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Inhibitory effect of p-hydroxyisovaleryl shikonin on growth of human lung
adenocarcinoma A549 cells and its mechanism
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Abstract: Objective To study the effects of B-hydroxyisovaleryl shikonin (B-HIVS) on the growth of human lung cancer A549
cells in vitro, and to explore its mechanism. Methods A549 cells were cultured in vitro and divided into control group and B-HIVS groups.
The effect of -HIV on cell viability, cycle and apoptosis, invasion and migration of cells were studied by CCK-8 assay, flow cytometric and
Transwell assay, respectively. The expression of p53 and Bcl-2 protein, and mRNAs were assessed by Western blotting and quantitative
real-time PCR analysis. Results [-HIV could inhibit the proliferation of A549 cells, induce the apoptosis of A549 cells, block the Go/G1
phase progression to S phase, inhibit cell invasion and migration, upregulate the expression of p53 protein and mRNA in a concentration-
dependent manner, and down-regulate the expression of Bcl-2 protein mRNA expression. Conclusion -HIV can significantly inhibit the
proliferation, invasion and migration of A549 cells and induce the apoptosis by regulating the expression of p53 and Bcl-2.
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FIRERR R (B-HIVS) & RARIFIEMEHRATE
Yz —BlL W IRIE B-HIVS X 22 i ffJgg 4 o A K
BA MR, (B EAARERPLE] A 47 0.
AT e NI ARE AS49 4HM, WE5E B-HIVS X}
AS549 A A= KPR 52 K L AT BE AL o

1 7
1.1 #5%

B-HIVS Iy [ H 4 WAOK A& (it 5 PEL2204,
JRE N 98%), AN —H LK (DMSO)
TR, HHE DMSO FIZ R &K <<0.01 g/L, 20 C
BEGIRAT o
1.2 RS

AS549 2L R R 2 e 40 i B 4 5 BRI
(Gibco ~7]); DMEM #5577 4E (Hyclone A#]); Jik
B M (Sigma /A #]); Cell Counting Kit-8 (CCK-8)
g H H A A0 5B Transwell /N= (Corning
AF]); Annexin V-FITC TR &% B 56 5L
UL F] s A A TR S0 B 2R S R A
RARAF]; TRIzol {5f] (Invitrogen A F]); Wik
& (RT) R & A Lm0t 8 & PCR AR IR
# & (Takara A%)); p53. Bel-2. GAPDH Hog
Pifk (Cell Signaling A7]); p53. Bel-2. GAPDH
S B A T AR A =6 R
1.3 {425

Synergy 14> H BRI 43 X (35 [ Bio Tek 2
#]); Mini Protean Tetra System 7 25 [ H1 k. Power
Pac Basic & M % %% % B . Molecular Imager
ChemiDoc XRS-+1Image Lab 2.0 Mg R4i% N
Bio Rad A 7% il ; FACS Calibur 7 37 202 i 0] 52 1%
(Z£[H Becton Dickinson 24 5] ); 801 &Y 1E B % 6 Tk
B (HA Nikon A 7]); ABI 7500 ¢ % & PCR X
(Z£[E Applied Biosystems A ] )

2 HE
2.1 CCK-8 A& B-HIVS Xt A549 4ApfIL5E HS2N

WCEE ST E A K AS49 i, DA 5X10%mL
FiF 96 FLEEFFRM, FFFL 200 pL. HOIAASFEHE
B-HIVS (0. 2. 4. 8. 16. 32 pmol/L), HH¥ 5
ANSEATHL, 0 BIFE 04 124 24+ 48, 96 h B 10 pL
1) CCK-8 iifll, 37 CIEFAEME 2 h 5IEHE)
B A 25 00 5 A T 450 nm &I 5E % FLIBOGREE (4)
B, SLIES 3 K. DIXTHRAAREE NS, iF
A5 A B 4 i 1 B U

