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Anticancer Effect and Molecular Docking Mechanism of 24-OH-panaxadiol

ZHENG Qian'*?, WANG Zhao-hui’, QI Zeng’, LI Ping-ya’"
(1. Shanxt Medical University, Taiyuan 030001, China;
2. School of Pharmaceutical Sciences, Jilin University, Changchun 130021, China;

3. Center for Transplantation Sciences, Massachusetts General Hospital and

Harvard Medical School, Boston 02129, USA)

[ Abstract ] Objective: To investigate the effect of ginsenoside 20 (S), 25-epoxydammarane-33, 128,
24 a-triol (24-OH-panaxadiol, 24-OH-PD) on inhibiting proliferation and inducing apoptosis of tumor cells, and
explore its mechanism of action. Method; The inhibitory effect of 24-OH-PD (12.5, 25, 50, 100 mg-L’I) on
proliferation of CCRF-CEM, M14, MD-MBA-231 and Jeko-1 cells with different treatment periods (24, 48, 72 h)
was evaluated by methylthiazolyldiphenyl-tetrazolium bromide ( MTT) assay and CellTiter Glo® test, and the
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results were then compared with 20 (R) -Rg, and 20 (S) -Rh,. Flow cytometry was used to detect cell apoptosis
caused by 24-OH-PD. Besides, the potential anticancer mechanism was studied by docking analysis with 40 cancer
related proteins and 24-OH-PD by using drug design platform Schrodinger Maestro 6. 7 Software. Result: 24-OH-
PD inhibited the proliferation of all the 4 cancer cell lines significantly in a time and dosage dependent manner. The
IC,, value of 24-OH-PD on CCRF-CEM, Jeko-1, M14, and MD-MBA-231 cell lines was 25.36, 39.29, 21.74,
and 19.35 mg-L-1, respectively, similar to 20 (S) -Rh, (IC,, 23.35, 65.79, 18.95, 19.67 mg-L™') and
much better than 20 (R) -Rg, (only effective for Jeko-1 cells, IC,, 49.5 mg-L™"). Annexin V/PI double
staining experiment showed that 24-OH-PD could also induce apoptosis of the 4 kinds of cancer cells (P <0.05) in
a dose-dependent manner. In the molecular docking test, 24-OH-PD was docked successfully with 11 tumor related
proteins, including purine nucleoside phosphorylase ( PNP), protein tyrosine kinase, protein kinase C ( PKC),
B-cell lymphoma-2 (Bcl-2), B-cell lymphoma-xl ( Bel-xl) and Caspase-8 et al, which demonstrated that the anti-
tumor effect of 24-OH-PD may be related to the direct effects on these proteins. Conclusion; 24-OH-PD could
inhibit cell proliferation and induce apoptosis for CCRF-CEM, M14, MD-MBA-231 and Jeko-1 cell lines, which

may through directly acting on Bel-2, Bel-xl, and other proteins.
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24-1H NS LIS 20141207, A E A 20
(R)-Rg,,20(S)-Rh, i NS0 259 & [ 52 3ih Jr
BEA TR o 248
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2.1 ZiY ey md A2 B 24-0H-PD,
20(R)-Rg,,20(S)-Rh, , im A — & & — H FE TR, 53
S0 B0 M R 10 g LT VAR, 4 CARAERR
et T A S04 L 3% 5% 9 A B, BT i R 2 A 1000, 500,
250,125 mg-L~',

2.2 YiffiEsE  CCRF-CEM,MI14,MD-MBA-231 41
fikk A & 10% FBS f) RPMI 1640 40 il £% 5% 3,
Jeko-1 40 g % JH & 20% FBS Y RPMI 1640 41 ity 3% 5%
B CE T 37 C 5% CO, 54 FEEE %,

2.3 MTT #: 0 40 st s Bt M14 ,MD-MBA-231 4
JiL, LAAEFL 1 x 10" A~ 40 i 42 T 96 fLAR. 37 C
5% CO, M8 18 h, I A & A [a) J5t i Wk B 25 W 835 55 W
(0, 12.5, 25,50, 100 mg-L™") , 4k&L 1% 5% 24,48,
72 h JE sk MTT Lb 8 ik & ) 240 fa 3% 7,490 nm
FHEG RO 22 HW O RE A, i s H A 2 H
YR R R AL AN A B 2 2 A

