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Abstract: Objective To explore the specific mechanism of ginsenoside Rha(S) inducing the apoptosis of leukemia cells. Methods
The effect of Rha2(S) on proliferation of leukemia cells K562 and KG1a was measured by cell counting kit-8 assay (CCK-8 assay). The
growth states of cells were observed under the inverted phase microscope, and cell cycle distribution, and apoptosis were determined
by flow cytometry (FCM). The expression levels of HDAC6, HSP90, Akt, GSK-3f, B-catenin, and cell cycle apoptosis related proteins
were ascertained by Western blotting. Results The results of CCK-8 showed that Rha(S) had the most obvious inhibitory effect on the
proliferation of leukemia cells. Rha(S) significantly induced apoptosis and led to cell cycle arrest at Go/G1 phase of leukemia cells by
FCM. While the microscope observation showed that the number of cells was decreased and normal cell morphology changed. Rha(.S)
decreased the expression of Bcl-2, Cyclin D1, HDAC6, HSP90, p-Akt, and [-catenin and increased the expression of Bax,
Ac-o-tubulin, and GSK-3 by Western blotting. Conclusion Rha(S) can effectively inhibit the proliferation and promote the apoptosis
of K562 and KGla cells, its specific mechanism may relate to inhibitting the expression of HDACS, resulting in a decline in the
expression of HSP90, so as to further inhibit the activity of Akt activation of GSK-3, and finally inhibit Wnt/B-catenin pathway.
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N2 Panax ginseng C. A. Mey. AN H.In#
(Araliaceae) 1HY), HAMKAMLGH S, aTHT
ZRERIIGYT, ASRERMAS R
BEEHRNS . DMRGH AR, A\SEHEA
WEEHIAR S f1 . BB DI ThRE . Pik . PLEAL
PR RS FND ) g S A s e o, A
Z I Rhy(S) (Rhe-S), B 20(8)-J8& A S —JE-3-0-
B-D-ML W 8] AW EF, X I . 45 e AN B RIJR 55
22 T e 35 2R 0 R IR0 () e e Rg R FH o

IR AR, MRRSEEMNE S, HiE
H % OB (HDACs) F R 3Rk 5 s ik AE
MERAZEVIRR, HFitk HDACs # A2 MR
7 VA RE 123, o HDACG BONFRIR, JLEERT
Az S 5SHEAR OB, X rifEdiig
iz 5AEHE A B CMAEE, FEE B s
FIiEW, MO NHE] HDAC6 158 RIE/ENTE
IT L Y R SRS 2 — o

PR, A SRS LA ML KS62 A1 KGla 4Hi
W R, ML B LA B FERTE 78 Rho-S X
K562 Al KGla ZH 8 T f4F FH KL o

1w
1.1 #HAa

K562 1 KGla 4f i) H _Fi ATCC 40,
SIS & FAFHIRAT

1.2 AR5

Rho-S W H sl & Wik Bt A R AR JRES
#798%, MUST-14010805); KiGffaF1fiE (FBS)
A1 RPMI 1640 1577 58 H 3% [F Gibco A#]; CCK-8
TAEWIE HEE Sigma 2 #]; WPL AN HDAC6.
HSP90. Akt. p-Akt. GSK-3pB. B-catenin Fll p-B-catenin
i H 3£ [F Santa Cruz 2~ &5 % $t A\ Bax.Bcl-2.Cyclin
D1. B-actin H.ow FEHUAA S BARDRIC L E 40/ BUF L
FhR 1gG ZHiHW T % Cell Signaling
Technology ‘A 7 ; Western blotting 41 i 24 f# % . BCA
T I E 77 B A0 SDS-PAGE I fic & 7 &
I AILT = RAEY A7) Annexin V-FIT-C/PI
MG 20 A AR &0 i e AR R R
FRAF
1.3 {425

MCV-B161S (T) i TAEfH (Sanyo A H]);
CKX41 3 & 24 (Olympus A ); BS124S T
FRF (Sartorius A ]); 3K15 i = 0L (Sigma
AT 1510 BEFRX (Thermo /A ); 043BR42402

HE B HLPK X . ChemiDocXRS 1k % & it & 4
(Bio-Rad A #] ).
2 ik
2.1 YHBEIESE

K562 fil KGla dffili 7= K& 10%KiE FBS
£ RPMI 1640 15775, 37 ‘C. 5% COL {AEE T
WIREFE, B 2~3 R K.
2.2 CCK-8 JA#&M4HpasE S

W Ab T A K K562 Al KGla 40 g% b
T 96 FLIR, MU 1X10%L, 4L 100 pL.
WXL 2y RS A4, 45 MEFL. Rho-S
Y DMSO W flfke, WEEA 204 40, 60+ 80
umol/L, 4}Hl%53% 24, 48, 72 h. MERT, LN
A 10 uL CCK-8 AR, RHIRA, SRELIEH R+
2hJE, BRI CTAERKA 450 nm) M EIROGSE
(A fH. THHEN EES LR REN R/ ME, RE
3INEMEA, HHEARE .