WHIE=1—4 sm/d un

2.2 RINAAAREN B-HIVS Xt AS49 ZAAEE HAN
AT

BOE A K AS49 At 700, woxt
M RAFIHR LS 2520 O 042+ 4+ 8116+ 32 pmol/L
(1) B-HIVS), 157% 24 h Ja il i 4 e B, 4niu)E
SRS IR [ e B e €2, it Xt L ASC RS N0 4 e ) 341 o
LI A0 R T AR N S WL Annexin V-FITC £l 5
ul PI 4Ly, B E 15 min J5 40 BRI .
THETIE,

T = Y T K A 2
2.3 Western blotting #&3 A549 ZHpf p53. Bel-2
EA=ES

HUGHEAE K0 AS49 Ziff, DL 5X10%/mL %
FiF 6 fLb T, &Sl 2mL, WEFEE RIS,
S AANFEME (0. 2 4. 8. 16+ 32 pmol/L)
B-HIVS AbFEANMI, 24 h J5IREUNEH, BCA VEE
&, SDS-PAGE HLK, #4055 1 &E H i i~ 2
PVDF fi§, MRS A2 h, 2500 11 000
FiFER pS3 Al Bel-2 fifk, 4 CHFEER, WelEn
A 112000 FBE) —$t, Y% F 2h. Molecular Imager
ChemiDoc XRS-+Imaging System {5 £ 5t H K&K
%&. LA GAPDH NNZ, 7T HINE ARIEKF.
2.4 SERPREEE PCR & AS49 4Af pS3.Bel-2
mRNA HI3RIA

HOGHEAE KA AS49 A, DL 5X105/mL
T 6 fLRH, L2 mL, BRI HIGEE S,
YRR E (0 24 4. 8. 164 32 pmol/L) ]
B-HIVS AbHE A549 4, 24 h 5 Y41, A TRIzol
LR RNA, #5554 cDNA. K 9t seit & &
PCR 7546 p53.Bcl-2 mRNA ik 7K F-. LL GAPDH
NN, AT T . RN A 95 C. 5 min;
95 C. 10s; 60 'C. 34s; 40 ‘C. 10s; 40 M
W, 72 CHEM 7 min. BL 272 L B RE 5
HH 5% 2 D] () A G R0
2.5 Transwell /NEREN AS49 MR EFITHE
BE

FTC IR 77 3% Matrigel i (11 mg/mL) %
501 MR, HU40 pL FBEISSIEHTE Transwell /)
ELE, BEGATEREIR. TEHTMA 30 uL
TG REFRHE 37 °C, 30 min KA. FFIL
TEEE IR 4R M % B PR 44 3 5X10%/mL, fin 200 pL
F| Transwell =%, 11 500 pL 7 20%fA 2 1L ) £
FBINE. HALLZIKREH 04 24 4. 8. 16, 32
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umol/L 1) B-HIVS AbFRAH MY, FFFI ¥ 5 MR AL,
YU Ak SEEE 9% 12 h, U Transwell /N2, PBS ¥ 2
i, AR FERIMAM, FEZME E 15 min, 0.1%
S5 IR R et 30 min, 7R T FEUNEE
NMREMMRE, HECR A E 5 ASEF, HCP
Pl . TSI AR Matrigel IR, HA BRI
S
2.6 ZtFEHE

Frascaetb e 3 IR L, HHEPAY +5 R,
K F SPSS 21.0 # Graph Pad Prism 7.0 e iH4k 4%
BT, BRPREMIBLLECR A ¢ A, 2%
BRI 7 2578 (ANOVAD .
3 #R
3.1 B-HIVS X} A549 ApmtE5E RSN

