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[(HWZE] B UGS AT AP CT2-3 X5 45 1 fim 40 M i 300 0 4 S ML, Dy CT2-3 763697 45 1 e th iy i FH 25 LAl o
F7 3% RSN ET 5R SW480 I LoVo 4, A Rl ¥ FE (10,20, 40,80 pmol L) CT2-3 FlJE A B 73 51 7 24,48 h, 5 1 41 o 494 7t - %5 1
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AR 1 H2AX (YH2AX) 2R [ 28 35 1 52 ) 5 2R FH 76 14 420 (RO'S ) 3 77 85 4G I CT2-3 X &5 i 9 400 iR P9 RO'S 7™ A 1) 5 i) 5 35 & i 52
eI SE e B Al 4 20 SV (Real-time PCR) K M CT2-3 Xif 45 [ 4 A1 M P 22 K2 4 4 T2 A 56 3% ] B 41 g bk 298 -2 (Bel-2) Ml
Bel-2 #H¢ X FE [l (Bax ) RIK M2 I . 45 R : 45 25 24,48 h, JE ANy %) 199 bk &5 1 95 411 iis SW480 F1 Lo Vo 1) 21 B0 il ¥ & (1C,)
>80 wmol-L*, CT2-3 X SW480 4 Jifl i) 1C,, 43 51 4 (54.59+1.73) wmol- L' F1(29.82+1.13) wmol- L', X LoVo 28 i (4 IC,, 43 7
}(66.68+2.11) pmol- L' F1(46.70=1.81) wmol-L"; 575 H 4 Lh#, CT2-3(20,40 pmol- L) 2H 45 I ¥ 240 At v B B RE 1 Wl 25 T
R (P<0.01), H 522 ik FEARA P . CT2-3 41 T~ 40 i S5 3 4% 0 (P<0.01) , yH2AX £ A X 32 3K 8 35 B i (P<0.01) ; CT2-3 A1 41 Jift
P ROS /K - i 25 34 il (P<0.01) ; CT2-3 4 40 Jitd Bel-2 mRNA ] % 335 @ % F 4 (P<0.01) , Bax mRNA 4 %t % ik & 2% F 4
(P<0.01), £51&:CT2-3 X 45 i i 240 i EL AT 1 35 400 A 1, ORI AT B2 304 0 Bel-2/Bax 5 518 # filf 2k Wi 14 Dy 18 52 B, 412
ROS WY 728, i — 415 5 DNA B, i 5 3045 B i A oA T
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Inhibitory Effect of Magnolol Analogue CT2-3 on Colon Cancer Cells and Its Mechanism
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[Abstract] Objective: To study the anti-colon cancer effect and mechanism of magnolol analogue
CT2-3, in order to lay a foundation for the application of CT2-3 in anti-colon cancer area. Method: Colon
cancer cells SW480 and LoVo were cultured in vitro. Different concentrations (10, 20, 40, 80 wmol-L") of
CT2-3 and magnolol were used to stimulate colon cancer cells for 24, 48 h. The effect of CT2-3 and magnolol on
the cell viability of colon cancer cells was detected by cell counting kit (CCK-8). Colony formation assay was

used to detect the colony formation capacity of CT2-3 on colon cancer cells. Flow cytometry and Western blot
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were used to determine the effect of CT2-3 on the apoptosis of colon cancer cells and the expression of DNA
damage marker phosphorylated histone H2AX (yH2AX). Reactive oxygen species (ROS) generation was
measured by ROS assay kit. Real time quantitative polymerase chain reaction (Real-time PCR) was used to
detect the effect of CT2-3 on expressions of mitochondrial apoptosis-related genes B-cell lymphoma-2 (Bcl-2)
and Bcl-2-associated X (Bax) in colon cancer cells. Result: The half maximal inhibitory concentration (IC,,) of
magnolol in two kinds of colon cancer cells after treatment for 24, 48 h were both higher than 80 wmol-L".
While the IC,, of CT2-3 in SW480 cells after treatment for 24, 48 h were (54.59+1.73) pmol-L" and (29.82+
1.13) pmol-L", respectively. The IC,, of CT2-3 in LoVo cells after treatment for 24, 48 h were (66.68+2.11)
pmol+L" and (46.70+1.81) pmol-L"', respectively. Compared with the blank group, the colony formation
capacity of colon cancer cells in CT2-3 groups (20, 40 wmol-L') was significantly decreased in a dose-
dependent manner (P<0.01) , apoptotic colon cancer cells were significantly increased (P<0.01) , relative
expression of DNA damage marker yH2AX was significantly increased (P<0.01) , ROS was significantly
increased (P<0.01). In addition, relative mRNA expression of Bcl-2 was significantly decreased (P<0.01) ,
CT2-3 can

