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[ Abstract]
phosphatidylinositol 3-kinase/protein kinase B (PI3K/Akt) and c-Jun N-terminal kinase/p38 mitogen-activated
protein kinase (JNK/p38 MAPK) signaling pathways in human lung cancer A549 cells. Method: A549 cells
were classified into blank group and STA groups (100, 150, 200, 250, 300 mg-L™"). Thiazole blue (MTT)

assay and colony formation assay were used to evaluate the proliferation of A549 cells. Apoptosis was observed

Objective: To investigate the effect of Stemona tuberosa alkaloids (STA) on apoptosis and

based on Hoechst 33258 staining, flow cytometry, and Annexin V-FITC/PI staining. Western blot was employed
to detect the expression of apoptosis-related proteins cysteine-aspartic acid protease-3 (Caspase-3) , B-cell
lymphoma-2 (Bcl-2)-associated X protein (Bax), and Bcl-2, and the expression of PI3K, phosphorylated (p)
-PI3K, Akt, p-Akt, JNK, p-JNK, p38 MAPK, and p-p38 MAPK. Result: Compared with the blank group,
STA groups (150, 200, 250, 300 mg-L") demonstrated the increase in inhibition rate of cell proliferation (P<
0.01) and cell clone inhibition rate, and decrease in cell clone formation rate (P<0.01). In comparison with the
blank group, STA groups showed typical characteristics of apoptosis, such as chromatin condensation and
enhanced fluorescence reaction. The apoptosis rate of STA groups was significantly higher than that of the blank
group (P<0.01). Compared with the blank group, STA (150, 200, 250, 300 mg-L™") significantly up-regulated
the protein expression of Caspase-3 and Bax (P<0.05, P<0.01) and down-regulated the expression of Bcl-2
protein (P<0.01). Compared with the blank group, STA had no significant influence on the total protein
expression of PI3K, Akt, JNK, and p38 MAPK. However, STA (150, 200, 250, 300 mg-L") significantly
decreased the levels of p-PI3K and p-Akt (P<0.05, P<0.01) and increased the level of p-p38 MAPK (P<0.05,
P<0.01). Compared with the blank group, STA (200, 250, 300 mg-L") significantly raised the level of p-JNK
(P<0.05, P<0.01). Conclusion: STA can inhibit the proliferation and induce the apoptosis of A549 cells by
inhibiting PI3K/Akt signaling pathway and activating JNK/p38 MAPK signaling pathway.

[Keywords] Stemona tuberosa alkaloids; lung cancer; A549 cells; apoptosis; phosphatidylinositol 3-
kinase/protein kinase B (PI3K/Akt) signaling pathway; c-Jun N-terminal kinase/p38 mitogen-activated protein
kinase (JNK/p38 MAPK ) signaling pathway
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fRAE . BG4 1 % (B 9 Lonsera & Al , it %5
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RNBJ8184) ; BE Wk i (MTT) . Hochest 33258 Y& {1, ik
(b EREEYRHEARAE S 55N
309E058.20210705) ; fif iR £k 2% b ik (PBS) . RPMI
1640 A 58 4> 55 52 W 9 25 11 g -EDTA 1 16 W L 45 &
S (VLI LA A W B A R | it 5 4 0
420210908 ,20210824,20210818 ,20210419) ; 5 Bk
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12 000 r-min™ & .L> 25 min, Y4 115, BCA 30 &
IR . IAKE & EAE R 22 v TR S W KT
i A 8 min., & ( B AER 30 pug) 4 SDS-PAGE
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TR A W WAk B 2448 72 h (1 2 B ) e E
(IC,,) 4% %1 4 360.24, 236.61., 202.66 mg-L".
W1,

F1 JHBEBSEMEIT AS49 HAIEEIM G EHF I (X+s,n=6)

Table 1 Effect of Stemona tuberosa alkaloids on proliferation

inhibition rate of A549 cells (x+s,n=6) %
Bk [E
415 fﬁ‘im_{; 24h 48 h 72 h
/mg-L
Xof 100 2.74+3.74  15.81+8.96” 15.02+6.59%
Bk

150 12.53+4.24” 30.60+5.04> 39.60+6.39”
200 17.36£5.60% 41.02+14.79> 55.83+8.37
250 24.81+9.61% 44.79+7.63” 66.20+2.55%
300 28.64+3.93% 70.49+7.50” 78.40+1.66”