2.4 CellTiter Glo® &5 5C 55 &l & L ik - K
CCRF-CEM F Jeko-1 Z Jitl , 2 i 9% & . Jin 24 i 5 56
i E A 2.3 Wi, CellTiter Glo® i 71 4 M 13 B 5
AR, SC0 AR 3 57 AR = R CE A 30 min, B AL DA
CellTiter Glo® i 100 WL, 72 37 V- J5 B bm A D 5
R

2.5 g =2 P B R K 4 B R T % % CCRF-
CEM, Jeko-1, M14 1 MD-MBA-231 41 il , 4% I8 45 7L,
2.5 x10° A~/mL 41 i 45 Ff 2 24 FLAR, % 25 (40
I AN 25 25 2, 43 BN AAS 8] 5 9 & (1) 24-OH-PD
VW (0, 10, 20, 30, 40, 50, 60, 80 mg-L™")
50 pL, 35 5% 48 ho T AL U SE 40 L, FACS 2% o i ok
J5 3% 3%, LA FITC-Annexin V 5 pL, PI 10 uL, i
JEHFE 15 min, K 40 MK T 40 e TR
CellQuest A4 i 47 Uit =X 41 i AR £ 4 R 4 |, Flowjo X
AR UEAT B A B, SR A 3 WK
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Table 1 Cancer-relevant biochemical targets
# BOE st
H 126 S R R (PTK) IM17  [9]
1XKK
1T46
H F#EE C(PKC) IXJp  [9]
3PFQ
4RA4
A )R R A -9 (MMP-9) 1L6] [10]
1CK7
Bk N(APN) 4FYT  [11]
YL {5, % P450 1A1(P450 CYPI1A) 2HI4 [12]
22 ZLF O TR 11 R (p38a MAPK) 1P38 [13]
3PY3
M 5 H T ( Topoisomerase ) 2RGR  [14]
15C7
AN AAK N FZ 1Kk 2(HER2) 3PPO [15]
YR ( TLMA) 3DUS  [16]
5 2 BRI F2 W (ODC) ID7K  [17-18]
AW W 5k T S ok SV % 2, Bisindolylmaleimide [T 1SZM [19]
RIRAT R AE R S W -1 (PARP-1) 4PJJ [20]
2 i V& 9 2 (o A I ( CDK) 2BHE  [21]
10IR
B bk L 200 Jifa g A PR -2 (Bl -2) 2W3L  [22]
B bk 2L 240 it 98 25k AL -x1( Bel-x1) 2YX]J [22]
B B 40 M 1 B R -1 (MCL-1) 3KZ0  [22]
4 1% Z B EE (HDACs) 20Q]  [23]

Bk BRI K A R KRS 10X3 [24]
( Caspase-3)

T oF e A BR Y R & 44 MR R H K i M-8 20272 [25]
( Caspase-8)

