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[ Abstract ] Objective; To detect the expression levels of globin transcription factor-1 ( GATA-1) and
histone deacetylase-1 ( HDAC-1) of bone marrow mono-nuclear cells (BMMNCs) in patients of myelodysplastic
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syndrome (MDS) , in order to analyze the effects of Chinces medicine formulas of °strengthening healthy energy’
and ‘ eliminating pathogenic factors’ and HDAC inhibitor Vorinostat ( SAHA ) on acetylation and GATA-1
activation of bone marrow mono-nuclear cells ( BMMNCs) from MDS patients in vitro. Method: BMMNCs were
collected from 10 lower-risk MDS patients, 5 higher-risk MDS patients and 3 healthy control cases, and then treated
with ethanol-extracts of compound Chinese medicine formulas of ‘strengthening healthy energy’ or °eliminating
pathogenic factors’ , or SAHA as positive control for 48 h. The mRNA and protein expression levels of histone
deacetylase 1 ( HDAC1 ) and erythroid transcription factor ( GATA-1) were detected by Real-time PCR and
Western blot. Result; After treatment with the formula of ° strengthening healthy energy’ or ‘ eliminating
pathogenic factors’ at the concentrations from 0.062 5 to 2.0 g-+L™' for 48 hours, or with SAHA at the
concentraions from 3. 125 to 10 pmol - L~" for 48 hours, mRNA and its protein expression levels of HDACI
GATA-1 were significant different compared with normal group. The formula of ‘strengthening healthy energy’ or
‘ eliminating pathogenic factors’ could increase GATA-1 expression by regulating histone acetylation in both lower-
risk and higher-risk MDS patients (P < 0.05, P <0.01). Conclusion: The data suggests that epigenetic
alternation may be one of the important therapeutic mechanisms of SAHA and ethanol-extracts of compound Chinese

medicine on erythroid transcription regulation. In our study, Chinese medicine formulas had a HDACI-like

acetylation regulating effect, but with no significant difference between the formulas of * strengthening healthy