remarkably inhibit colon cancer cells, and the underlying mechanism might be that CT2-3 promotes

while relative mRNA expression of Bax was significantly increased (P<0.01). Conclusion:

mitochondria dysfunction and ROS generation by regulating expressions of mitochondrial apoptosis-related
genes, so as to further induce DNA damage and finally lead to apoptosis.
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A EERIER . SR AT 25 WA YT R R BE ™ Y
RIAE B Ot B AE 52 i A WU b K
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Fig. 1 Structures of magnolol and CT2-3

SW480 41 il (CCL-228) , LoVo 41 Jift

R A IF 5 I 92 JEE A W BAT 22 b AR Wi e, b A 4
oA BUEAL” HUE AR L BRI 1 Y BT
TR TE VE IR AN 52 H R SR 450 g 2R I i 5 4
MR AL T B S, N 4 2 R R TR
LS By o 56 S Ak & W) R AT S5 M B i 10 1k & i
T R A CT2-3 & LS FNE A
S AL B Y AT S5 R A i B A5 B i SR AN A AR
T2z 250 U 1, R AR TR B S A S W .
AR R il CT2-3 HAT ] A /)N 4 i fii 9 1) =
114 -

(CCL-229), ¥ F 35 [E ATCC /A w) ; MM K5 F- 16 =
5510,

1.2 259 CT2-3(APRMA G L) ; JEANG , W H %
it 75 A2 2 B L5 E1003380250, 46 >95%

1.3 X5 BT RPMI 1640 35 3% 3k | %5 -5 55
%, 0.25% B 5 1 (38 E Gibeo 24 F] L #4543 il
42Q9281K, 8119124,2076676, 2048080) ; — ! %L .
B (DMSO, 3 [# Sigma 2\ ] , 4t 5 RNBH0539) ; 4
it 348 5 - B M A I (CCK-8) 1 7] & (R 56 & AR W4
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RA B A A, H#H 5 MA0218-L-Apr-25E) ; RNAiso
Plus, PrimeScript RT Master Mix, TB Green Premix
Ex Taq(Tli RNaseH Plus) ( H 4% Takara 28 &, #it 5 4
Wk 108-95-2, AHF1307A, AI53168A) ; G /K Z, i
(WA 2307 T, 15 20180802) ;4% £ 5 H
("M B EF A= P B A 7] L b5 MA0192-May-28E) ;
R (AL S E B A RR A RS AR A
Al ,#it 5 AR-0752) ; pierce BCA protein assay kit( 5%
Thermo 2\ 7], #t 5 SL260211) ; ECL & % ¥ ( 3 [
Millipore 23 ] , 1t 5 1723301) ; Al PR £F 4 & (NC)
WEPEE AL & ( L E s REVHERAERA
Al L4543 9 PO011,S0033) 5 F e (1 ¥ 3 v bk 2R
kBB A BR A AL #E S 20190101-19) 51 mol-L!
Tris-HC1(pH 6.8), 1.5 mol-L" Tris-HCI(pH 8.8) , 1+
bt FE R R A (SDS) , # [ i I 5RE & ), RIPA
Lysis Buffer, PMSF ( #7378 4= ¥ B} B 46 R A A,
5 2 B 20180825, 20180805, 1030C0610,
516D003,20180801,2060120) ; Tris( " M & [F 4= ¥y
BHA A A LS ZE160912313) ; AL 4N (K B
KA 2 H T, 45 20190502) 5 H & 2 (_E i A&
i AR AE LB A BRA FL S C10197701) 530% R
I WM , 3k A R e ( R R A= W B A B A /)L i 54y
WIH YJ017-2,0486) ; Annexin V/Hll 4k 5 IE (PI) 41 fity
O TR 0 5 G (BN 6 R A A B R Ry AT R A
Al iS5 70-AT101) s BEAR W5 k3 (35 Bl BD A W, it 5
8964872) ; Bl ¥t B - Wl 8 & H (B -actin, £ [
Proteintech 2% & , #tt 5 60008-1-1g) ; % Hit H2AX, %4
BB R Ak 2H 45 11 H2AX (yH2AX) , Anti-Rabbit 1 J5
BRAEF (Ig) G H&L BUAR & E AL ¥ i (HRP) — 4t (3%
E CST 2wl , b5 4 5l 7631T, 97188, 7074S) ;
Goat Anti-Mouse 1gG H&L (HRP) — #T (Abcam 2
w45 ab6789) .