AMLIE JT=(A 50— A 2e)/(A A 1)
2.3 AR sCZHAR AR 4G 28 A FE) A

O B4 K3 K562 A KGla 40fE, BA 1 X 10%/L
(25 FERERN . NN 60 pmol/L Rhy-S 75 541 /0 24 h,
WAL, TRV PBS BRIk 2 1K, 75% LB E
b, A PLARFISth, Tivs PBS Piik 2 %, Wk
YA AT B 3. SEIRE R 3 IR
2.4 RABEAR A AET

HUnH 82 K3 K562 A1 KGla i, BL 1X 10%/L
(25 FERERD . NN 60 pmol/L Rhy-S 75 5410 24 h,
WA S Am M, TiYA PBS ek 2 WK, %18 Annexin
V-FIT-C/P1 XG4 B A A7) S idd B 15 25 AT # AR
R R P T SR EE 3 IR
2.5 Western blotting S5 MHH X EHFTIX

Bt #2E K 3 K562 A KGla 40, BL 1X 10%/L
25 FE 2R . NN 60 umol/L Rhy-S 5 S 41 I 24 h,
WCEE S AHam i, FivA PBS Wik 2 K, I\ Western
blotting /¢ 1P 4HALMER, VK E2# 30 min, A
30's, 12000 r/min &0 12 min, 375 RI 40 A A
W, A BCA B IR e & e B E ik
FEo HUH 30 pg B AR, 10% SDS-PAGE HLik)E
HL% % PVDF i, S%MIE49 T =i FE M 1 h,
—¥ 4 CHEWE 16 h, —HiFMBEHH N HDAC6
(1:1000). HSP90 (1 :1000). Akt (1 :2000).
p-Akt (1 :1 000). GSK-3B (1 :500). B-catenin
(1 :1000) p-B-catenin (1 : 5000, Bax (1 :500).
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Bel-2 (1:1000). CyclinDI (1 :1000) FI B-actin
(1:2000), PN 1110000 Fikk., TBST ¥k 3
R, £HK 10 min, 18 Bio-Rad K G/8A% R SR
SIS EE 3 IR,
2.6 ZitFAIE
SKH SPSS 22.0 #A%F S5 TS it iE 4T G
AhER, FTE B X £ Fon, P 4L SR
LSD £33, % 4[] bR H LR 35 07 Z 90 iid:
3 #R
3.1 Rh-S %t K562 1 KG1a ZRAE 895200
WE 1 FiR, Rho-S 7EARREE R ¥ R840
K562 1 KGla 4% /7, I 52 W LRI [RMORE -
REF5% 24 h I, Rhp-S % K562 F1 KGla 40 2 K
HRIE (ICso) 403124 80 82 umol/L; #57% 48 h
I, ICso 73514 60+ 64 pmol/L; ¥53% 72 h I}, ICso

100+

--24h K562

S 80 —-48h "
Jr‘_i{r =472 h
EE
=
i
poing
5 404
g

20

] I 1
X 20 40 60 80 100

Rh,-S/(umol- L")

3N 48, 44 pmol/L. HR4ELL L4555, % 60
umol/L 1 5 25558 Rha-S IR AL .
3.2 Rhy-S ¥t K562 1 KG1a A5 E 2RI 5200
5N 2 fis, Rho-S %5 24 h J5, K562 4H
il Go/Gy W4 EL BN (53.94+2.12) % [XFHEZH N
(39.85+1.28) %], KGla 4l Go/Gy 140 L4y
(49.42+1.13) % [XTHR41 N (33.304+2.08) %], 5
SR LR B TR (P<<0.01), BB Rhy-S 71K
K562 1 KGla 40 i BAFH S E Go/Gy .
3.3 Rh:-S ¥t K562 1 KG1a AR ET-HI SN
5N 3 Fios, Rho-S #5524 h )5, K562 41
MO T3R8 (6.1430.35)% [XTHRZH M (3.444-0.20) %] s
KGla UM T2 A (19.60+£2.08) % [F RN
(3.801+0.26) %], L FRAL LA B2 T (P<<0.05),
P Rho-S B ARE3E K562 Al KGla ZHH0H T,