energy’ formula and ‘eliminating pathogenic factors’ .
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{18 0 A7 B LA 1) 245 W I R YT S8 UE 52, GATA-1
7£ MDS M4 78 1M AR dE 4T R Ak VR A %
Z WAk 5 GATA-1 JE[F &5 MDS 41 R E1ER , &
1E AR o 2% MIDS 14 98 e 80 05 7E FH 45 7 T Y
N, A B FEXF 10 461 A0 XK A& 4 (kA& fE-1)
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PR OB SR P R PR A R B
MWE P —RED 10% 4 RE R QFMR b
L2140 ML o A BT A ) = 15% DR BR 20 , B
BEW R Ik 5% ~19% ;@Y (o fk S . W20 2L 2
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T N ZIE , FIE, T (0 RV, T8 2 5 il &
BE BRI I 5 2 B, T BE R 5 B o UROIE, Sk Sk
B B0 R, BRI R AR, PO O VT A B T O
2, A /DA M, S B A R BE, B R, kot 4
B R 5% o
L3 Y4ARRHE  AERY 18 ~75 % 54 MDS i E 2
Wb v 5 2 4 P BEE IS T AR o, 22 2 4 LA iR
PR A v B I B R I E
1.4 HEBRAn#ME 46 &M MDS; & Jf H fh i i 5 3k
ML R 48 Rd B B O A 8™ I 0 JHE 4 AR
P95 A8 5 5 4 W U 8l L A R R A R
L5 2yl &
1.5.1 $HRIEHF KFS %41 Lii¥(HEk
B0 B o KFS ARG M (b thR} ks
EMEARA R A AL S 121004) K 1 g, i
10 mL, 3538, R % 30 min, JEid, JEWE A = 1 mL,
PR BRI o B2 T IR 25 (b s R R
K E AR A BRA AL S 121232) 83K 0.5 g, il
I BEE40 mL, i #& [B] 3 30 min, 38 o, 38 W Wk 45 =
5 mL fE A S o i T IR R (b
rRR T R AR R A BR A AL S 121041) B oK
0.5 g, il =5 H%£20 mL, {7 4b 2 30 min, JE 1T, 78
I B mLAE g A AR N R
1.5.2 FEMAT  HPH AT R = b (%
Lol TECH]) 4Pk iz % B8 25 6 (b 50 v B & AR
HAR A B AL #5 121490) YR 1 g, Jin Z ik
10 mL, % %8, ¥ ¥ 10 min, 38 &L, 38 W 4% 1+, 0 79
2 mLAd B I A A R A AR T X
M (b bR R A BEARAER A A, A5
121183) By K 2 ¢, W 85% & 185 147 Il i #2 B 2
UL U, [T B, Ao U8 W R 4 T R AR L R e
RO R B . B R HU i T 40% L R
(DMSO) 1, i % 1 0.4 g-mL ™" B W, &,
xR (de s R R A R R A R A E
5 120941) B34 0.5 g, fnok S 5, 5649, #m LAK
AN IE T EES mL, % %€, JR#E 10 min, i # 2 h, &
O BRI, 0 3 AR UIE T B M 7K L 3850, ik
B )R  BOE T B2, 281 I B 1 mL i 55 3 i
fie MR S
1.6 4k 9  JCHBUTZPusE s MDS 58 3% fliE
N B 5 mL, Ficoll-Hypaque & # L 73 5 #A>
A PR A B 2 x 10° 4>/mL, IE WA
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FEARAINZG , MDS 5 3% FE A 43 Sy 1E HE 20 RS 35 20
FHorpr MDS IE K 4RI RE 20 X5 7S AL AR 7 i A
(SAHA) 4, $k IE2H Jr 20, ¥ A4 7 21 =5 L A
A 25 ¥y, SAHA 4 i A SAHA (IE & 4
2.24 pmol-L™" JEFEL] 2. 40 pmol- L") He IE4lm
ARTZ o2y, Ll TEEEY (EEAH
104 g L' JREFAL 112 g-L70) s #5024 A4S
R BT R = LR (IE 4L 1.00 g- L7,
PREEL1.09 g-L7") ,F 37 C 5% CO, %M F,HE
10% /NF I + F 8 R + HERE R B RPMI 1640 15 57
W, B CO, BEFRAEIE IR 48 h 5 b AT R 2L 52 5.

1.7 &5 A% SAHA (MedChem Express 2\ #],
#it5 HY-10221) ; RPMI 1640 %557 & ( HyClone A &] ,
#t5 SH30011) , Mg 5 (MTT, Sigma-Aldrich 23 &] ,
it 5 M5655 ), RNA 43 B i #| ( Thermo Fisher
Scientific 2y A , fit 5 15596018 ) , EasyScript® One-
Step gDNA Removal and ¢cDNA Synthesis Super Mix iz,
7 £, TransStart® Top Green qPCR SuperMix ( + Dye
I/ +Dye IT) (At st &2 X EEWE ARG RA AL H T
3900 AE311,AQ132) ,RIPA R (55) (BB K
YR A R A LS P0013D) ,GATA-1,HDACI
B L BEHUAR ( Proteintech 24 F , L5 43 &y 60011-1-
Ig, 66085-1-Ig ), B-l 8 ££ 1 ( B-actin ) antibody
(Abway A A, #lt 5 orb10033) , peroxidase-conjugated
affinipure goat anti-mouse IgG (H + L), peroxidase-
conjugated affinipure goat anti-rabbit IgG ( H + L)
(Jacson 2 &, it 5 43 % & 115-035-003, 111-005-
003) 5 51 ¥y fy b 5L o5 5 2 R 56 AT R 2\ 45 A,
GATA-1 (220 bp): I §iF 5'-CACTGACCATGCG
GAAGGAT-3', T i 5'-CCCCGTTTCTTTTTCCCTTT-
3"; HDACI (231 bp): | i 5'-CCTGACAAGCGCA
TCTCGAT-3', F i 5'-TTTGACTCTCTTGGCTTT
TTTGAA-3"; H il ®-3-%% R it & B§ ( GAPDH,
166 bp): F i 5'-GGTCGGAGTCAACGGATTTG-3',
TF 5'-ATGAGCCCCAGCCTTCTCCAT-3",