1.4 X% HI850R Y my 3 ¥ VR 500 AL (K V0 AR
BLO AL A R F] ) 5 SC-04 G 1 55 0 AL (%2 B
rhRE AR AR A R F) ) 5 AE2000 HY 3] 2R )
BB (Motic 22 F] ) s HF9O (HT ) 78 24 Jifd &5 57 4 (I
T 1 R AR A PR 7] ) 51300 SERIES A2 A=
Wy & 4 FE (95 [E Thermo 2y 1) ) ; SpectraMax 190 %Y 5t
% UL Ml Bk 1% ( Molecular Devices 23 7] ) ; ME304E/02
R F - ROF (Mg ) i -FE ) 24088 i A BRA A
T100 Thermal Cycler # B PCR {X , CFX96 Optic
Module %Y 52 B} 5% 56 58 & 3R & B 5 20 2 v (Real-time
PCR) 1Y , 1645050 %4 H, Ik {¥ ( 3& [& Bio-Rad 24 ] ) ;
Tanon-5200 %I £k 2% % 8 18 AR A (T K BB

£ RN F] ) s NanoDrop one B 4% iR & M & 121X (£ [
Thermo /A 7] ) ; DK-98- 1 7 H #0 {35 /K 75 4 (K Tl
W R AL ER A BR A 7)) s FY'Y20001-RO K 4l 7K AL
(5 E A A R ) ; DW-86L578] 1 -86 °C
A I VK AR (DR JR 23 ] ) s LSRFortessa 78 4 i 37
L AHHX(EE BD A H] ).
2 Ak
2.1 YEE PRIBGE &R AN A CT2-3 K3k, 41
S A AH L AR LAY DM SO ¥ W, 7843 1 fif Bk Ry
100 mmol- L' A BEWE , £2 7L T -20 °C, JH 4 Jfd 15 57
T B RV 2 T s T AW B B A o
2.2 CCK-8 kA I 45 i 9z A M 3 5 BOG B0k K
I SW480 Fl LoVo 4 ifg , LA 5.0x10° /> 41 itg /AL 1Y %%
JEBE R F 96 FLAN ML s R AR, s Al (AN g,
CT2-341(10,20,40,80 wmol-L") 3t 54 , &40 6 4
Bl WMBE ARG, 2 HA TR, CT2-3414)
W45 T CT2-3 & ¥ JF 4 10,20, 40,80 wmol- L™ 4 55
FEW o 430 E 24,48 h, &AL ITA CCK-8 4 i
10 WL, 4k 276 G SR 46 TR A 2 h, SR FH G R IR
fif A3 AN %E 450 nm AL WG A, Dh2S 2 A0 i A
FE 3828 100 % , 153l 28 0% 248 J A= A7 2%
2.3 SRR TR AR S 56 I S 45 W R A0 B I TR AR
e 1 WX AR K 9 SW480 il LoVo 41 i, DL
300 4N /AL 1Y % BE 4 A T 6 L4 i B 3R A b, s
4, CT2-341 (20,40 pmol-L) 33 4 , 420 341 &
flo WHE RG2S A B FRW, CT2-3 457 5
Y5 F CT2-3 W FE 9 20,40 wmol- LAY 15 35 i, £
B 3 d B4 AH N W S SR A R G IR T L R 2
12d, 20555 . 3FRIEFRW, A 4% 2 5 W [
JE A 15 min, FHBE R 3 2% bl (PBS) W5 U8 2 1K, 4
FL AT 0 5= 4t (13 800 WL, 4 4 20 min, SR 5 H
VLK G2 0% Pk 25 Y 0, & T T A O T BURE AL
0 v R . LAZS A A0 v B R 100% , 1
A FC fl ZHL 1% 40 e R O %
2.4 i A AR AR RS I 2 i e A LR T O B AR
K19 SW480 Fll LoVo ZH AL, Lk 3.0x10° 1> 2 Md /L 42
BT o6 L4 B B SR M, WA A4, CT2-3 4
(40 pmol-LH3L 24 , HAH3IANES. WHE LG,
SRR IR, CT2-3 4144 T CT2-3 &k Ny
40 pmol- L' A5 IR o T 11 24 h 5 S 4L 4 e , AR 4l
20 g TS 3 R 1 B R R AT e e, O R A
I ASCAGE 000 9 T 4
2.5 FE [ A RE B G B (Wester blot) 46 0 45 i 9 41
Jtl DNA i ihr i) yH2AX R £k BB K
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W10 SW480 Ml LoVo 40 ifd , LA 3.0x10° /L4 FP T 6 &1 31057
L 40 i 55 3% M S [ 40 Fil CT2-3 41 (40 pmol- L-l) Table 1 Primer sequence
SE2UL. W AR 7 1A I L CT2- 19 s Kby
Bcl-2 L CTGTGGATGACTGAGTACC 131

