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Pro-apoptotic Protein Bax and Autophagy-related Protein LC3- I

Contribute to Inhibition of Andrographolide to Colon Cancer Cells
LI Jing,HE Liang, YANG Li-ping,et al.

(Key Laboratory of Cancer Research Center Nantong,Affiliated Tumor Hospital of Nantong University,
Nantong 226361, China)

Abstract ; [ Objective ] To observe the effects of Andrographolide (Andro) on cellular clone formation,mi-
gration and apoptosis of different differentiated colon cancer cells,and to detect the expression of pro-apop-
totic protein Bax and autophagy-related protein LC3-11. [Methods] Human colon cancer cell lines Caco-2
(well-differentiated) and Lovo (poorly differentiated) were treated with different concentrations of Andro for
24 h. MTT assay was used to detect Andro cytotoxicity. Wound healing and transwell assays were used to
observe cell migration. Clone formation assay was used to detect cellular cloning ability. Flow cytometry
was used for analysis of apoptosis. The expression of Bax,LC3-1 and cleaved-caspase-3 protein was de-
tected by Western blot. [Results] (1) Andro inhibited the growth of colon cancer cells in a time- and con-
centration-dependent manner. Lovo cells were more sensitive to Andro treatment than Caco-2 cells. (2) An-
dro significantly inhibited the cell abilities for migration and clone formation of Caco-2 and Lovo cells,es-
pecially to Lovo cells. (3) Andro induced the expression of Bax and LC3-1I ,which were more in poorly
differentiated Lovo than Caco-2 cells. (4) Andro induced Caco-2 and Lovo cells apoptosis by activating
caspase-3. [ Conclusion] The sensitivity of poorly differentiated colon cancer cell line Lovo to Andro is
significantly higher than that of well-differentiated colon cancer cell line Caco-2. Andro inhibits colon can-
cer development through increasing Bax expression that activates caspase-3 apoptotic signaling pathway,
meanwhile through increasing LC3- Il expression that induces autophagy process.

Subject words : Andrographolide ; colon cancer;clone formation;cell migration ; apoptosis ; autophagy
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28 L 3 PN g (Andrographolide , Andro) 4 B} PR B}
P 2 0 S AR HRUS B 0 S MR 5,
KR CxoHyOs, 220N E BTG 2 —,
HA Tz 0 25 BRGPE | BR E 2 PR BUR  Pe 5 Al
PRIFAIRESE/E HIA1 ik BAT Ho s i M = 4ok
AIIFFE R, Andro X 22 Ffr 248 AU 11 i 93 4 e, 4n 2L Jt
S I R T i g (BT g R R
P f s 1100 e R TG R T L T 4
g A IEE A M HIVE A . Andro FTHPHE] Lovo 4 Y
() IE B FiZ 22 A8 122 Andro I8 BEVK & 45 I 96 20 i
XoF A0 A 4 240 e 75 1 i SRR PR ™) HL il ok 1 n
P2 U8 T2 21 1 Bax 19 3 3K 7K - 380 5% 45 i 98 4 i X 5-
PR W WE TR 20 FRATHT I AY Al K B R [
G345 i 9 AN AR X Andro B RS A BT 22 591200
SR, 5CT Andro XA [R) 731 45 i 9 240 1t 400 00 4
Lo H BRI 43 5 L 18 A 56 42 B W

A 5% 30 5 3 O 5] 53 Ak 45 i 96 4l L Caco-2
(5734 ) Al Lovo (1R 7046 , BER A MB W 5T £ P 12 2R
F Bax H1 [H WA 8 1 LC3- 11 19 323522 L X Andro
IR 7325 i AR 52, 3T 2 5 Bax 15
SoEE A A TR, LUINR X Andro BT
FAALE IR, RISl Andro 7 T 45 s g 1 1>
AL 25 FOKS Ve R T 5 A1t B 22 1 SRR i

I RS

1.1 # #
e %o NEE I A kR Caco-2 (785 434k) FllLovo

(%5346 ) ¥ F 3& 15 ATCC,

2h 3% 53X A L 20 JE N R I 1 R Rt AR A WD (46
JE>98%), HI W W (DMSO) %, il h
100mg/ml 4 ¥ ¥ , —20°C f# 7% % A ;Bax.Lc3b,
GAPDH Hii& ¥l HIT I8 8 = RAEMH AR,
cleaved-caspase 3 W Fl &+ iAW A FRAH]
1.2 EWH%
1.2.1 @i b x