FACS Verse # yii =0 241 M A% (€ B BD A w]),
CFX96 #5¢ 3 %2 & PCR {Y¥ ( 3£ [H Bio-Rad 24 #] ),
SW-CJ-IFD AU i T AR & (L i iR sl A IR 2
A]) ,Forma 3110 A — 4 1k bk 5% 37 46 ( 35 [H Thermo
Fisher Scientific /) ,XSP-17C % {5 % /f: ¥ . {52
(LRI AR A R A ELITE 300 PLUS Y
ALK A (3£ [ Wealtec 22 H]) ,DYCZ-24DN B H 3K
FI DYCZ-40D 75 J5E A (b 50N — 2R W) B A R
23 7)), Tanon5200S KAk 24 % Y AR 2 4 ( 11 K fig
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BEHRAF) %3 MDS Ef4 5% 5IE% 4 BMMNCs f HDACI, GATA-1

1.8 Fi mRNA RikKFLEE (2 +5)

1.8.1 =ZEm3% )6 E H# PCR (Real-time PCR) £ 2
s HDAC1,GATA-1 mRNA 35 40 82 RNA $21
J5 B 34l cDNA, RN & K total RNA 1 g,
Oligo( dT),, primer (0.5 mg+L™') 1 pL,2 x ES
IT RT/RI enzyme
mix 1 pwL,gDNA remover, #pfill RNase-free water & &L
RFL R 20 pwl, AP 45 °C 15 min,85 °C 5 s,
DL Premier 5.0 &% i 5| %1 ¥ i £ 4F ) cDNA i 17
PCR ¥4 75 20 pL S W R gt 47 0 SRR &y
¢cDNA ¥i#z 1 g, forward primer (10 pmol - L™")
0.4 pL,reverse primer (10 pmol - L')0.4 pL,2 x

reaction mix 10 pL, EasyScript ®

TransStart® top green qPCR supermix ( + Dye I/ +
Dye I1) 10 pL, %Mt ddH,0 Z SEAKRFN 20 pLl, K5
FEJFEH 94 °C 30 5;94 °C 55,60 C 155,72 C 10 s
(45 A& ) . KA ABI Prism 7500 SDS # {4, 43 5l
Ll HDAC1,GATA-1,5 GAPDH 4 %f % Il 5 2 HAE
77 HDAC1,GATA-1 mRNA Ay A E£i54E, B3 K
SIS B {E , mRNA AHXF ik =2 74,

1.8.2 4 H L BNk & ( Western blot ) £ Il 41 Jfd
HDACI ,GATA-1 FEH &KX HHAAMBERIRER,
FH Bradford ¥ % £ B & H R 24T E B R 4
592 nm Kb WO BE 2 i AR e i £, 51T SDS-PAGE
B LUK IR, i —HT (1:1 .000) 4 (1:1000),
VRN 52 R W0 5 B U8 TR AT 4, HIE R BT 154k
PR G5B B S5 K BEAE

1.9 Siil2:Jri LA SPSS 21. 0 4 4 % $i 472 ik
TGt o i, i i PR R LA« = s 3R, T 41 1) B
ARPBPECBCR ] ¢ K9, 22 20 (R AR A 1 B 35k
T3 25T AT G T 22 55V R R AR 36, TH 40
FER A X BB, P <0.05 BRERAGITEE XL,

2 #R

2.1 MDS % BMMNCs H' HDACI,GATA-1 mRNA
K EHF XK 5 IEH AN BMMNCs [

2.1.1 HDACI,GATA-1 mRNA %3k 1EE4 K
41 HDAC1 mRNA £k K@ FIEHF 4L (P <
0.05),IF 4 5 40 GATA-1 mRNA ik K1y
RFIEFH(P <0.05), 1F A HEEE 44 ) L3
HDAC1,GATA-1 mRNA 357K F & W B 2 5.
W3,