3L T CT2-3 KWK E N 40 pmol - L (K57 . T
124 h 5 WA 40, B2 U AR 19T A BCA i Aa ) 2%
FHk B2, SR JE 2R DY I i 5 M rL Dk HE AT 4R E 43
B EHBIKE KB EANREEENCE,LKEH
5% 1) W RE WY Ry = IR A 2 h, B4 B A H2AX
(1:1000) , yH2AX (1: 1 000) 1 B-actin — # (1:
1000),4 °CHFHE & . W HH IxTBST Ve, K /5
A3 5 W 2B/ B 1gG 40 (1:2 000) 5 1L 41
H1gG —H(1:2 000),#E K L ERFF 1 h, IxTBST
VR 5 AR 4 ECL 70 & Ui W1 5 i 7 B8O, 2 1 4%l
H Image J 5 AF 20 M JK BEAH, LA B-actin A N &35
H 1 25 A ek 5
2.6 KN4 7 R A0 ROS 7= A O B4k K Y
SW480 Fl LoVo 41 Jifd , L 5.0x10° 4~ 41 Jitd /L $2 Fh T 96
FLANIE K5 7 M b, % %S 40 A CT2-3(40 pmol-L™)
AL 22, MR E LR, 25 AL A0 R R % R L CT2-
3 4T CT2-3 AW 40 pmol - L' K5 F# ¥ . T 7l
24 h, & fL 1 A 10 pmol-L"' ) DCFH-DA, % &
30 min, Z8 5 7E 20 B AUEE T WA IR, L= A4
4 ROS 26 FE 2 IR 1T 3 T T 41 40 filg ROS A
X9 B BE
2.7 Real-time PCR I 4% iz 9o 40 M £ k7 A4 7= 4H
KA LB O B A K B9 SW480 Fl LoVo 4t
L, PL 3.0 10° 4> /L4 T 6 £L 40 B 35 5% dle , 1 &5
20 F1 CT2-3(40 pmol-LHY4 k241, WE LG,
25 4140 T 4 R SR, CT2-3 4145 T CT2-3 &k
£ 40 pmol- L (K5 FR K . T 191 24 h )5 O HE 40 i,
I BUE RNA . & FL A RNAiso Plus | mL, 22 fi#
5 min J K A0 AR 28 A 215 mL LA B
A =& WP BE 200 pL, B ZU R ¥ 15 s 5 = R A E
5min, 4°C,12 000 r-min” B.L> 15 min; W35 K
450 p LM B — B 1.5 mL .08, B8 A S
N 450 pL, % i # B 10 min, A J5 4 °C ,
12 000 r-min™ & .0 10 min; # F g, S8 A 75%
L1 mL,#RJ54°C,7 500 r-min” & .05 min; 5 b
&, % IR T 4% 2~5 min, il A RNase-free 7K 10~30 L
VA, JEAS I L RNA T RV B e IR e Skt 3 )
& UL K S RNA 5% 5 il cDNA, i i Real-
time PCR 434 H A 2L K o 5149 i At 50 B %R A
WEARGRAR G, WER L, R 2% a0 B
F14) 325 DRI AF X 2 3K 7K