Wt il 45 R (thymidylate synthase) 1Jur - [26]
M8 N2 KA KA T (VEGF) 2XV7 - [27]
2 0 3% T 52 1A i SRR TR ( c-Meet) 3GOF  [28]
VEE I % 1Y 1R 9 . AL Il ( PNP) IRT9  [29]
# [1H B(PKB) 3CQU  [30]
F A KEF (EGF) 11VO [31]
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Ho#% il i # AR 2R 1 PDB ID S A 40 S AR 25 44
Al protein prep A HCAR Ak b A (3 AT AH G i b
PEFNE B AL A0 A, 150 B R B L B 2K )
+, ik A K OPLS Jy e i e /ML 3, KI5
B5E RMSD 7 0.30 A, LIy = 4k 25 f fiyg wrge 2,
i FH receptor grid generation % £t VEWE M 48, )
i VAR 245 4 B IO 2 o T AR, DAL Sy v W S 7 A
TR 7 S AR AR, BB TR/ 200 A4 g x4 X
i F§ Maestro Elements 2.2 } Maestro [t Lig prep f&
Hoxt 24-OH-PD #E47 3D Ak hnak P& &0 I s Ha oy 55
AR AL, 3% A OPLS3 4+ J1 37, ffi fig & s AR Ak
O3 F XF R 25 SR R i B 2 15 Maestro
GLIDE 6.7, ¥ A 33 4b ¥ (1) 25 11 F1 24-OH-PD , 3% H
XP (AN ) B2, $EAT k55 04 I A& 3R AR
G5, PyMol ¥ X 422 SO AT S, ik R T B
(R A P B R e 1 T R R R
3 #R
3.1 24-OH-PD X4 3% J gl A W) o2 o v &8
F 24-OH-PD (12.5,25,50,100 mg- L") &b 3 24,
48,72 h J5 CCRF-CEM, Jeko-1, M14, MD-MBA-231
UMY TE 7 ,24-0H-PD Xt L) I 4 Fh i 38 B4 K [H
2R AR 0 (P <0.05) , H 52 [A] 50) o 4K i 5¢
#,24,48,72 h A G it Lo M2 % . 24-0H-
PD ) M14 i igs 40 MO 7E 24,48 ,72 h (1 F 5500 il
WeBE (IC,,) 4%k 25.73, 21.39,22.10 mg- L',
MD-MBA-231 it 58 41 g 1C., 4% %1 & 30. 16, 19.05,
19.98 mg-L~"; CCRF-CEM fi % 40 Jfl 1C,, 3 51 N
34.41, 26.95,25.74 mg- L~ ; Jeko-1 {84 4 jfg 1C,,
435124 50.00, 38.16, 36.82 mg-L ™', W% 2,
24-OH-PD 1 20(S)-Rh, Xt 4 Fhig 40 g 34 B 7R
I N T - 1 I S = N S [ o QK A 1
20(R)-Rg, AKX B bk E 241 g 40 0k (Jeko-1) £7 —
S8 M 4 (1C5, 49.5 mg-L™") . 24-OH-PD 4
CCRF-CEM, Jeko-1, M14 #1 MD-MBA-231 41 jifd {1y
IC,, 4% % & 25.36,39.29,21.74, 19.35 mg-L~';

20(S)- Rh, 4» %l & 23.35, 65.79, 18.95,
19.67 mg-L ™' 323,
3.2 24-0H-PD S UMM T-MWIER  FITC-

Annexin V/PI UG5 7w, 525 (41 #,24-0H-
PD XJ 4 F i 4 i BA7 A [ A B 4l A T A T (P <
0.05) , HE2 M k#it:, Wik4,
3.3 24-OH-PD HHpfifE AL S X% w5 32
AR RE A DG HE L HE AT RS B 0T 42 R AR 9 R iR L 1
ANEHWIY S 24-OH-PD fE7e A EAE M, Wk S

.84 -

#& 2 24-OH-PD X} CCRF-CEM, Jeko-1,M14 1 MD-MBA-231 4§
MEABHME (2 £5,n=3)

Table 2  Effect of 24-OH-PD on cell viability of CCRF-CEM,
Jeko-1,M14 and MD-MBA-231 cell lines (x +s,n=3)

Jo R R

4 Jfg /gL 24 h 48 h 72 h
CCRF-CEM 12.5 0.96 +0. 08 0.94+0.11  0.99 £0.03
25 0.77 £0.08”  0.61 +0.06% 0.55 =0. 15
50 0.20 0. 08% 0¥ 0.01%
100 0? 0¥ 0¥
jeko-1 12.5 0.92 0. 06 0.91+0.07  0.91 £0.02?
25 0.87 £0.07"  0.82+0.07% 0.81 =0.11"
50 0.54 £0.07”  0.29 +0.02%  0.25 =0.07%
100 0? 0¥ 0¥
M14 12.5 0.97 +0. 10 0.99+0.07  0.99 £0.01"
25 0.43 £0.16”  0.28 +0.05%  0.30 =0. 18%
50 0.23 £0.13”  0.20 +0.05% 0.03 =0.01%
100 0.05+0.03”  0.04 +0.06” 0.02%
MD-MBA-231  12.5 0.90 0. 12 0.91 £0.02% 0.93 £0.07
25 0.59 £0. 142 0.19 £0.08%  0.23 0. 12%
50 0.27 £0.08”  0.02+0.01% 0.01 =0.02%
100 0.01 0. 02% 0? 0.01%

TE 5 ALY P<0.05,2 P <0.01(£3,4 ),

%3 24-OH-PD,20 (R)-Rg;,20(S)-Rh, ¥f CCRF-CEM, Jeko-1,
M14 #1 MD-MBA-231 4R iE A I M (2 5,0 =4)