2.1.2 HDACI,GATA-1 T %k EEY i
41 HDACI & AR Ik KFH®E TIEHH (P <
0.05),1IE % 41 GATA-1 1 &A/KFH TIERE4 .

Table 3 HDAC1 and GATA-1 mRNA expression levels of

BMMNC s in lower and higher-risk MDS groups and healthy control

group(x +s)

457 %K HDACI GATA-1
EH 3 1.00 £0. 90 1.00 +0. 10
MDS iF i 10 5.43 +0.70" 0.14 0. 15"
MDS it & 5 4.98 +0.40" 0.16 0. 13"

FHERALEP<0.05(F£4 ),

A (P <0.05), 1E i 2 5% 7 41 4 ) bb 4%
GATA-1,HDACT dE HRBKFR LIRS, W
K1,%4,

HDAC1 = S . 55kDa

GATA-1 s 55 kDa

[B-actin WSS SSSS WSS 4D kDa

A B C
A.IE¥ 40 ;B. MDS IE 41 ;C. MDS 38 # 41
E1 MDS EEH . FEHSEEHE BMMNCs ff HDAC1,GATA-1
BB RIZBIK
Fig.1 HDAC1 and GATA-1 protein expressions in BMMNCs in
lower and higher-risk MDS groups and healthy control group

*&4 MDS EEAHA.REFHEEFHBMMNCs 1 HDAC1,GATA-1
BEERBEKELLB (x25)

Table 4 HDAC1 and GATA-1 protein expression levels of
BMMNC s in lower and higher-risk MDS groups and healthy control

group(x +s)

24 5 %% HDAC1/B-actin ~ GATA-1/B-actin
EH 3 1.00 £0.20 1.00 +0. 14
MDS iE }E 10 4.64 +0.40" 0.40 +0.08"
MDS 5 5 3.96 0. 17" 0.32 +0.10"

2.2 SAHA JHkIE (#8245 4 x5 AR [ iE B MDS i
# BMMNCs 1 HDAC1,GATA-1 mRNA Fl& 134
K- 1 5 i)

2.2.1 IEE4 MDS # % HDACI, GATA-1 mRNA
Fik HAEPALE, R IEH LML SAHA 4
HDACI mRNA /KB g R (P <0.05) ; SAHA 4]
GATA-1 mRNA /K- 3% ETF(P <0.01) 4k 1E4 .
A4 GATA-1 mRNA JKFH 8 EFH (P <0.05),
HIF 40 5840 HDACI mRNA 7K 78 iF BB 240 b 6
giit s, WS,

2.2.2  IF & 41 MDS H # BMMNCs HDACI,

GATA-TEEH®RIX S HAH A, L4 M SAHA
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RS HKE.#MBEYWFMIEESE MDS 5§ BMMNCs 1 HDACI,
GATA-1 mRNA RiEKFEEE (x £5,n=3)

Table 5 HDAC1 and GATA-1 mRNA expression levels of
BMMNC s in lower-risk MDS group after treatment(x +s,n =3)

21 51 HDAC1 GATA-1
2= 1.00 £0. 07 1.00 £0. 15
SAHA 0.28 0. 05" 4. 64 +0.55%
HIE 0.57 £0. 12" 2.28 0. 11"
il 0.44 +0. 13" 1.37 £0. 12"

5 A P <0.05,2P<0.01(%6~8[),

¢l HDACI 4 #E AW 2 T (P <0.05) ,SAHA 4]
R IE 525 (140 GATA-1 B EEHE FE(P <
0.05) ., $kiFEZy 544825 HDACI,GATA-1 & 1K
W Ts it ¥ 2E5. WK 2,%6,