TE + 23 4 AN 0 A I g RO 05 5 R ) AR 2 4 gV p<
0.05,7P<0.01(F2-% 6 7))

3.2 I AR MR AS49 41 v e T AT fE
SR S R S I £ = A G ) a2 S B
(150.200.250.300 mg- L") A549 £l jfd 7e [ %5 Fil v B
T2 B2 AR (P<0.01) 5 525 A4 He A, % i i 36
MAYIZH (150.200.250.300 mg- L) 41 il 7 [ 12
R ) 2 35 T (P<0.01) , 3 ELIE 2 %5 i 77 38 2
A Py A R D B T S v 2 X S AR )
RENE & 5 WD AS49 AN MU 4EVE T . LI 1. 3& 2.
3.3 XU EE A R AS49 4 UE TR A 2 1Y
SR 25 1AL AS49 4 B S TS OO, Al A o
(T R I S N N o Y S U P N |
ToYN L 5 25 AL A AN ) e B X ik i i A
Bl i AS49 40 B 24 h T, 40 MR B A Y
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Bt 5 25 W) A7 TR TR ARV L B R 25 W R K
P8 T A0 i R R . WL 2,
3.4 S R AR W B AS49 41 I TR A R
528 A A, X i S R AR e T i AS49 4
JL 48 h, 20 i 4 T B 35 T s (P<0.01) , 20 i 4 T2 %
Wi 245 40 v B B T T R AR RO . WL 3.
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WAL H YL B~F 4 M 3B B E 4 (100, 150,200,250,
300 mg- L") (& 2-E 4 [F))
E1 SMHEBLEMET A AMEEREE NP0 (4

E )

Fig. 1 Effect of Stemona tuberosa alkaloids on clone formation

ability of A549 cells (crystal violet)

T2 WHEDLEYHEIT A HAMTIER K EE B F I (Xts,
=3)
Table 2 Effect of Stemona tuberosa alkaloids on clone formation

ability of A549 cells (x+5,n=3)

PR AMTIRE  SEREIER SEREIE A

21 51 o
b e st 2% %1%
2 H 4l 151£6 100 0

X IS 100 134+10> 88.55+10.58 11.45+10.58
AW AL

150 101£132  66.74+12.77% 33.26+12.77%

200 9149  60.13+9.64> 39.87+9.64%
250 83+11¥  55.07+11.37% 44.93+11.37%
300 73+10%  48.24+10.54” 51.76+10.54”

3.5 b I R A W AS49 20 M IR T A S B
FRM R 5o H gl R, 6k R A e
(150.200.250.300 mg- L") ZHfi£ J8 1~ 5 H Caspase-3
F Ik B 5 (P<0.05,P<0.01) ;{2 4 T- & 111 Bax &
ik B & TFE (P<0.05, P<0.01) ;4 8 1= % H Bel-2 3
ik AR (P<0.01) . W3 %4,

3.6 X IR S R AR W BT AS49 4 i A I AR Rk
MR M 528 (4l b g, ki E ER R A W T
PI3K . Akt,JNK . p38 MAPK i % 11 % 35 JC W W 5%
Me , 22 S N B G012 3 S0 6 i A A W B AT
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E F
B2 3B E R AS49 40 A AS B &
Fig. 2

% (GBSO, % 100)
Effect of Stemona tuberosa alkaloids on apoptotic

morphology of A549 cells (immunofluorescence, x100)

£3 MHEDSEWEIT AS49 MEE T REFME (Y+s,1=6)
Table 3 Effect of Stemona tuberosa alkaloids on apoptotic rate of

A549 cells (x+s,n=6)

219 J R e S /mg - L TR /%
sk 4.97+1.34
b P 2 B A 100 11.60+0.68%

150 12.57+1.63%
200 23.49+4.69%
250 46.37+4.63%
300 54.28+2.19%

Caspase-3 (D ..m 35 kDa
T
ek 20,
caron A 5 .-

A B C D E F
B3 MHESIEDEEREASOAMBTEXEARIERK

Fig. 3 Electrophoresis of Stemona tuberosa alkaloids on

expression of apoptosis-related proteins in A549 cells

B &R 9 p-PI3K & 1119 % ik (P<0.05, P<0.01) ; Xf
I ET 3 AR M (150 .200,.250,300 mg- L) fik % B
R 9 p-Akt 2 B9 K3k (P<0.01) , B i F 34 p-p38