XTHRAL A549 MRS EKTEER, B-HIVS XF4H

A I ERIE R, S R A Al
Wit (R 1,96 h 41 4] 335 >95%, KPR,
B-HIVS Xt A549 ZHMUrE 12, 24. 48 h HIEE NI
FE (ICso) 239N 17.47. 1622, 15.76 umol/L.
3.2 B-HIVS Xf AS549 ZBA8EHA K AT B9S2
FH 3t 4 L fSCRar I 225 SR T %, B-HIV'S 3= ZE 4]
AS549 AN Go/Gy AT S 4%, H4ufa T
FEUETm (R 2).
3.3 B-HIVS X} AS49 ARIRZE AT 6L N AR M
Transwell /NE SIS B-HIVS X A549 4Hfi
RERITRERE SIREm . ST LR, SRR
JE (0. 2. 4. 8. 16+ 32 pmol/L) ¥ p-HIVS kb3
Y 24 h 5, R R BT R 40 M2 H B Rk,
HEI— MR . $27n B-HIVS R #iil4H
MR (B 1. 2 FIFE 3).

Fz1 B-HIVS XF A549 {RAEIETERISINE (X s, n=5)
Table 1 Effect of B-HIVS on cell viability of A549 cells (X *s, n=15)

AfH /%
A% C/(umol-L™")
12h 24 h 48 h 12h 24 h 48 h
ot He — 1.3240.02 1.2610.01 1.18+0.02 — — —
B-HIVS 2 1.24+0.03 1.17£0.02 1.06£0.02° 6.0610.03" 7.14+0.31" 10.174£0.08"
4 1.15£0.02° 1.07£0.01° 0.95+0.01° 12.87+£1.05" 15.08£1.06™ 19.49£1.05™
8 1.0610.02° 0.99+0.02" 0.8940.03" 19.69+2.01™ 21.43+2.11™ 24.58+2.15™
16 0.63£0.02" 0.61£0.01™ 0.59+0.02" 52.2746.05™ 52384142  53.45%3.76""
32 0.41£0.01"™  0.37£0.02™ 0.34£0.01™ 68.93£0.77"" 70.63+£2.53""  71.19£5.17™
5xt it P<0.05 TP<0.01 "P<0.001, R
"P<0.05 "P<0.01 ""P<0.001 vs control group, same as below
w2 B-HIVS Xf A549 MR HIROATRAFM (X £5,n=3)
Table 2 Effect of B-HIVS on cell cycle and apoptosis rate of A549 cells (X x5, n =3)
2H 5 C/(umol-L™) MABLEBY% AT /%
Go/G1 S G2/M
pagi — 54.4610.25 29.9740.35 15.5740.08 8.76+0.12
B-HIVS 2 55.024+0.41 29.5940.48 15.3940.06 18.31+0.61"
4 58.45+0.13 26.3410.57" 15.21+0.05 25.67+0.43"
8 62.77+0.63" 22.11+0.61° 15.12%0.11 32.51+0.58™
16 64.181+0.49" 20.78+0.55" 15.040.36" 57.734+0.62™
32 65.15+0.37" 19.874+0.42™ 14.984+0.54" 68.84+0.57™

3.4 B-HIVS Xt A549 4R p5S3 #1 Bel-2 A RIEH
Al

Western blotting =AM &5 R W 3 s, S5%F
MR LR, B B-HIVS IREEMIE I, AS549 4fi
p53 HHKRIAKFZE T 5, Bel-2 1 HRKIAKF
BTG (B 3D,

3.5 B-HIVS %I A549 4HAf p53. Bel-2 mRNA Rik
EREA

SER O E & PCR 4558 (B 4) 5K, p53. Bel-2
H1 GAPDH ZE[K s th 235 9 B, BRI —
B IR R AEIREE (04 24 44 8. 16,
32 umol/L) [¥) B-HIVS 1EH A549 4Hffd 24 h J5, 4HfE
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B-HIVS 16 pmol-L™!

E 1 B-HIVS ¥ A549 BT RE HEOSZIR
Fig. 1 Effect of p-HIVS on migration of A549 cells

B-HIVS 16 pmol-L™!

