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Betulinic Acid Induces Autophagy and Apoptosis of Human Colorectal Cancer
SW620 Cells by Regulating PI3K/Akt/mTOR Signaling Pathway

ZHUO Qingyuan, CHEN Meixian, WANG Lingli"
(School of Pharmaceutical Sciences, Guangzhou University of Chinese Medicine, Guangzhou 510006, China)

[ Abstract] Objective: To investigate the effect of betulinic acid (BA) on apoptosis and autophagy of
human colorectal cancer SW620 cells and the regulatory role of phosphatidylinositol 3-kinase (PI3K)/protein
kinase B (Akt)/mammalian target of rapamycin (mTOR) signaling pathway. Method: Cell viability was
detected by methyl thiazolyl tetrazolium (MTT) colorimetry to determine the optimal administration time and
dosage for subsequent experiments. Four groups were designed, including blank group and low-, medium-, and

high-dose BA groups. Hematoxylin-eosin (HE) staining was conducted for the observation of SW620 cell
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morphology, and annexin-V/propidium iodide double staining for the determination of apoptosis rate in SW620
cells. Hoechst33258 staining and MDC staining were used for the observation of apoptosis and autophagy,
respectively. Western blotting was employed to determine the protein levels of B-cell lymphoma/leukemia-2 (Bcl-2) -
associated X protein (Bax) , aspartate proteolytic enzyme-9 (Caspase-9) , activated aspartate proteolytic
enzyme-3 (cleaved Caspase-3), microtubule-associated protein 1 light chain 3 (LC3), the mammalian homolog
of yeast Atg6 (Beclin-1) , p62, phosphorylated PI3K (p-PI3K) , phosphorylated Akt (p-Akt) , and
phosphorylated mTOR (p-mTOR) in SW620 cells. Result: BA inhibited the activity of SW620, HT29, and
HCT116 cells in a concentration- and time-dependent manner. The cells treated with BA for 48 h had lower
viability than those treated for 24 h (P<0.05, P<0.01). The half maximal inhibitory concentration (IC,,) value of
BA at the time point of 48 h was also lower than that at the time point of 24 h (P<0.01), and that for SW620
cells was the minimum. BA induced the apoptosis in a concentration-dependent manner and increased the
autophagosomes. Compared with the blank group, BA increased the apoptosis rate (P<0.01), up-regulated the
protein levels of Bax, Caspase-9, cleaved Caspase-3, and LC3 I (P<0.05, P<0.01), and down-regulated the
protein levels of p62, p-Akt, p-PI3K, and p-mTOR (P<0.01). Additionally, medium- and high-dose BA up-
regulated the protein level of beclin-1 (P<0.01). Conclusion: BA may inhibit the activity of SW620 cells by

hindering the PI3K/Akt/mTOR signaling pathway to induce cell apoptosis and autophagy.
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V -FITC/BLAL P9 BE (P1) ALY A5 38 7] & (1 g DL B
AR A B AL B 4S BB21101) , 40 it A W s 2
Rl (MDC ) IR 7 & (b 50 & 3 £ BHCA BRA AL it
%520210930) , RIPA /i #f{ .SDS-PAGE I I F: 22
PR o R 4 - R TR M IBE e (SDS-PAGE ) #E
Jie e R & (R s KA ARG A AL
Sy A Sk 052121210817, 031720201116,



9528 B 14 1
202247 H

HEXBAFZRS

Chinese Journal of Experimental Traditional Medical Formulae

Vol. 28,No. 14
Jul. ,2022

042521210826) , -3l % 1 (B-actin) . i 5 AH X &
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(Caspase-9) . 1% 1L 1) Bt K 2 1 i -3 (cleaved Caspase-
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29 it Ab 3 ol 8 5 SPSS 24.0 R &
GraphPad Prism 7.04 #1770 87, i A B3 DL x + s,
P 20 B30 22 ) SR FH M ST R AR e K 5, 22 4 BN 22 )
KRR R 22 43 M, P<0.05 R 22 5 Gi it 2
3 BR
3. HEARERXT SW620 41 Ml 1% ME Ay R M MEANTR 45
2524 48 h X Al 11 SW620 . HT29 .HCT116 41 iy i
P, EAMSIE R B - FHfiiE K. 3.13~150 pmol-L!
HEA TR 25 25 48 h, SW620 40 g 1% 4 41 il /5 1 4% 24 h
N AR (P<0.01) 56.25~150 wmol - L #E K iR 25 24
48 h,HT29 .HCT116 4 Jfd & ¥ 410 i £ H1 % 24 h 9]
R AR (P<0.05, P<0.01) ; & W] #E K 2 45 2 48 h X}
SW620 HT29 HCT 116 4 ffd 3 PE 41 il /5 FH ot . R
JH GraphPad Prism 7.04 1 -& 4 /7 7% R i £k, 3131
R BCM IR B (IC,) . 542524 h LA, 452548 h
) 1C,, i & B K (P<0.01) . 5 SW620 41 g IC,, Lt
BOHT29 400 IC, B B 22 R ER it B X, 5
SW620 40 il 2525 48 h IC,, He % ,HCT116 4 it 1C,, M
3K (P<0.01) 5 SW620 4 Jitd % #E A ik 26 B MY A 432
R, LR W RS Lo I MR A T S I
PR] st Dt A8 A TR BT 0K 1) SW 620 2 it AR Sy S5 56 44
JiL, 5 45 2 I [R] 48 h, I S AL, LAY 1/4 %5 1C,,
W FEAE MR F)FE 4L (10 wmol - L) 24 1/2 % 1C,, e &
P g 5 R 2 (20 wmol-L7Y) (29 145 1C,, W E/E K
e ) i 2H (40 mol- L) #E 47 40 M 5 T2 F0 3 Wik 19 BF
8. WL K2,
3.2 MEARRXT SW620 4 i JE A M HE 4t {4
TR T A0 A% Gl R 4R A0 B R AT, O
T 20 A D) 3% 30 A A Y 0 0T SO R A R R AR
IR T OO0 SR AN [ Ve B 17 R A TR b B SW 620 4 it
- 102 -