2 75 Caco-2 Fl Lovo 40}, 435 H & 10%Ji5 4
I35 /) DMEM 5¢ 42 35 3% 5L d B 4 i, & F 37°C 5%
CO, W RE TR HEAT W ML 77, 2~3d 10—k, HLxd
G EREE EE I e
122 MTT #*

S BT B4 DMSO ¥ 77 % B 2H A ] 55
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SO PN IR e 4 (3.75.7.5 .15..30 .60 FI 120pg/ml)
R EBE 6 AN AL, BO A 4 300 40 it il B 2 40
i Y, VR A0 %% B Ry 5x10* A4~ /ml, L 100l /4L 4%
Tl 96 FLEEFR AR, A 4H M UG BE I i 25 4 31 240 Jin
A 20l MTT(5mg/L)37°CH5 3% 4h, FEk5 9 56 4L
A 150l DMSO, ## K 7% %% 10min, & g5 AL
(A sotnnd A gaom) B U WG B2, 4410 B A= A R (IR =[ 1-
(A 490 Sample—A g, blank)/(A o, control—A g, blank) ]
x100% . 38 ik %5 Lo vk B2 245 W)V FH 9 40 P )5 7= A 09 TR
(B, TR TS 1C5.1C AT 1Cso B, B EL 3K
123 il AR

BOG B A KA, PR L A% R 1x10° >/ml
WCFT VR 5] Ay R R R s 2 Rl oS LA, e i
W BE J5 43 9 FHAS [a] ¥ B Andro /EH] Caco-2 il Lovo
AN 24h J5 , 7EMENE AU T (x200) W25 ¥ 1
T 4 MR A5 1 A5 4k
1.2.4 XREASFEE

TR B0 A K 1 40 i 3 A F 35mm K FR LA | B
Fr 2 AN LA LI . R JC TR 2004l 146 3k 7 35 3%
L Hh 4] 55 5 0 AR, IF R T PBS W 3
W, A [8) 46 B (1C., 1C0, 1Cs0) Andro ( 5255 2H ) 2
DMSO (X JEZ ), 43 5IVE A 24h J5 , B84 TG I v 15 9%
B, 48h 5 7E ) B A 25 WO T R RR L G S BB
BLOFRERRA , BALBER 3K,
1.2.5 Transwell 53

LR R Spum /NE BT 24 LA, TEM
A 650ul Y5 10%J6 4 175 B9 DMEM 15 77 36 | Yl 48
WLk T 7 1 Caco-2 1 Lovo 48 IR & A TG Il ¥
DMEM 15 95 5 3502 1x10° 4~/ml, L 2001 48 i
BWET L=, BASII AR EE (ICy,1Cy,
ICso) Andro (2560 2H ) K DMSO (X FR4H ) , B4 235 3
AL AR B F AN 24h SR BUR NS T BRI,
4922 T2 TP ] 22 40 20min, 0.1%45 i 45 44 {5 30min,
FH PBS T VE/NE R 2E A 5 B 40 M R A 24K 2,
J2f IR (x100) T W 58 28 2 /N 25 1 20 A5G 1 O
FORR 10 28 2 /N 3 1 20 B
1.2.6 200 5 T 5 3

B KRS R AP A BB KA Caco-2 I
Lovo 2t i, & # ig B 8 Ak U5, T A o 10 48 1 3 40t
THECA M, B 08 6 FL AR A~ L P9 42 b 20 i 25 dak
150~200 A~ 7555 77 41 BN BE f5 |, B LI A [F] ¥
(1Ca,1Cs,1C50) Andro ( 5255 2H ) & DMSO (X 4 ),

Bt E A5 2017 4R % 23 A% 12



B2 3 A AL B RS M A ARG B, SERE BT
FEEFIE] 20d, 235 U 7 B A R 20k 3 SR U
R G AL PBS IR R4 2 WJm, H 100% H %
A°C ] 22 20 HL 15min;; 2 3 BT, DU 08 5% % = i
Je i 15min, B OE5HUS | THKIEE 3~5 W, & IR
+ FaM,
1.2.7 AnnexinV-FITC/PI #4=32 # &, & A = 48 Je.
ARV B Andro 43 7 AE A Caco-2 il Lovo 4l ifd
24h J5, VAECANNEE N 1x10° D /ml, WodE ARl
J,PBS BE# 2 W, L IR A 100 TS B 455
SE MR AN, A Spl AnnexinV-FITC Al 10l
PLCHE B2 ol 20g/L) , 1R 2] J5 % % IR BE B 15min, 75
JREEHINA 400l 254 28 v, U x40 A Ak
A,
1.2.8 Western blot #& M Bax.Lc-3b % cleaved-cas-
pase-3 & & #9 & ik
SO 80 AR R 20 B LA 3x 107 AN /ml 1) %5 BE 45

