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LR -2(Bel-2) A 56 X 2K 11 (Bax) 35 W] 2 1 7H(P<0.05,P<0.01),Bel-2 15 B3 F M (P<0.01) . IY e e (25 1 R, 1528
M40 A, DL A1(20 wmol- L) R (058 63458 , 6 B & Wi i3 B K 19 28 i B9 2 DL 41(20 pmol- L) 38 RE A 41 i )4 LC3 #5 {1,
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[Abstract] Objective: To evaluate the effects of dehydrocostus lactone (DL) on the proliferation,
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apoptosis, and autophagy of human lung cancer cell A549 and to elucidate its related mechanism. Method: The
effect of DL with different concentrations (0, 5, 10, 15, 20, 25 wmol-L") on the proliferation of human lung
cancer A549 cells was investigated by cell counting kit-8 (CCK-8), and its impact on the clonogenic ability of
A549 cells was studied by cell clonogenic assay. The concentrations 10, 20 wmol-L" were selected as DL low-
dose group and high-dose group. Hoechst 33258 staining and western blot were used to observe the effect of DL
on apoptosis of A549 cells. Autolysosomes were detected by acridine orange staining, and the expression level of
microtubule-associated protein 1 light chain 3 (LC3) was determined by immunofluorescence and western blot.
In addition, the effects of DL in combination with autophagy inhibitors bafilomycin A1 (BAF-A1l) or
3-methyladenine (3-MA) on the autophagy of A549 cells was checked by CCK-8 assay. Finally, the role of DL
in the regulation of A549 cell signaling pathway was explored by Western blot. Result: Compared with the
conditions in the control group, the survival rate of A549 cells in the DL groups (10, 15, 20, 25 wmol-L") was
decreased (P<0.01), and 5 wmol+L" DL could inhibited the formation of A549 clone cells (P<0.01), indicating
that DL could inhibit the proliferation of human lung cancer A549 cells. The number of apoptotic cells was higher
in both DL low-dose and high-dose groups than that in the control group, and the expression of apoptosis-related
proteins poly (ADP ribose) polymerase (PARP) and B lymphocytoma-2 (Bcl-2) -associated X protein (Bax)
were up-regulated (P<0.05, P<0.01), while the expression of Bcl-2 was down-regulated (P<0.01) in DL high-
dose group. The acridine orange staining showed that the orange fluorescence in the DL high-dose group was
enhanced compared with that in the control group, indicating that DL could dramatically promote the formation
of autolysosomes. Moreover, 20 pmol-L"' DL could increase the orange fluorescent particles of LC3 and up-
regulated the expression level of LC3 Il (P<0.01). After addition of autophagy inhibitors, the sensitivity of
A549 cells to the effects of DL was attenuated (P<0.01), which suggested that autophagy was involved in DL-
induced A549 cell death. Compared with the control group, DL high-dose group had increased expression of
autophagy-related protein 3 (Atg3) and autophagy-related protein 5 (Atg5) while reduced phosphorylation
levels of protein kinase B (Akt) , mammalian target of rapamycin (mTOR) and signal transducer and activator
of transcription 3 (STAT3) (P<0.05, P<0.01). Conclusion: DL could activate apoptosis and autophagy to
inhibit the proliferation and clonogenic ability of A549 cells via suppressing Akt/mTOR/STAT3 signaling
pathway.
[Keywords] dehydrocostus lactone; lung cancer; apoptosis; autophagy; protein kinase B (Akt)/
mammalian target of rapamycin (mTOR)/signal transducer and activator of transcription 3 (STAT3) signaling
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5P R U E L FH 0.1% &5 & 48 15 W 44 45 30 min,
Xof 85 S T Bk e £ 0% A A AR Vi EA T AT IR B AT
2.4 Hoechst 3325844 {f, Hoechst 33258 4 {f J& —
PR G b, 1E 40 2k A e /b i 2 B VR A i A
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99 °CHI#4 10 min, SDS-PAGE ¥ & i 45 4> vk i |
FE 10 L, 6 K B 3k 70 min( 150 V,300 mA) , 5 i

F1 DL AS49REFE BRI (F+s,0=3)
Table 1 Effect of DL on cell viability of A549 cells (x+s5,n=3)