Table 3 Effect of 24-OH-PD,20 ( R)-Rg; and 20 ( S)-Rh, on cell
viability of CCRF-CEM, Jeko-1, M14 and MD-MBA-231 cell lines

(xxs,n=4)

855071953

EHHTES /mgeL-! 24-0OH-PD 20(R)-Rg, 20(S)-Rh,
CCRF-CEM 12.5 0.95 +0.09 1.07 £0. 03 0.97 +0.03
25 0.52+0.19>  1.09 +0.03 0.40 +0. 12%
50 0.01? 0.96 0. 02% 0¥
100 0> 0.75 £0.04% 0?
Jeko-1 12.5 0.91 £0.06"  1.07 0. 18 0.93 +0. 08
25 0.85+0.08"  1.07 £0.07 0.92 =0. 11
50 0.30 £0.02>  0.43 £0.08%  0.67 £0.08%
100 0% 0? 0.26 +0. 4%
ml4 12.5 1.00 +0. 07 0.86 £0.05  0.75 +0.03%
25 0.30 £0.03>  0.89 +0.08 0.31 +0.03%
50 0.19 £0.03%  0.99 +0.25 0.13 +0.01%
100 0.03 £0.072  0.93 +0. 02 0+0.05%
MD-MBA-231  12.5 0.90 £0.022  0.94 £0.04”  0.90 =0.01%
25 0.21 £0.09%  0.86 £0.01%  0.24 +0.05%
50 0.02£0.012  0.91 +0.01? 0.01?
100 0% 0.73 £0.03% -0.01?
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%4 24-OH-PD %f CCRF-CEM, Jeko-1,M14,MD-MBA-231 HAMA TR FEM(x +s,n=3)
Table 4 Effect of 24-OH-PD on apoptosis rate of CCRF-CEM, Jeko-1, M14 and MD-MBA-231 cell lines(x +s,n=3) %
25 4 TG VR B /mg- 17! CCRF-CEM Jeko-1 ml4 MD-MBA-231
2= - 11.60 £1.53 19.88 £9.19 10. 11 £3.33 10.52 +5.27
24-OH-PD 10 12.32 1. 10 19. 67 +3. 44 13.94 +3.56 10. 84 +4.53
20 13.27 +0. 85 21.94 +3.13 14.73 +1.96 9.82 +3.60
30 26.79 £3.22% 29.13 +0.98 24.44 £1.84% 22.49 £4.43"
40 83.06 8. 132 38.12 £4.16" 28.62 £2.13% 33.83 £8.55"
50 93.55 +6.22% 53.35+7.77% 62.19 +8.31% 68.97 +7.88%
60 93. 64 +3. 547 95.62 +4. 687 80.95 £7.56% 82.54 £4.08%
80 93.69 +4.32% 95.29 +5.09% 95.11 1. 85% 91.30 £2.07%

®5 24-OH-PD 5EEHXEANS FIE
Table 5 Molecular docking of 24-OH-PD and cancer-relevant

biochemical targets

[idE| PDB 45 &S HEZE  HasKk/A

PNP IRT9  -5.196 PRO-62 1.9
ALA-116 1.9
MET-219 2.3
ALA-116 2.9

PKC 3PFQ  -4.012  ASP-427 1.85
GLY-426 2.6

W 1 R 5 I T 1Jjuj -4.061  ILE-108 2.34
c-Met 3G0F  -3.402 CYS-673 2.7

Bel-xl 2YXJ] -3.19 ASP-107 2.29

4RA4  -2.588  ASP-467 1. 69

ASP-424 1.81

PTK 1T46 -3.285  ASP-810 2.55

IM17  -1.771  ASP-813 1. 69

Bel-2 2W3L  -2.926 TYR-67 2.02
i 40 54 il 1SC7  -2.505  ASN-631 2.3
TYR-538 2.5

Caspase-8 202Z  -0.653  GLU-106 1.72

ARG K H W 2 AL il PNP (PDB: 1TR9 ) Jy {51 i
],24-OH-PD 45 1TRO K35 M B4, LI 4 4>
S 1) o Ji IR Y Y e 5, 24-OH-PD RERC A 3
ik A PNP 8 3% P2 23 Ji , HAT 25 8] A 5 () i
/NG T I R AL RE S R 1 O AR Y R B B
A ARSI S R R A TR
BE] - 5.196, KW 25 W) 5y 1 5 WE e A W R 1L
PNP [a] i B A o BN, 45 & 8RR E . X R
24-OH-PD A nJ g i 410 i) PNP A 4% 00 4] Jip 78 &40 I
(3 FE A, T PNP [R5 3 55 i 200 i 5% 7% A 4=