R4 IMHEDLEYEINASOARBATHXEAREINFIN
(x+s,n=3)
Table 4 Effect of Stemona tuberosa alkaloids on expression of

apoptosis-related proteins in A549 cells (x+s,n=3)

) W Caspase-3 Bax Bel-2
/mg-L"! /GAPDH  /GAPDH  /GAPDH
25 H4l 0.86+0.07  0.79+0.14  0.92+0.09
PONL =R 100 0.97+0.05  0.87+0.11  0.76+0.08
S W
150 1.12£0.10"  1.11+0.08"  0.46+0.02%
200 1.11£0.10"  1.14+0.03"  0.45+0.06
250 1.44+0.16° 1.22+0.12"  0.35+0.06%
300 1.43+£0.12%  1.31£0.14%  0.30+0.03%

MAPK % [ 1 %35 (P<0.05, P<0.01) ; XF I 17 38 5 A=
Y% (200,250,300 mg- L") BE % & & I 1 p-INK &
1235 (P<0.05, P<0.01) , & B X i1 35 6 2E ) 1l A
% 38 o 70 i PISK/AKt {5 5 3 i A1 3% 3% INK/p-p38
MAPK {5 5 il f% 175 5 A549 40 il 4 T . UL 18] 4 A
#5346,

PI3K e s wwe GHES w s 35 kDa
p-P3K M S cam S wee= 85kDa
60 kDa
60 kDa

p-Akt S SRS W— ————
54 kDa

e A K R _ N N _J b
- - - a

p-JNK e “. :_:== izkkg:
p38 MAPK DDA AN D
P-P38 MAPK s o v meee we Wl S 43LD;
GAPDH 4D PP e W @GP 37kDa

A B C D E F
B4 MHEBDEDEIER AS49 MAAERKRE B RIEBIK
Fig. 4

Akt —— G TS D T —

40 kDa

Electrophoresis of Stemona tuberosa alkaloids on

expression of pathway proteins in A549 cells

4 itig

it Jes S — b & 5 SR AN BB R A Y I R
R, ROER RN B IS R 2k F‘E
AP R TS S RO L AR B B R
3R K R R T A A R O e, R E
2020 4F 35 388 fii g 99 191 82 7 1), BE T 71 J7 5], - Ll
P 1Y) R0 A 0 32 AT R A ™ R TR RN R A A
fet FRE PR F SR R I R 2 4 HL AT b
) B SE  SLo

20 B 3% g 5 R T A O G A B AR AR O B
G, W5 1 Bl 37 0 R T IR N IR RS G
ST MR A0 AR S SR A HI R D R AT, R
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x5 NHEEBBREYHI AS4MEBEREOREHFME (Fts,1=3)
Table 5 Effect of Stemona tuberosa alkaloids on expression of pathway proteins in A549 cells (x+5,n=3)
15 T o e B PI3K p-PI3K p-PI3K Akt p-Akt p-Akt
B /mg-L"! /GAPDH /GAPDH /PI3K /GAPDH /GAPDH Akt
2 0.84+0.09 1.09£0.06 1.31£0.07 0.92+0.03 0.82+0.07 0.89+0.08
e I S A 0 el 2 100 0.77+0.07 0.76+0.13" 0.98+0.09% 0.91+0.02 0.73+0.01 0.80+0.02
150 0.82+0.11 0.78+0.06 0.96+0.13" 0.93+0.02 0.59+0.04% 0.63+0.04%
200 0.96+0.12 0.78+0.14" 0.80£0.06 1.15+0.06 0.51+0.06” 0.44+0.03%
250 0.98+0.13 0.70+0.11% 0.73+0.16> 1.00+0.02 0.57+0.02% 0.57+0.03%
300 0.87+0.13 0.76+0.06” 0.89+0.17" 0.90+0.06 0.48+0.04% 0.54+0.01%
*6 NHBEERAEWHI AS4MEEREOREMNHM (F+s,1=3)
Table 6 Effect of Stemona tuberosa alkaloids on expression of pathway proteins in A549 cells (x+s,7=3)
415 Joig: ¥713:3 INK p-INK p-INK p38 MAPK  p-p38 MAPK  p-p38 MAPK
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200 0.85+0.02 0.81+0.05" 0.95+0.07% 1.04+0.07 0.96+0.10" 0.92+0.06
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