£ 1 A SW620, HT29. HCT116 40 M 75 £ B & I (x+s,
n=3)

Table 1 Effect of betulinic acid on cell viability of SW620, HT29,
HCT116 cells (x+s,n=3)

i e i 41 AT 1 /%
/pmol- L™ 24h 48 h
SW620 4 fill 3.13 98.63=0.85 91.60+1.40%
6.25 90.92+1.46 83.21+0.93”
12.5 80.77+1.48 73.02+1.49%
25 72.85+1.76 58.32+1.01%
50 61.63+1.03 41.51+1.66
75 55.01+1.40 23.44+1.41%
100 47.42+1.34 12.76+0.91>
150 38.95+1.68 11.13+1.65%
HT29 41 i 3.13 96.47+1.01 94.53+1.26
6.25 86.24+0.98 82.96+0.63"
12.5 71.34+1.16 67.67+0.91"%
25 64.40+1.43 58.44+1.14%
50 51.48+0.86 44.47+1.05%
75 44.14+0.84 34.77+0.61>9
100 34.18+0.93 26.81+1.27>Y
150 34.18+0.93 17.51£0.64> >
HCT116 40 j 3.13 94.00+0.34 92.41+0.93
6.25 91.03+0.51 84.74+0.69”
12.5 85.53+0.85 80.53+0.84%%
25 75.63+1.49 70.39+0.52%+ %
50 62.58+0.89 58.92+0.74%%
75 53.56=0.68 45.18+0.91*%
100 40.90+1.37 29.49+0.94%%
150 35.34+0.42 23.55+1.11%9

W54 25 24 h I8V P<0.05,7P<0.01; 5 SW620 40 iy 45 24
48 h 14> P<0.05,YP<0.01

F2 HEAEEITSW620 . HT29 HCT116 A IC, IS N (X+s,n=3)
Table 2 Effect of betulinc acid on IC,, values of SW620, HT29,
HCT116 cells at different times (Xx+s5,n=3)

- IC,,/pmol- L'
24 h 48 h
SW620 4 iy 90.47+0.33 42.16+0.72"
HT29 41 il 51.70+0.39 43.77+0.46"
HCT116 411 85.45+0.82 59.04+0.84'2

5 24 WA IC, He s VY P<0.01; 5 SW620 41 il £5 25 48 h 1C,,
H 45> P<0.01
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48 h, 525 A i #ERTRZH (10,20 .40 pmol-L™)
o L ESCA B SR B A 2 25V T, SW620 4
I 95 T R T, U T A 4N A T AR N 4 A
EIE N L (O T VB A 0B N 3 S B D A
Yo MG . WE L,

WA 2 H 4 B~ D #MEK R 4 (10,20, 40 pmol-L™")
(P 2~61])
B 1 HEAREEIT SW620 4HAEFASKIFME (HE, x200)
Fig. 1
(HE, x200)

Effect of betulinc acid on SW620 cell morphology

3.3 HERERXT SW620 4l i T- sy 575 4l
He 8, MEAR R 2H (10,20 .40 wmol- L") 40 fifs ity 407 |
M IR T R R Y A TR B 3 b (P<
0.01),FF HA B W R R . W33,

R3 HEAREI SW620 AMA T RHFM (X+s,n=3)
Table 3 Effect of betulinc acid on SW620 cell apotosis rate (x+s,

n=3) %
i vie N e e
4150 jumol-L” PR TR MR TR RETE
ek 0.99+0.07  2.37+0.59 3.36+0.60
HE A 5 41 10 9.56+0.86"  4.61+0.83"  14.17+1.55"
20 12.23+1.03"  5.59+1.32"  17.82+2.03"
40 20.60+1.70"  7.57+1.97"  28.17+2.88"