ZeAT X, AW A W7 24-OH-PD n] fE i A7 0L ¥F
PE o HA AT S AR R L 2

1 24-OH-PD 5E W #% F BB 1L & (PNP) B9 4> F 3 #% (PDB:
1RT9)
Fig.1

4 E . v
A4 T W ‘ll B el S
"M‘" N & e

Molecular docking of 24-OH-PD and PNP (PDB:1RT9)

/ey
Q A A / " N
(\\f’\ P,
D E F

A.2W3L; B.2YX]J; C.1T46; D.3PFQ; E.1JUJ; F.3GOF
E 2 24-OH-PD 5HHEBEAMS FXiE
Fig.2 Molecular docking of 24-OH-PD and part proteins

4 itig

4.1 24-OH-PD HUfiiiG vk ks st HETC A K
BT RIR 2 A S B A KA & W H A 109 20
W E Y A2 24 CK, Rg,, Rh, % Hih
Re, ROt BT A S R 2600 258 . HAe
A0 40 MO 9 RO WS P 7 T, 20 (R) -Rg, A

-85 -
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20(S)-Rh, & [ 20(S) -Rg, #120(R)-Rh, 5 5% LW TR A OIS 25 RS W) 1, O 3 — 2B 52 e 240 L 1 3

9 A BESE 26 4% 20 (R) -Rg, F120(S) -
Rh, fE4 FH M xf |, 25 R £ B],24-0H-PD X} CCRF-
CEM, Jeko-1 ,M14 FiI MD-MBA-231 ¥ 48 Jits 5. A 71 i
21 M VE PE M VE T, 5 20 (S) -Rh, R AR 24 JF 328 2 33
F20(R)-Rg, , A HAE R B 9 ALIT 259 808 ik &
Yty — 2B AR

R EHRKEASBTRAEEYHIUEEHE
157 S0 40 M T, AR W 9 %) 24-0H-PD %}
CCRF-CEM, Jeko-1,M14 Fl MD-MBA-231 A [r] 2% #1
(1 98 0 L 1) 3% 5 08 TR T EAT T OBE ST, 45 R
24-OH-PD X 4 v 41 i 3 B A5 K [ 2 % 9 5 S 4
ToRE, H B2 A AR ¢ R . Hid , M14 2B {8 294
Xt AR A W Bk R AAE 10 mg - LAk @R
FTVEH .
4.2 LR B0 2k 24-0H-PD {5 98 1 F 40 A5

R B ML 23 7 368 43 1 A LU P sl o i %

I BEAS S AL 5 I AF ok B WF 98 N L BT 254
VERIHLAIT S i 38 B AR BFSE 4 24-0OH-PD
(098 T8 A R AT T 00 A Al O 3, =2 U kR
T4 B % B2 04 O =Xk A7 AR F BL D /4 %0 26
o BEE ¥ Maestro J& Schrodinger 245 4 3% 1+ #4419
FIJE B, i 31 1) Glide 43 - X H2 85 He 5B 6% 48 {it
SP(ARAENRS BE ) A1 XP (&AM KGR ) 2 x4 07 5, il
o5 L e e B BH PSS R . B E S R G AE
BRSP4 10007 1A, S04 4 5T ik A 1) e B T
TR A3 114 2 18] e A R HE R ol 45 4% SR B T A Ak
/0 M1 B A

A I I A 343 24-OH-PD fE65 5 9 P iz ik AH
KR WX 4 B, {1 FE PNP, c-Met, Bel-x1, Bel-2,
) 12 & WL , PTK , PKC, Caspase-8 , #i $h S A4 i