Lovo 4, T2 oAb T XHEC AR, W g, 42
HE 305, W65 NS MIE S Ml &0
Caco-2 A M AZ K LU K 29 122, M K/NAS — B
ASELIN BTG, T Lovo 4 A 3K HL ) 8 25 46 /0N
ZNTF 11, AR A% B W R G H 23 i (Figure 1), $#78
Lovo 4 ffi %% Caco-2 4 ff 5% | o bR B T I

2.2 Andro 1Cy\1Cs.ICs, E#& T

Andro fE /] Caco-2 1 Lovo 41 il 24h A9 ICy.
1C3.ICs fH 1 W, Table 1, Andro Xf Caco-2 4 Jitd 1)
1Cy0 IC30 Sz ICso ¥ B FLXT Lovo 20 B A9 AH N & B 57 24
3.4 45 2.9 5 LA 2.3 A, S s AR 0 Ak ) 45 i 9 40 i
Lovo %I Andro 9 8UE M B 5 w55 T 1 20 b 19 45 1 i
4 Caco-2,

PEHL 1Cy Lh S 1C5 ¥R BE (Y Andro 43 5I/E H Ca-
co-2 Fll Lovo 20 il 24h, 8 & Wil FWELH, 5
DMSO % %t BRZH AR b, 5255 2H Caco-2 F1 Lovo 4 fifg
B I /0 AR ] T iR 2k 2 B O AN M 1

F oS FLAR, 20 M 00 BE I, 25 4 4%
A 6] He B Andro, BFH = =
24h J W BR 3R SR, PBS VR, B
LI A 100pl 2 fEw (7% 1%
PMSF), #EUEE I, BCA £ H

400x Ly
HE® . &&EHZ 10% SDS- *
PAGE %t ¢ L9k (Bax 25 H ) Ml Y
12% SDS-PAGE ¥E £, ik (LC3b ' .

J cleaved-caspase-3 & [1) #1T
Hi vk, {2 %% 2= PVDF 5% i N5
Ay YR B A 2h, — BT 4CIEE
1%, TBST BEMEE, i HRP il br
W IR R T 1h, BRI E-
CL &,
1.3 SitskhE

K FH SPSS 21.0 #4478
Wb, TR PR ats 3RO,
PIZH ] HE R D ¢ K 5. P<0.05
hZESFAGFE L,

normal optical microscope)

:

(Caco-2 and Lovo cells were stained with HE. The morphology of cells was observed under

Figure 1 Identification of Caco-2 and Lovo cells with morphology

Table1 IC,,,IC; and ICy values of Caco-2 and Lovo cells treated with Andro for 24h

2 #F R

Andro concentration

Caco-2 (Well-differentiation ) Lovo (Poor-differentiation )

2.1 Caco-2 1 Lovo i EE [0
W HLKE 32 9 Caco-2 I 16

ICy 7.158+0.912 2.102+0.141
11.234+1.967 3.849+0.231
22.970+2.993 9.961+0.004
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REIEFRIVILS  MMAE R A/ (Figure 2),

Figure 2 Effect of Andro on Caco-2 and Lovo
growth in culture(x200)

2.3 Andro Xt Caco-2 #1 Lovo 20T # N 52 [E . B
BE TR R

0 MR AT A S g R R, AR [FIVR B Andro
PEH 24h J5 , e 0 LT 55 TR VR R ARSI IR 48h )5 X
R 20 40 B )R B g B S A N | R R TTAS () R
Andro 20 R 525G 20 B A LR AL e D I R RRAR, 5
X (A Andro) HHE,Caco-2 4 fifl :1Cy: t=
37.9885,P<0.001,1Cy:t=52.9761, P <0.001 ;Lovo 4
8 :1C:1=19.4457 , P<0.001,1Cs: t=49.9974 , P<0.001
(Figure 3 A .C),

Transwell SZ5G 45 58 s | AR E Andro 7E ]
24h J5, WE#H Andro RGN, Andro X} F Caco-2
J Lovo A f1iEFLRE S I/ G 58  (Figure 3 B.D),
53X R (AN Andro) M2 T H GiiT 45 X (Caco-2
i :1C:1=29.6901, P<0.001,1C5: =50.5212,P<0.001 ;
Lovo 4 ff :1Cy:1=31.938,P<0.001,1C5:1=65.7339,
P<0.001),