- 116 -

Fiif TTCAGAGACAGCCAGGAG
Bax % GGCTGGACATTGGACTTC 229
T it ACGCATTATAGACCACATCT
|9 AGCGAGCATCCCCCAAAGTT 285
T GGGCACGAAGGCTCATCATT

B-actin

2.8 SiilsErik N SPSS 19.0 k748 it
oM. FTATHEEE X £ s Fom RN E
J7 25301, P<0.05 £R ZFH Gt 2 L.

3 &R

3.1 CT2-3 X &5 MamamMuIg s s m S5
Fo 8, AN TR B2 CT2-3 1101 24,48 h, 2 Bk 45 7 9 41 i
SW480 Fll LoV o 4 fits 384 58 410 il 2R ¥4 % A BH & el A%
H 5 CT2-3 ¥ B F - $ 6] [8] 22 [8] 47 7 W b A 5] &2 -
AN RIS TE] - N OC &R o i — 2P i SR RN iy AN
CT2-3 %F 2 Bk 45 7 98 41 M 24, 48 h (19 1C,, & BL, JEE Ab
Wy XF 2 Fh 45 B 9 46 ML 24, 48 h Y IC,, 3 >
80 wmol-L";CT2-3 X SW480 24,48 h ¥ IC,, 43 51 N
(54.59+1.73) , (29.82+1.13) pmol-L"'; %f LoVo 24,
48 h 1 IC,, 4+ H M (66.68+2.11) , (46.70+
1.81) wmol-L"'. DA L 3&H], CT2-3 fig b 2 1 il 45
e 4 TRV 388 5, LK 55 i s A0 R %) 00 A S 0
THeERIUEWENE ., WE2,3,

R 2 CT2-35EABIX 4 SW4S0 ALK H /£ (ks
n=6)

Table 2 Inhibitory effect of CT2-3 and magnolol on proliferation

of colon cancer SW480 cells (x+5,n=6)

e A A A /%

A /pmol - L™ 2h 48h
2 - 0.00+2.01 0.00+1.87
CT2-3 10 7.14+2.40 17.06+2.78"

20 15.26+3.83" 35.30+3.67%
40 44.23+4.41% 74.94+4.89%)
80 73.12+5.81% 95.32+5.04%)
JEE RN 10 1.04+0.82 3.2241.12
20 3.21+1.54 6.35+2.24
40 9.84+4.19 18.19+3.78"
80 21.33+4.58% 38.28+4.532)

W5 A AL Y P<0.05,2P<0.01(F£ 3 [) .

3.2 CT2-3 x4l seBEIE I RE sz 5= H
ZH 8, CT2-3(20,40 pwmol- L") 2H 2 ¥ 45 Ji% i 41 Bt
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£3 CT23 5B 45 857 LoVo A RIE SN H A B I (ks
n=6)
Table 3 Inhibitory effect of CT2-3 and magnolol on proliferation

of colon cancer LoVo cells (x+s,n=6)

e 21 490 ) 2% /%

A /pmol-L™ 24h 48h
=M - 0.00+1.72 0.00+2.05
CT2-3 10 5.23+2.44 11.43+2.31

20 12.32+3.78 27.38+3.43%
40 32.2145.04% 52.28+4.67%
80 60.09+5.78% 78.19+5.18%
JEL R 10 1.14£0.78 2.06+1.01
20 2.67£1.35 5.09+1.43
40 9.14+3.62 14.3243.46"
80 19.71+4.11 30.03+4.19%

SW480 Fll LoVo I o B JE B % 1 25 BE AR (P<0.01) , H.
HHWEZMAAE R AR RSN LR A
CT2-3 M 3 (1 38 in , HL A0 i 25 s 9 40 7 5 1 T i 1)
OB, L2, K4,

Sw480 |

LoVo

A B C

A.ZSF4];B,C.CT2-3(20,40 wmol- L)%
B2 CT2-3 %45 i 5 40 B 52 B2 2 A e 0 0 3 0
Fig. 2 Effect of CT2-3 on colony formation capacity of colon

cancer cells

x4 CT23XMERFEMAMTERKENNHIE (+s,n=3)
Table 4 Effect of CT2-3 on colony formation capacity of colon

cancer cells (x£s,n=3)

| e iy i BETE B %
2/ 5 T
/pwmol-L SW480 LoVo
2 - 100.00+8.84 100.00+8.61
20 25.64+6.34" 56.49+10.85"
CT2-3
40 2.27+1.49V 7.79+3.510

W52 A Y P<0.01(£ 5~9[[) .