5 HA R Y P<0.01

3.4 HERTRXT SW620 4 Mu i T- Y52 ME AR 4b
FH SW620 41 fifd 48 h, 25 25 241 7 94 6 1 S8 T AT DLW
S FI W I A 0 B R T R R O . A0 40 B A% R
RBCES AT B B IR T A A T D SO v G 1Y
WORL IR i At . 5 A R, HERR 41
(10.20.40 pmol-L") 5% i (A9 G ¥ A G I, SW620

240 i Y O TR N, 3R MR T Ak PR 4 A T
S RO DR 2,

B2 HEARERIT SW620 48 A1 IR NI (Hoechst33258 44 {4, x200)
Fig. 2 Effect of betulinc acid on SW620 cell apotosis
(Hoechst33258 staining, x200)

3.5 HEARERXT SW620 41 i [ WA R MEA iR 4b
P SW620 4l fif 48 h, 7E 5 6 1B i T AT DLW E 3] 4t
JEL 1 I A A T O o O WU R AT B
Wi R B MDC e g (98 ot . 525 F 4l HER 1R 41
(10 wmol-L") Fb 5 , #E A R 41 (20,40 wmol-L") 4fl
JitL 1 5 A B A P S A G, 26 B SW 620 41 it [
Hadm. UL 3.

A B
C D

B3 HERERRT SW620 48 A B KRN (MDC, x200)
Fig. 3 Effect of betulinc acid on autophagosome of SW620 cells
(MDC, x200)

- 103 -
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3.6 HER R X SW620 4i Al I8 T . H Wi\ PI3K/AkY/
mTOR 5 53 H IR A R Em 55 ALK,
e R R 244 (10, 20, 40 pmol-L") Bax, Caspase-9.,
cleaved Caspase-3 £ [1 % ik /K ¥ F+ & (P<0.01) , H
5B 1 AR 5 R ] B A AR O IR R Y
AT K BT, 5 A, HeARTR A
(10.20.40 pmol-L")LC3 Il % [ % ik K F B 1
HEm(P<0.01) , #e AR 2H (20,40 pmol-L™") Beclin-1
B M 2k KT E (P<0.05,P<0.01) , p62 % 1 R ik
R (P<0.01) , ¥ 52 Bk Jo A0 061 P T s /R A1 ; 3R W
Wil 5 M A T2 Tl B 3, 2 B A K . 5
21 H#, ME R R 41 (10,20,40 wmol-L") p-Akt, p-
PI3K .p-mTOR # 1 & ik 7KV FE AR (P<0.01) , R I K
AR U /L 5 3 B I S R A TR R B 1, PI3KY
Akt/mTOR I R IE BN . 2 WIHEA IR 7T 58 38 12 417
il PI3K/Akt/mTOR {7 % i #% M 1M I 4 Bax.
Caspase-9 . cleaved Caspase-3.LC3 II ,Beclin-1%E [
F35, F M p62 . p-Akt . p-PI3K . p-mTOR & H % ik,
M EIR AT 5 A, WIE 4-18 6 . 5K 4.

cleaved Caspase-3 & ‘ . - 17 kDa

Capescs D D U W
pax | - ‘211@3
d

e - - - o
A B C D

4 HARER £ SW620 48 il Bax. Caspase-9. cleaved Caspase-3
ERREB)K
Fig. 4  Electrophoresis of betulinc acid on relative protein

expression of Bax, Caspase-9, cleaved Caspase-3 in SW620 cells
4 itig

WF 72 W, e AR 1 BT i e A FH B A B v e 4
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Table 4 Effect of betulinc acid on relative protein expression of Bax, Caspase-9, cleaved Caspase-3,LC3 Il /LC3 [ ,Beclin-1,p62, p-Akt,

p-mTOR, p-PI3K in SW620 cells (x+s,n=3)

. cleaved .
13 e Bax Caspase-9 c ; LC3 1 Beclin-1 p62 p-mTOR p-Akt p-PI3K
ZH 7 aspase-
’ /wmol- L' /B-actin /B-actin P . /LC3 1 /B-actin /B-actin /mTOR /Akt /PI3K
/B-actin
ek 0.54+0.01  0.79+0.01 0.22+0.01  0.28+0.02 1.05£0.07  1.10£0.03  1.96£0.04  2.09£0.05  1.08+0.04
HEA iR 41 10 0.58+0.01" 0.96+0.01  0.32+0.01"  1.20+0.06* 1.12+0.01  0.87+0.01% 1.15+0.06>  0.85+0.05* 0.92+0.02%
20 0.98+0.01 1.06+£0.06  0.65+0.01 1.18+0.03% 1.28+0.06> 0.82+0.01 1.11+0.05* 0.66+0.02> 0.75+0.02%

40 1.10+0.02 0.97+0.01>

1.05+0.06”  2.06+0.07% 1.65+0.04 0.66+0.01 0.16+0.01* 0.52+0.03* 0.74+0.01%

TE 52 (4L g Y P<0.05,2 P<0.01
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