A i s BRI S e R WY, S RV B2 Y Andro X
T Caco-2 1 Love 4 Ji (1) 5 B T2 B35 A3 #0304 H
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HXF Love 21 M 5 B I8 B A 410 1 4 A &, 455 5%
20d Jii ,Lovo # Jfg xf B ZH (A % Andro) 2 B e B 42
PB4 190 S SERE/ AL, Caco-2 2 M X FEZEL (R
% Andro) JE e RE R /N F- 35 165 4> 5 B/ £L (Figure
3 E.G), T Andro 4 ¥ 20d J& ,1C 4 ,1C5 41 ,1Cs,
ZH 1 Lovo J Caco-2 4HMIIFE T, KR EEIE W 40 A o
W, BT 1Cy 41 1Cy 41 ICs AR A B R —FE (LU
1Cy A 45 5 AL (Figure 3 F H)
2.4 Andro 4 I 5 Caco-2 1 Lovo 4 8 B9 Bax &
LC3- I EBREHER

Western blot 45 3 & 75 , Caco-2 F1 Lovo 40 Itd 1Y
PRI T2 Bax YR IN BB Andro ¥ B2 55 00w 5
(Figure 4A), BLAh, A WEFCHE H LC3- 11 YA K
SF-ALFE Andro ¥ BE Y 3G I &, Lovo 20 A 5 i
13 (Figure 4B) .
2.5 Andro B it #iE caspase-3 B B iF S Caco-2
Lovo ZH A& T

ARV BE () Andro 43 51 4E HI Caco-2 Fil Lovo 4
B 24h Je, VAR AU T B, 0 Fig-
ure 5A It 7R AEAR e JE (1C5) Andro 2 FI IR, 200 1 5
Je B PR T, R IR B 1Cs I, Andro 35 T 4
55%(Caco-2) il 65.8% (Lovo) 4Nt % A= 1=, {E 15
— AR, MR (ICs) 5 YR FE (ICx) Andro BIHE Y
WOV HEEE, Lovo 40 & A4 B T (Annexin V*PIY)
NN 41% , W39 8 T2 (Annexin V*PI*) 24 il
2y 4 4% B Andro W B (3G N, 240 9 17 2% BB
g, 4y AR BE ALY Lovo 40 MY L iR 434K 19 Ca-
co-2 2 LN 245 49 S5 i T SRy W

DA T A 08 T caspase-3 YKL
Fifi& Andro ¥ FE 3G M1, Caco-2 M Lovo 4L cas-
pase-3 & 15 2 WG 3% (Figure 5B), #&75 Andro
1753 Caco-2 K Lovo 2 M & A= 8 T 1] fig J2& 8 2o P
caspase-3 AHICAE 51 #% S

3o #

Andro 2 M I [ 14 G v B 24 28 03 b SR IBCH Ok
iR G, Bl AR I R RS TR
I7 45 AR L PR T I AR SR I SE &, Andro BR T
1B Ge T REAE A1, LA B g i Tk g 2 ok
2 MW 5T & B Andro XoF 25 i 248 7Y (% i e 240 it LA
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A B
Control Control
1Cy 1Cx
1C5 1Cx

c & 400 D

5

Z 300 2

Q g

£ 200 =

g i}

20100 =

(=]

1Cy

(A : After scratching on the plate containing the cells,added different concentrations of Andro (ICy and ICy) for 24 h,followed by the culture
with serum-free medium , observed the width of the scratches after 48h(x100);B:In the transwell,added different concentrations of Andro
(ICy and ICs) for 24 h,the cells were stained with 0.1% crystal violet(x100);C,D:Statistic graphs fo wound healing and transwell experimen-
tal data by SPSS21 software. The mean values of 1Cy and 1Cs were compared with those of control group (without Andro),***P<0.001;E,G:
At day 20 ,in the control group (without Andro) the clones of Lovo (E) or Caco-2 (G) were stained with Giemsa;Images in the square show
one or a few clones (x100);F,H: At day 20 after Andro (ICy) treated Lovo (F) or Caco-2 (H),the clones were stained with Giemsa. )

Figure 3 Effects of Andro on migration and cloning formation of Caco-2 and Lovo cells
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Caco-2 Lovo
Control ICy ICso Control  1Cy 1Cs
B
Control ICy 1Cso
— o — _
Caco-2 Le3=1

M 3T
Love ‘ LC3-1
LC3-11

|A:Bax protein expression band located at 21 KDa by western blot;
B:LC3 protein had two bands,one at 14 KDa (LC3- I ) and the oth-
er at 16 KDa (LC3-1)]

Figure 4 Bax and LC3-1I expression by Andro treated to
Caco-2 and Lovo cells

A Caco-2 Lovo
S s i i
w'
1 Control
|3‘
oo A
.,a::-y s = o
|ﬂ° w' ‘II:
‘o «
% osesn " L o
3 ']
W W
] 1
_ @ weNs [1Cy
=
o ¢ ~
X o F @
P ik B
lQ. 0 ’: ‘0‘ o
. 5 o
. 0% e o 04 ™~
10’ : ".T ]
sy ly
o Gt ICx
10"
VD‘
Annexin V=-FITC
B Caco—2 Lovo

Control ICy ICso Control  1Cy 1Cs
Cleaved-caspase-3 e S B -.-17KDa

CAPDH | .