PNP, Ji 1R 6 B B A1 40 0 544 il 37 2 DL DNA
£ K, J0 ) 40 P 39 5 A 8 S PNP 2 I R A 1 iR
I A AT 11 S S R 410 ) H 3 P % S 4 1 i 4R
597 =2 (dAGTP) 1 & ik 20 #) DNA & 5 S
20 P8 B T 5 G TR A T 40 i DNA
B B R v — b EE B, 2 R AR T BE A T R A
IR A R AR 0 4 D R A 2 DNA i B i
FRE NG , 215 DNA B2 ) 5 e E 4l L, 7
22 BB R A B v B kL AR SRS A
UK IX 3 B A A 4100 6 R 24N S A Y R A
5 it, 2549 Forodesine Ht j& LI PNP {E
B TR IR YT B bk L s R M Y . PTK
B — Y T R AR L R ALl o B R AR
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B oAk Mg AL PTK iEE S8 A m JF A S
N2 9 A 56 1 98 56 DR 98 356 DR L 80% 4 1) 1R
FLE, PTK (i B 3 3k 5 8 o9 4 Al 6™ o
PKC J& —F 85 22 (1 48 B A5 5 % 5 DX 1, 76 200 M 1) 34
JERGECNA c X T AP Y SR AEON S b i i DR IRV (E
FH o W58 BT, PKC A Sy B2 26 g g 7] F0 496 U Mg ) 52
i, 5 Z P e 1Y & A R AR G, Il PKC 3%
Al Sk (2 AE 22 b e 4 e A O T, B AT AR Sy
e A R A B G 1 B R L e-Met 2 — A
JHF 240 1 A A TR 1) 240 B 3R T 32 AR, R — R 2 AR
MG 2 BB IS AL LA TR U T AR A 225y E
5o M %K HGF/c-Met {55 % 5 5 M k4, JC
HORRZFB MR V)M G, & & i B AT R 7
(B THE 5 2 — " B X H 9 259 Cabozantinib £
A% FDA B9 AT HE A G R IAYT ™ o 40 T #2245
FEH],24-OH-PD Fy 100 il 95 240 34 58 FH AT e 2l 2o
] PNP J H B2 & B 540 Fb S A4 BEVE T 90 ]
DNA [ 5 il DT 41 61 185 5 5 5 38 2ok 41 | PTK, PKC
B c-Met f 1 FH 2F 1T 36 210400 il 33 58V H

Bel-2 A R E B IRE A, LR R T
ST R 7 R st RN i 1 N s o i e
PUIAT M2, Bel-2, Bel-xl BB TAEH, B4 1
XD RIS B 2K E YT #gid i i 75 BCL
FIEE AR S LM T 2o h
WESE N 2 AT Rg, BB i B0 Bax, # i Bel-2 3
B R SR R A A T . A g R, 4
FXTHEGS B B 24-0H-PD 6% 5 Bel-2 il Bel-xl
RIS A, R T A A W] B T8 S 4 2% 5% R 1 R Gk
REHE ST MAVEH ., Caspase KIGEMN S
FLAZ AR T B UIAR OGO S S A A K ek A
TR, Horh Caspase-8 JE2FE T2 32 (KA S I T2 1%
R O IS B 1 el SE R T A S RIS AL
I BE BT T UF Caspase, P2 AR YA ToALM 0, KA A
U e AL G Wi i B 4% R 4224 757 Caspase 5K
T 3 1V I 3075 S A B o T 4 R T 4 o
P25 53R 24-0H-PD 7] BEREHE EL#E 1415 Caspase-8
YERT, WG FE T2 32 1A i, e 240 R A R T

AR 5 F 5% & P 24-OH-PD %} CCRF-CEM,
Jeko-1,M14 F1 MD-MBA-231 % 4il g EL A5 41 1 40 Jfg
TG S g5 S A T AR i — 20 38 5 g3 - 1 UL A
9%, $& s 24-OH-PD & 4% 40 i 3% 1 7T RE i@ o 52 e
PNP, Jg 1712 & B , 46 7 5 14 i , PTK, PKC , c-Met
M FE ;15 5 98 40 8 T 0T BB S8 & 5 i Bel-2,
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Bel-x1, Caspase-8 B 11, i S 8t — 25 5 30 o i 42 it
TOil . ABIGE W 24-0H-PD 07 LU H B0 25
S AL AT — A B, S5 5 L o
A K SR 114 A, T OF % 7 I T A S
TR 25
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