80+ —e-24h KGla
= 48h 1
60 -+ 72h

2 B0 AR 2 /%

X 20 40 60 80 100

Rh,-S/(umol- L)

HXERALLE: "P<0.05, FH

“P < 0.05 vs control group, same as below

1 Rh:-S X} K562 1 KG1a 4HREIEFERIFZNG (X s, n=3)
Fig. 1 Inhibitory effect of Rh2-S on K562 and KGla cells (X L5, n=3)
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Fig. 2 Effect of Rh2-S on cell cycle in K562 and KG1a cells (X £s, n =3)
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3.4 Rhy-S X K562 1 KG1a AfHY EHAFUET- X%
%EEE’]E’ 1]
R 4 fis, Rho-S 355 K562 F1 KGla 41
E@ 24h JG, SXTRRAE, RIETIE A Bax 50
T-8 H Bel-2 B HCER N FIHIER A Cyclin D1 &KiA
KFFEIL (P<0.05). UiHH Rho-S ATLMEIE K562
A KGla T, A RPN 40 R .
3.5 Rh;-S X HDAC6 R E TiFEBEFRIARF M
SZERANE 5 T, Rho-S 155 K562 Il KGla 48

124 h f5, HxFHEAELEL, HDAC6 Hl HSP9O A
FIEK T B (P<0.05), o-tubulin £ [F#RiA
KA, {HE Ac-a-tubulin 85 A # A KT
FTHE (P<0.05).
3.6 Rh:-S X Akt/GSK-3p/p-catenin 155 &E KM
E; ur]

Western blotting ££5Mll Akt/GSK-3B/B-catenin
G AR R H R EN, 45 R WA 6. Rho-S
755 K562 A KGla 41l 24 h J5, SxfRE4LL0ES,

st R -
? ST LS 104 Kby
]
103 i 103
K562 102 ] 102
100 B . 10° : ) SESSEy— 15+ xR
0 l 12 3 4 0 1 2 3 4
=| 10 100 102 10° 10 10 10' 10> 10° 10 CIRh,-S -
4 1 °\° %
10 1043- % 109
10° 1o3§ ?ﬁ
KGla 2 | | ; 2 59
L I | o] e
10" { 3| 1014 ;
| { 0 T T
100 2 ! 00 _ — K562 KGla
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Annexin V-FTTC

»

B3 Rh-S Xf K562 1 KG1a 4AUAT- A (X £5,n=3)
Fig. 3 Effect of Rh2-S on apoptosis of K562 and KG1a cells (X x5, n=3)

2.0 A . -
‘ KS62 o 3 KGlai gxﬂa
g i Rh,-S
Bax .- - - 1.5 O3 Rh,-S E;‘})H 2
—-— -R'x w2
Bcl-2 - — 2., §
. ‘ =199 =
% Rhy-S X Rh,-S |-'"-| ’-tl
0 0
K562 KGla Bcl-2 Cyclin DI Bax Bcl-2  Cyclin D1

B4 Rhe-S 3f K562 #1 KGla B AR RATHXERRENFM (X £s,n=3)
Fig. 4 Effect of Rh2-S on expression of cell cycle apoptosis related protein in K562 and KG1a cells (X xs,n=3)
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Fig. 5 Effect of Rh2-S on expression of protein related to HDAC6 pathway in K562 and KG1a cells (X £s, n=3)
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2.57 2.01 H
p-Akt [ — - 1 D s ig K562 I xf e KGla
2.0 = UR * 1 O Rh,-S -*.
Akt D S s e EE 157
f ] ®
GSK-3p e - w-—— Z 10-
i S *
p-B-catenin MR - S — ﬁ 1.0+ . E *
* i
B-catenin - [ — HH 0.5 05 H H
B-actin S S — 0o J 0 r Y T Y T
p-Akt Akt GSK-3B p-B-catenin B-catenin p-Akt Akt GSK-3f p-B-catenin -catenin

KR Rhy,-S XtH®  Rh,-S
K562 KGla

& 6 Rhz-S ¥t K562 1 KG1a £HHfl Akt/GSK-3p/B-catenin {5 =@ REARILMEN (X £5,n=3)
Fig. 6 Effect of Rhz2-S on expression of protein related to Akt/GSK-3f/B-catenin pathway in K562 and KGla cells (X £s, n = 3)