[A:Flow cytometry detected apoptosis of Caco-2 and Lovo cells induced
by Andro. The lower left quadrant (Annexin V'PI") represented normal
living cells;The lower right quadrant (Annexin V* PI") represented an
early apoptotic cell;The upper right quadrant represented intermediate
and late apoptosis and necrotic cells (Annexin V* PI*);Each group of
experiments was repeated three times and the results were expressed as
mean of apoptotic rates;B:Western blot detected the expression of
cleaved-caspase-3 protein in Caco-2 and Lovo cells.]

Figure 5 Apoptosis of Caco-2 and Lovo cells induced by Andro
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BB EH . E4RIE , Andro BEAI I A 45 1 Jis 4
il Lovo ROZN A A, JFwl @ 4d T 98 MMP-7 %
KT Lovo 20 i (3L 4% AR 2812, Fefil=z
A9 25 B, Andro LA IS [ RNV B2 4K #61 Jr
A Caco-2 1 Lovo 4l HE AY A K958 ; i — 25
AT 1Cy ICs S 1Cs 1B, A B3 Ak 1Y 45
1% 9 40 B Lovo XJ Andro 19 S50 MR 22 5 F 5 43
TS5 I A0 Caco-2, ASBIFSE Y 40 i ) fiE 52
B2 W, Andro R I Sl 410 i) 45 i 9 240 ML 1 S A% %
SRS BURE J1 , I HLXHIR 7316 Lovo 40 i 14 41 il
RN R S A4, Andro 1WA 4 AL 45
P ALY AR KRBT I BE ) 7 AW ST PR
AN B ARSI % B, Andro A4b PR JE Y 45 17 9 40 it
HE ST A LR T, O B 24 v ) 8 g
4 T 20 B 1 2 HLor AR T IR A Lovo 4
JiL LG &5 43 Ak B Caco-2 4 i X 24 ) 2 i B8 Sy 1]
i, WFFE R, Bel-2 M Bax (PR T-8E 1)
4 Andro 553 (4 40 ML FE 7215 5 4% 8 ik 2 v SC B
T, AR5 BN, Caco-2 #1 Lovo 41 Jifg
L Bax £ F1 3K & B AN Andro #% & 3 fin i
Wanim  IF HAEBE S 08 T Caspase-3 #4011, i
W] Andro AJ 38 53 4 1 b A Bax B9 2 3K WS
Caspase-3, AT 75 7 4t A 3 1 B2 400 ] i g 240 Pl
A,

Ok B Z RIS R A WS W T A N
TERYIR RO A W — P 4 B 3 A 19 S 200
(77 2K R A 2 4 i AR P PR T Y — A B
Xof et JeE 240 e A 40 s AR R SRR AR . B
eI IR TR RE AR 4y, TEATRI B 254
55 I eb i AR HTAIL R ER T RS [R] 2Y | T A
B TEPE, PIIE T f# Andro 2 75 38 1 [ W52 i
AR TRIRA R, AR,
Andro filt W i 3 5% A 25 1 98 40 g HCT116 7 35
RN HeLa FLARJE 40 MCF-7 25 H Wehn 57
T GFP-LC3 1 LC3- 11 92 ik 7K *F, Andro 1
AR 174 2 3 o BEL A 1 Tl A 1% 5 i
AN B RE B R DI RE ™, FRATHOBF ST 45 2R
7N, B Andro Wk B RSG5 i 98 A0 ML b W
O F LC3- 1T iy R kK P& b, JF A
Lovo 410 %) 52 b 4 3% . &5 R 47, A WA Rl T
Andro 1 45 iz 92 20 ML 1) B 22 R AR
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Y SR ) R T e AR 4

g5 LTIk K o A 14 45 1 988 4 S Lovo XF Andro

JEE i Caco-2,

Andro i 2 P95 L P8 T8 H Bax K3k, G caspase-
30 UE T AE S i, PR AN R 0 T, O HLAR
BET B WA OCH 1 LC3- 11 Rik, (E#EAi MLy B
Wi, e 24100 1) 235 Mg s 240 M 1) A AR
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