5 45 min(200 V,400 mA) . HELERIE, T 5% 1Y
Jii Hig 4= 45 b 1 B 1.5 h, TBST IS WEJS . A — $it
(1:1000)4 °CHFH L&, I H FH TBSTIE ¥E 3K, Rk
10 min, T A —H1(1:2 000) , E iR W F 2 h, TBST i
Ve, T 21 B OGN A 6 AU e L R 4t g
¢, H Image Studio Ver 5.2 &k F 3475114047 -

2.8 4l AbE %4l 338 & Graphpad Prism 8.0.2
AFIEAT ST b, R x + s £, AL E] G2 12
2 50 W o K 36 3647 53 B, P<0.05 Oy 22 5 A G it
3 #7

3.1 DL X A8 40 0 AS49 BEAE s 5 a5
ZH I %8,10.15.20.25 wmol-L" DL 20 A549 4l g ii%
1 5 B (P<0.01) , . DL #ll ] A549 40 g i) 38
IR H R B A [RGB . WLER 1

%

215 e /umol - L 24 h 48 h 72 h
U 100.000+1.666 100.0000.735 100.000+4.389
DL 41 5 92.311+6.183 90.705+5.924 83.864+6.044"

10 77.324+1.758% 62.646+0.280% 56.938+2.640%
15 29.619+1.847> 12.875+0.503% 6.961+0.173%
20 28.129+1.326 12.257+0.323% 6.298+0.140%
25 27.148+0.604% 11.005+0.053% 6.253+0.140%

T 52 e E Y P<0.05,2P<0.01(£ 3.3 4. % 7F)

3.2 DL X AS49 4 iy s B IE B h e 5
25 14 H RS, DL 41 AS49 40 i 2 B 56 75 50 B 2 2 U
/B (P<0.01) , 36 W] DL GE % B] 2 b 410 i) A i A549
I IE SRR . WR 2R 1,

F2 DL AS4OMMATF B SEBEH R RN (x+s,n=3)
Table 2 Effect of DL on number of clones formed in A549 cells

(x+s5,n=3)
20 5 W /wmol- L' 2 it . R AR /A~
25 441 456.333+43.844
DL4] 5 26.333+17.388"

W 52 gV P<0.01(3£5 .36 7))

33 DLXES AMEMEAS4O W T Em 5
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48 h, 5 ST W 0 R T 4 I A H B T £ Ul
W] DL REUE 53 ASA9 il A AL T2, S HA L
#,20 wmol- L' DL 4 GEf¥ I & PARP J Bax £ ikK
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— L UESE DL BB 5 5 Al AS49 Al il & AE i 12
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Fig. 1 Effect of DL on colony formation of A549 cells (crystal

violet)
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#*3 DL AS4IFRE AT HAZTANEE (v+s,n=3)

Table 3 Effect of DL on apoptosis-related proteins in A549 cells (x+s,n=3)

20 5 e /wmol- L' PARP/B-actin Bcl-2/B-actin Bax/B-actin
2 H4Y 0.998+0.173 1.001+0.172 1.00240.285
DL 4l 10 1.425+0.260 0.547+0.115" 1.37940.140

20 2.730+0.534 0.337+0.044% 1.669+0.271"

A B

C

WA ZS 4 B.DLZH (10 pmol-L™") ; C.DL 4 (20 pmol-L")
(F3-F71)
B2 DL AR AS49 40 AR 1= 89 2 I (5] 50 W60, < 10)
Fig. 2 Effect of DL on apoptosis induction of A549 cells (inverted

fluorescence microscope, x10)

PARP | s “ 116 kDa

Bcl-2 W e 26 kDa

Bax - S e 20kDa

B-actin - ” 42 kDa
A B C

El3 DL A549 4 i PARP.Bcl-2 % Bax & B &R iZ B ik
Fig. 3 Electrophoresis of DL on expression of PARP, Bcl-2 and
Bax in A549 cells

A B (&

B4 DL X ARG AS49 4R B W B9 220 (8] & 2¢O Wi Bt , x20)

Fig. 4 Effect of DL on autophagy of A549 cells (inverted

fluorescence microscope, x20)

B, R T AL SRR AR UL LC3 SRk g .
Hos (4] e de , DL 4l LC3 & F £ 35 /K - 11 8 7
# (P<0.05,P<0.01),iE 32 DL A6 15 5 A il AS549
A& AWE, WLIES FR4FE 6.