HDACI (MR S - 55kDa

GATA-1 WS NS S s 55 kDa
[-actin [ SRR S s 42 kDa
A B C D
AL ZEHY; B RIEL]; C R84l D. SAHA 4 (K1 3 7))
H2 HE.EFPFFHIEEE MDS 5 BMMNCs #1 ) HDACI,
GATA-1 EHRERIK
Fig.2 HDAC1 and GATA-1 protein expressions of BMMNCs in

lower-risk MDS group after treatment

k6 IKIE.#I T WMIEEH MDS [ BMMNCs f1 HDACI,
GATA-1EBRIEKFLE (x+5,n=3)
Table 6 HDAC1 and GATA-1 protein expressions levels of

BMMNC s in lower-risk MDS group after treatment(x +s,n =3)

25 5 HDAC1/B-actin GATA-1/B-actin
%5 1.00 +0. 09 1.00 +0.08
SAHA 0.21 0. 05" 3.74 £0.25%
ik 0.60 +0. 12 2.08+0.11"
LB 0.34 +0. 10" 1.77 0. 12
2.2.3 X #FF MDS B #F BMMNCs A7 HDACI,

GATA-1 mRNA %Kik 575 {14 b, SAHA 4
GATA-1 mRNA 7K~F i % |7+, HDACI mRNA 7K~F
TR (P <0.01); $k 1E 4, #£ A 4 GATA-1
mRNA 7K5F8 & -7+, HDAC1 mRNA 7K F B i F %
(P<0.05), W37,

2.2.4 X F 4l MDS % BMMNCs 1 HDACI,
GATA-1 £ 525 {4l SAHA 41 Figk Al
2] GATA-1 EF /K EFH (P <0.05),HDACI
HHAKFI R TRE(P <0.05), WK 3,%8,
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®7 HKE.ZMTFHMHSA MDS 5 BMMNCs 1§ HDACI,
GATA-1 mRNA RiEKFELEE (2 +5,n=3)

Table 7 HDAC1 and GATA-1 mRNA expression levels of
BMMNC s in higher-risk MDS group after treatment(x +s,n =3)

21 31 HDAC1 GATA-1
25 1.00 0. 04 1.00 +0. 13
SAHA 0.15 +0.07" 6.36 +0.77%
RIE 0.44 £0.08" 1.09 £0. 08"
1L 0.20 £0. 06" 2.11 0. 12"
mact D TN . .

GATA-1 i R S S 55 ..

fractin [ M- W - 12 kDa

A B C D
B3 HIEZEBTFHMELE MDS F BMMNCs 1 HDAC1,GATA-1
BEBERIERIK
Fig.3 HDACI1 and GATA-1 protein expression levels of BMMNCs
in higher-risk MDS group after treatment

K8 HIE.#IFWMELH MDS 5 BMMNCs # 5 HDACI,
GATA-1 EHRIZEKFELLE (v +s5,n=3)

Table 8 HDAC1 and GATA-1 protein expression levels of
BMMNC s in higher-risk MDS group after treatment(x +s,n =3)

2H 9 HDAC1/B-actin GATA-1/B-actin

= 1.00 0. 13 1.00 £0. 10

SAHA 0.15 +0.07" 3.46 +0.37"