GSK-3p H HFRIA/KI-BESE S (P<0.05), Akt
HRIEKFEE RED . T p-Akt FKIEK PRI
(P<<0.05), #i# Akt FIIEPERFMK . Wnt/B-catenin {5
5 108 % A 5 e e 2 P v S kA A R e O
45 R Rhy-S 55 K562, KGlagiffi 24 h J5, 5
SHEA LHE, p-B-catenin ik KT AKX (P<<0.05),
p-B-catenin/B-catenin %, UtEH Wnt/B-catenin 155
T PR A A

4 g

BT, A7 253945 A R i m e, 6 iE
UM BRI AN R BRI, TR E R AR
AERE. MAS. =4, AFESSHEDIRZE R
HUHCRR) Rho-S J& TR AZS ZRE R 28, BA M|
Jboe 2 PR B (R e 20 PR T RN R e ML A
JIEEAERDL, FR AR, et m &R
M, BRI TR MSERS, ARl CCK-8 S
BOAUESE Rhp-S 7E— 5 W BE V0 [l A 4] K562 H
KGla ZHJ0HGTE 1R, I 52 B A TR AR 12
FCM #5125 FHIESE Rho-S GEfEE K562 Fl KGla 4f
T . Western blotting yEALMIE % -2 1 Bax
PR A Bel-2 SR MERIAHN, K Bax/Bel-2
MILLEIE N, Chung 5O 7L R B Rho-S 7] LAFH A
P I 20 B HL-60 Al U937 ZHPAE Go/Gy 3. AHIT
FEERE W], Rhy-S GEEH K562 F1 KGla 40 & ¥
FHYHFE Go/Gr 1, HLEEHIH] Gi/S JHFs = A I SR B
D1 (Cyclin D) 3. Fik, N Rho-S i
K562 F1 K G 1a 2 14 5 55 BH i 40 B i SR AN g gk 1
HR.

HER 125 LA 2 A A& 5 g 1) R AR
REAZEVIMKR. Bil, OF 42518 Ml s
HDACs 58|#iik: 128 (HDAC1-3. 8); 112§ (Ila
J%: HDAC4. 5. 7. 9; IIb 2%: HDAC6. 10); III

25 (SIRT1-7); IV 2% (HDACS. 11) V1, H:ifh HDAC6
J& HDACs FIEHMARGEN—R, RIERSF 2
ME OB DIREX, AIRER AR E AR,
2 5307 A2 AR PR i FEE RS, R RRZE R T
FRMH, Rho-S BEMEAIH] HDACs i 1 I A i 4
HARBOL, ROFALEFAEH T Rho-S REGE
K562 F1 KGla 40l HDAC6 %ik. HDACG6 it
K MAA HSPI0. a-tubulin Z511, Rh,-S REALA
il HSP9O fZi& 34N . Bk ¥) o-tubulin 25 1
ik . B, W Rhy-S 414 K562 A1 KGla 44
B BELT 4 M BRI 2 T2 5 HDACG 15 5l %
P

HHF9 NN, HDAC6 BE ¥ TS 5
Akt/GSK-3p [JERIFRIA, I HAEW 45 /B-catenin
(1) ZIEA IS DD . AKY/GSK-3B 135 Sl Bk 2 5 541
WEFE TR E LSRR MR R R AR R SR R
7 EEERN, GSK-3p 1E A4 A & 22
RIR/ P E R, & Akt MEZRY), [F,
GSK-3p i&2 5 Wnt/B-catenin 15 5 18 B S
N4, Western blotting 45 8 E 7%, Rhp-S AEE %
fiX p-Akt FIRIEIKF, $&m GSK-3B HIFRIEKF-.
B-catenin AEH5 S SRS ANMIE T2, G 5E AN HIRH A
FonFrIRE, LRERER Rh-S BRI
p-B-catenin &K [ R IEKF. Ft, AN Rh-S &
JEIL I HDAC6 Rk, M Akt {5 5@ %, 2k
i) Wnt/B-catenin 15 5, SCHNH] K562 Al
KGla 4H B3 5E I 1E H .

2k EJTIR, Rhy-S BEAIHH] K562 A1 KGla 415
S, 5 SAM R IARITE Go/Gy 1, JF (k4 i 7
T-. [A}, Rhy-S #fil] HDAC6 fI3i%, S HSP9O
KIEKFFFE, #E—DH0H Akt/GSK-3p/B-catenin
{55188,
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