3.6 DL X A fii i AS49 40 M3 G 52 Sk i —
R A WETE DL A5 A i A549 4 i st - iy
YEF ¥ B W S P 10 1 77 BAF-A1 Al 3-MA 433 5
0.10.20 wmol-L"' DL ¥k & 45 T A Jili 5 AS549 41 iy ,
Jf 3l i CCK-8 X 41 M v Sy ik Ar kel . 525 4l b
3 BAF-A1FI13-MA R G 45 25, A Nilides AS49 2 i i

h .

Dlight-L.C3

Merge

A B C
BE5 DL ARE AS49 AT LC3FREM I (= I, <63)
Fig. 5 Effect of DL on expression of LC3 in A549 cells (high

content imaging analysis system, x63)

#4 DL AS49MM P LCIFEAMIME (+5,n=3)
Table 4 Effect of DL on LC3 protein in A549 cells (x+s5,17=3)

28 51 #e % /pmol - L LC3/B-actin
A 0.999+0.277
DL 4 10 1.807+0.203"

20 3.795+0.506%
LC3I SR . RS 16 kDa

LC3II 14 kDa

[-actin --- 42kDa

A B C
E6 DLIEF AS494BEF LC3IEHRILE K
Fig. 6
A549 cells

Electrophoresis of DL upregulated expression of LC3 in

FE 5 2 2 A (P<0.01) , B Lk DL Bl 25 25 17 1%
A Th A, F 0] AS549 40 i %t DL 45 25 Y d s bk
B 55, F RS 2 5 T DL G S 00 A W g 41
PETD. WS FKe6,
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%5 DL5BAF-A1BXAX AS49 HHAIFM (xts,n=3)
Table 5 Effect of DL and BAF-A1 on proliferation in A549 cells

*6 DL53-MAELAI AS491E3AR
Table 6

B (X+s,n=3)

Effect of DL and 3-MA on proliferation in A549 cells

(x+s,n=3) (x+s,n=3)
20 51 e S /wmol - L A5 2 /% 215 W /wmol - L T2 1%

2 100.000+18.307 S 100.000+4.085

DL 10 61.750+9.874 DL# 10 63.840+1.620
20 17.480+0.617 20 20.120+0.093

R 100.000+1.598 ek 100.000+1.595

DL+BAF-A1%H 10 68.830+2.128 DL+3-MA 4 10 70.190+1.091"
20 28.520+0.668" 20 25.910+0.589"

3.7 DL X A Jili %5 A549 40 s ' Akt/mTOR/STAT3
GO AR H TR0 H A
PUATR S h Rk 8 HEAE N, JF ik EORSFT A
Wi AH OC K& P A S, A R T b R b T 2 A
Y Sas R, DLALRENS b A WA 56

R7 DL AS49 AR H Akt/mTOR/STAT3 E S EEM I (X+s5,n=3)

H &G Y Atg3 \Atg5 B H (P<0.05) . 52514l
% ,DL 4 " Akt . mTOR £ STAT3 i # B2 1k 7K °F B
i B AL (P<0.05) , Ui B DL ] B8 38 5 #0 i A Bl 96
A549 41 Jifd tF Akt/mTOR/STAT3 15 5 il % M 11 & #
PUEAE . WK T E T,

Table 7 Effect of DL on Akt/mTOR/STAT3 proteins in A549 cells (x+s,7=3)

w15 1353 Atg3 Atg5 p-Akt Akt p-mTOR mTOR p-STAT3 STAT3
/pmol- L™ /B-actin /B-actin /B-actin /B-actin /B-actin /B-actin /B-actin /B-actin
i EE| 1.00240.226  1.000+0.441  1.0430.127 1.04£0.262 1.237+0.251  1.216£0.500 1.137+0.324  0.957+0.195
DL 10 1.39940.210  1.175+0.479  0.380+0.165% 1.004+0.115 0.795+0.274  1.188+0.140 0.744+0.112"  0.971=0.025
20 1.705£0.152" 1.871+0.164" 0.367+0.134> 0.848+0.223 0.582+0.183"  1.293+0.275 0.475+0.180"  0.876+0.184

Atg3 W e 40 kDa
Atg5 WS s s 55kDa
P-AKt e e 60 kDa
Akt S
p-mTOR 289 kDa
mror | :; .
86 kDa

pSTATS (S 75 Ds

86 kDa
STAT3 u “ 79 kDa
[-actin WS SN S 1) (Do

A B C
B 7 A549 40A8 Atg3.Atg5 & Akt/mTOR/STAT3 i&F & 5 Bk
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