HRIE 0.47 +0. 08 1.19 £0.08

il 0.40 +0. 06" 2.21 +0. 12"
3 g

MDS i & M D e o FEOh 4 B =&
RS SR E IR B BE Y AR = R 0E BR HLAE B 3
R I 7 — i 3 o T 200 M0 R SR — R
o & 2 4 JE A 40 s . MDS R BLH 2 4k
FEW 35 A5 2% oA G ASXL1, EZH2 25 Y {5, [ & i #H]
KI5l M4 & & 5 MDS (1A~
RSB IAEC . 75 MDS 40 i bk o, 75 35 A e
A3 o BRI HDACT (%7K ~F- B G,/ G, Ji] 49 410 il
MDS i g 5" . AT H, IE R (18,
f&-1) X i M (R fE-2, B &) MDS g% BMMNCs
) HDACT 7K 7 2 58 0F 5 2 W o o, ik vh 2
T AT 3 M A HDACT K, 5B 4h, 3 1l R 45 %
ST GATA-1 5 MDS M yA 4 %% 1M 49 I R 2 3
AR EEFLRP W AT GATA-1 7] LL#
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WS P T 1 Bel-xL {1 28 1K 0 i 5 2T 40 i
T A5 B & 88T GATA-1 flkR ik Y MDS &
FHHCIE e 18 GATA-1 () MDS B3 %% I 72 B 5
FEEE % GATA-1 (R V5 MDS 4T R4 L B % 4
ST AR R IE R (RS, a1 KR
I (hfE-2, 5 fE) MDS B BMMNCs 1/ GATA-1
TS E R B W R, HL3E A 2 T eSS
75 GATA-1 K,

29T B8 GATAL [ 33K 5 2 Wit 1% 19 4
PEA O, G 21 40 M 09 i, HDACT B 450 S 1k
TR B 2 Tk, IRl B GATA-1 IR A7 AE T 48 Ml 4%/
PRTE 4 A5G 2 Bk & (NuRD) & & 9 ™, R
HDACI 5 GATA-1 [ 2 5 T 4L R /b il /2
A5 K4 HDACLAE H 5 HDACL Rk /KR
R [ B GATA-1 B W 7y, 9 35 3R 58 & i A G
PR (RAE, P fa-1) K EE AL (P -2, mifE)
MDS i #% BMMNCs £ #% 1E . #£ 8t 25 T Hl )5
HDACI, GATA-1 7K - 2 ¥ 5 HDACI 2 [q] /£ F #4
M [R] R 25 2 0] T BH 8 22 5

R 23R Y7 MDS 7E203% MDS B35 i IR E AR
O T AR F BT Iz UESE . MDS A BE g
S CRETE ST N AL AS I AR S, EUE Y LN
L, BT T MDS AN R B UE AL AR 3 IR
M CORSEET R R L 2 AF Ok MR R I R
FPE S AR T MDS (£ 5, B4 MDS Hr s
HLEI I 5 i S8 28 o 24 BLAE 5 th 3F S fik
JELRN B e 25 90 UE it A T 0 MIDS B8 3 il R 98 1A
I A ) B 0 R A O R R O T A i
BEAME T R 2 R T D 1 O L A 2 o
2% MDS £ 5 235 (A 2 ME Fn e e ML ¢, DL & H
X 20 B [ 2 WAk 25 5 6 R 5 I G T 45 SR 0
— 2 [l B T 140 5] MDS £8 35 B I R ¢ ), 1 4
WMRFZ e+ LviF 4P A s R =
L6 BREKIE AEAAZ L2 . Hoh R 2 kb g U,
R Na = SN = N O R 7 A R D11 o = G R B
K, 20 0T AN B U RFR I, 2 7 AR RS 0t 3
WA A f AN 2 24 5 AR e B B R AP
T 01 1 P =730 | o114 o (1 A S R 1 3
STy Nt = O 111107 I N (1107 A A
B, A I, B8 TR I A % . A R R T
rheyiE 5t M) K HDACT (SAHA) 73 5l % MDS i %%
BMMNCs 418 H & Bt b S 21 5 5% 58 B F K - 52 1
AT, & B2 v 25+ il J§ BMMNCs H i) HDACI
mRNA FlE 7K 155 2 T 4, GATA-1 mRNA Fl

HHAKFB_ETE, SR 3k 0E A58 b 2y Al g i i i
A O WA K P 32 8 21 5 B SRR, AT 2535 21
AIGE . R, UL A% 259 SAHA + Fil 5 , MDS
H & BMMNCs 1) HDAC1 5 GATA-1 Fik & 7 4H
K, Hop 25 HA MR R AV Tl 3, th A ALt
AT BB /E HDAC ¥ 4% £1 R 5% 5 0945 5 3 i, Wik
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