33 CT23X4ipfaimr-mEm 5504
%, CT2-3(40 wmol- L) ZH 45 7 Jis 40 g SW480 Fil
LoVo 8 T & & #4 i (P<0.01) . FE W CT2-3 1] H &
B AT, kS,

3.4 CT2-3%F 45 7 9 4 s DNA #1475 b5 & ) yH2AX

R®5 CT23X&EREARATHREME (X£5,n=3)
Table 5

cells (x+5,n=3)

Effect of CT2-3 on apoptosis of colon cancer

e A1 T %
A /pmol-L SW480 LoVo
2 - 5.42+3.28 2.83+1.62
CT2-3 40 38.13+5.81 25.31+4.43"

FEARKNER S5 A E,CT2-3(40 wmol-
L) 41 &5 i 9 40 L SW480 Fll LoVo i) DNA 51 13 b i
Y yH2AX HH KRB B % 1 (P<0.01), WK 3,
F 6. ZLERFEW, CT2-3 7 LIE #F H2AX B8 16 E
B yH2AX , 15 5 45 I 96 44 ML DNA 4543 , #7% DNA
P03 15 5 38 % -

SW480 LoVo

1
o [ [ -
Y H2AX —-—. *15&3
- ——
—— - ’
A B

B A
A4 B.CT2-3 4L (& 4 1))
B3 CT2-3EREFEME yH2AX BB RIEB K
Fig. 3 Electrophoresis of CT2-3 on yH2AX expression of colon

cancer cell

R6 CT2-3XEHmBEAMyH2AX ZEARIEMFME (3+s5,1=3)
Table 6 Effect of CT2-3 on yH2AX expression of colon cancer

cells (X+s,n=3)

. e B yH2AX/B-actin
i /wmol-L! SW480 LoVo
2 H - 1.00+0.18 1.00+0.12
CT2-3 40 6.95+1.32 1 3.18+0.63

3.5 CT2-3 %45 40 il ROS P~ AL sz 525
F 20 L #5, CT2-3 2H (40 wmol- L") fig b 25 14 2 #k
4% Jigy 98 40 L SW480 Fl LoVo 4 ROS 7= 4 (P<0.01) ,
Horfr CT2-3 % SW480 4fl il ROS j~ A= 1 42 ifF % 2 b
LoVo Ry 5 . 2 W] CT2-3 W] LA & 35 i 1 &% i 98 40 g
ROSHy ™A, WWKI4,5R7,

3.6 CT2-3 %t 45 Ji7 J 40 P £ R 44 U] T2 A OC 2 A &
R 5 A4, CT2-3(40 pmol-L") 4
45 1 9 4 M SW480 Fll Lo Vo 1 28 0 44 I T 4H € Bel-
2 mRNA A X} 2 1k & ¥ 2 3% T 9 (P<0.01) , Ifif Bax
mRNA AH X ik & 34 8 3% FiH (P<0.01), KB CT2-
3 0] L) 45 45 1 i A0 4R 1R R T Bel-2/Bax R 5
W, W#E 8,9,
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SW480 ROS
100 pm
LoVo
ROS
A
B 4 CT2-3 % & 7 % 4 B ROS 7= 4 B & W (DCFH-DA

e i, x200)
Fig. 4 Effect of CT2-3 on ROS generation of colon cancer cells
(DCFH-DA staining, x200)
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Table 7 Effect of CT2-3 on ROS generation of colon cancer cells
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Table 8 Effect of CT2-3 on mitochondrial apoptosis-related gene

expression in colon cancer SW480 cells (x+s,n=3)
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Table 9 Effect of CT2-3 on mitochondrial apoptosis-related gene

expression in colon cancer LoVo cells (x+s5,1n=3)
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