluripotent stem cell

BALAZ v g D> FOB I K . Savickiene P 1 T
7t 26 W1, RG1087E 5 4Jki 41 Mo 15 111995 40 g v 2 gt B,
ZE SHDACHIH A S FE I MERIE. IhAk, &
HHF R, RG108AEE L2 54 = &L
DUBREE R Fr) FR SR ORI S €, 3 b 5 4 M 4 52
AL T3, R BHRG108 7] & fE N — DNMTHI
7o

X FERZ T ER(MGI8) & — FIDNMTHI 177,
EHNHIDNMT L3 M, 78 IR 40 i vt L S

75 A Y S A A0 L R ) D 3R, o fE e ) 5%
R 45 & FIDNMTI mRNA K3 5 A8 3 (X, 7 H.
FELAG T & 5k, 51 T mRNAIRAL™),

IR W IE LR T A R R B AR R
DNMTH il 1) 3 12 DA4R 7~ B AT 2 18] T e 1 2 4
PEo B MR IS A% 2R, JCHLR5-AZA-CdR, &
TIN B B (1) 2% R A M, A2 M — R 5] LR &R
&5 1 B #1001 77 (tissue inhibitor of metalloproteinases,
TIMP)-3- it 2 1 1) J5& BT JE 2 1 25 H A R B BT 3R
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KB B XTIX LS R, Siedlecki®E Ly T
FUDNMTHEAL TR Y = 4 @B, DLSRAS B I DNMTHF
S VR H ) 7S UE B FLAE 5 SDNAMK B 7 T
5-AZA-CAR—HEA 2L, IF HHFME ARG,
2.2 HDACHHIF
HDACHN ] 55 7] 43 5 fg W R S R 5 1R
PACIR DY JPROFH 25 FE 9k i, HG v K8 23 5 BH T HDAC
fEAER A R AT RIA, B 5 — A Zn* P, HDACHIH|
A5 A 2 AR R, DT 4 L o 52 3
LAV H B BN T A% /AME, H 0T S 85U 5 RN
AR B . Yoo HF 7L . 7, HDACIH]
A RRTHED, o sdrd &g E
R B A, B/ AR SRR b, i@ AN A T
LR I G0 B AL TTHD AR R
¥ G 7 B2 BT R AN TN IR R (valproic acid,
VPAYH Y, 25— 1 8 SLHDACHI 113 14 i AL
HW. SR, X7 S 2R B SR S ILHDACH)
1] P LA B I AN B AU, TsajiZE I B 5T AIE B,
VPARHEE B 2. JESCNTHEfG I & B A RE, 5
ih 7 7054 2 (trichostatin A, TSA)A AL 5 58 &= 72
B . LiuZEBURg i 5t 3R B, T 2 #4(sodium butyrate,
NaBu)& — MG 4-fr g TR, IR —FAa 200
HDACHIHI5, ‘&4 — PHDACIEZE g PE3H15), 5
R A SRR, IERIMI— RV AR R, &
AT LA S R0 0 53 280, A A AR KA i R 4k
TEAFI g 5 R 48, NaBu MY eI 408 B & 41k
1k, BT H0 I 2H B R 1L FNDNA R 4k, HIE &
(R B AT JE A8 AR A1 2 RS IR TG 1 e BB SR,
NaBuXf 2 U BEAH i AR 4175 5 52 B T ie NG 28 .
DL I 1 9 LRl I HDACH, nsE 25 AT AE Y
i T R (TSA) = k2K Jie 57 #2 /15 R (synthetic
suberoylanilide hydroxamic acid, SAHA). PXD
-101(pyroxamide-101). LBH589(panobinostat) il
NVP-LAQS24(dacinostat), #f & JE & A 2 FTHDACA,
G BE SR B BV AT AR 4 b 40 I HDACTE 1™, TSAZZ
— P H 2UHDACH, &5 — MR MIBAEAE ], )
i T SCNTHIZ) . FEAR AL, AR 2 AR 24 o B 2R 7
(1 ER BN BEAM R FHTSAKL L /S, o TR R B, JE—
P& L, WEEHIN T RO AR B AR ARG T
21l ffd(embryonic stem cells, ESCs) S H 1 Ih 3,
Yoo &I A 5T 2 7w, HOIR DY K ) 28R A 24 T
R RN E YA BR), IXARER T — My

JEZKHDACI, ‘BAI & IE R Ao — R 513 B K 1)
HUURK S, FEHDACHIEAL AL, % Zn* 18 1%
HHeH

2 H iz, InMS-275F1C1-994, 2 B A w2k i
HDACHIHNEYE R & &), 2% TMS-275, 1E
Mt 1 A B A7, ST BT X Zn> W T . IX JEHDACH
HATZW S, 2R OURZPIN, SRS T
HDACii5 M,

RUE RN e HDACIX B AR AT 2 18] 52
Wi A 7], — & 4 4 (THDAC s, 40 5 B itk s 5 #2
f5, B REE A 2 RORS, (HYFZ AR
B, K HDACisH stk i E gm 2 A e B e . 48
1M, A2 75 [FREE F T At 11 38 W B AL AS 4 770 7558 2
ANHf 52 14, 5 T DNM Tis 5k 2H 25 1 P 3 56 4 il 0 1) 551
(inhibitors of HMT, HMTi),

3 RMNEERENEE

H AU, $2 S SCNTRLZ I 5k W 3= ZLAE T2 13 oY
REAH A 1) 26 G 2 7 18I, 3 3o £ 3 A1 i ) 1 2 Ak 3
HEEH B RMIBE LB, fESCNTHEAA A W 2
B 55 1R M ALAB M, 4055 IDNA F L
E A B, HDACIAIDNMTIA] 43 %) 51 AL 4 2 A
LA KT 42 5 FIDNA FF 4L /KB AR, A5 B 4T
T AR5 1A A M A% P e 0, R S 1R ROLE A%
&4, e 5 5 {6 55 4 I8 H BLCE O REGH B fr 40
W, SR RIA R . WangZECORIRE 5t £ 0, bk
4 g FISCNTIR i FH 5-25% Z-2- Wit % B 1 Wi (5-Aza-2'-
deoxyazacytidine, 5-aza-dC)FITSAR A AL ELE /> TNT
TE RO LT 21 (0 B4 K1, SR AP 3288 IR IR 1)
AKFRBL, FEA5E 7 B R M2.6%38 TN 3 T 13.4%. &
M, A A4 20 Jif R 5 2 AR i 222 5-aza-dC AN TS AT & Ak
RS 7)o 2 R0 A 48 A 3L ) o e A v U % 1 45 A S
w, BFEG LI RSB IES I GORE, XUNGE TR
TEAEAG R 1) ) Ab PR AR M 58 4 A% T SRWIE A% 5780,

4 5L

SCNTZ — /N & (I FE, 764 7= fl EIR it 52
A EERNE, TR THED R E. S
AT« SO R AR AR R R R . (H
AV 2 DR AR R MSCNTHEIG K -
Wt 723 B, 2R WL A% 25 P 7E SCNT A A 4 = IR i K
H 3, (EAg R v I A 10 o B SR AT AR, R AEHHT
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G R (LA PR AL A O R T B R 11 T T R

o

PRI, DA SCNTRERR B B R AN [ 7 [ 2%

2, Bt — B SCNT R &S D BRI F i — P PR
fife FL H AL, DA(ESCNTHE A BE 47-4h 3 FH T E Atk A
FRIE=,
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