&2 B-HIVS %t A549 {HBR{RZEREHEVSZIN
Fig. 1 Effect of B-HIVS on invasion of A549 cells

T3 P-HIVS X} A549 BRIREHFTBAIMFM (X £,

n=3)

Table 3 Effect of B-HIVS on cell invasion and metastasis of Bel-2
A549 cells (X £s,n=3)

A7 Clumol'L™") ZIBFMEAMME ERIFE AL

R — 66.35+2.17 78.33+5.77 GAPDH wd

p53

B-HIVS 2 41.33+4.59 66.11+2.87 ot 1 2 4 3 16 "
4 30.23+3.66" 53.58+6.02" B-HIVS/(umol-L™")
20.56+5.15™ 42974541 R y
&3 B-HIVS %t A549 4 p53 F1 Bel-2 EHRIARFMN
16 14.69+2.13 26.63+4.01 . . .
Fig. 3 Effect of B-HIVS on protein expression of p53 and
32 552+ 111 7.1+ 117"

Bcl-2 in A549 cells
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(=]
W
1
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4 B-HIVS X} A549 ARl p53+ Bel-2 mRNA FRiAHIFN (X £5,n=3)
Fig. 4 Effect of B-HIVS on expression of p53 and Bcl-2 mRNA in A549 cells (X s, n=3)

M p53 mRNA & IL/KFE T4, 1M Bel-2 mRNA )
RIEACEYI TR, HE2WREREM.
4 g

it A2 foc o LIPS R 2 —, BT R R A
BRIEE T AL, 7 AR B A g R H Al
G R _EI6T e R ER A TR BT FIIT 460
ST, RS T —E BRI (RAT Z51E
A% IR AR R B, 0] TR 2R FN A0 Bt A K
PIARGER, BITRCRARNE, B Eg
H F R B BAR BRI AP C RO AL . IR
R E AR, MBI IR RS
W5k B 3 L I A R R R 5 S R A B
1 e e 4 L AR 2B RO A A g I A R S
ZHHLHRAEGUMRERT). B-HIVS 2 RIRFFLE
MR RATAED 2 —, W0 R B JH] A s
SRR L T PR R O B g A5 2 i R 4 i A
A KA FH RIS S 4 A8 T FM, (E 0] il 20
FRIVE R H AR WakiE . ASLEgs R EoR, B-HIVS
SR FE I TR AR 4k AS49 AHPRIKISG S, 41
T Go/Gy B1I) S HAFEAR, i SAifi .
WFFCIE R I B-HIVS S A Hh a2 75 i 41 g
B H, $27R B-HIVS R4 A549 40 )42 22 AT
FeRe). VA bgibit—BuEse 17 B-HIVS KX il
24 e A A R AT R A

A SCHERIRIER, B-HIVS il g A= K mT R 1R
FHLE S HAE Ny —Ff ATP 3E 354+ 4R 1 R R i
ity (PTKO ETEAMHIF, Rt iR g A KE T2
& (EGFR) S5 145 4t i Ja) A A0 T2 AH 5% B 1 1)
P, FEIK dUTP B HBR/KMERE (dUTPase) ¥4,
DA ) i A P Rz AR K BR324k (VEGFRO (13 1
FEAHFH, FIH Western blotting F2 ARFI SN 55

SER PCR BRI B-HIVS ZLFR 5 A549 41 g A
KEHHM mRNA FIERIAEN, &I B-HIVS /EH
AS549 Y5 p53 FE & mRNA FIRIEKTFHE -
o p53 M Z YN BB R AEI T, 44l
il R3PS EAEk 7 FTINE E S E S N VWSS = s S
JEZAL RIS LT, pS3 R E SIS S S 41
JH R O T R T S A O AR T R AROR,
B-HIVS #i A549 4 HETE | ik F i T AL | ]
Ae 5 B p53 HEEERIRIEA K. Bel-2 4 p53 1R
L[, p53 FEPAEIS Y Caspase-3 & I BE T
Bel-2 HFEE A2, Bel-2 S5y F- e 4H i T
(R 4z kA EAIMEA],  Forh Bel-2 A Bax 43
)2 Fo L AR A (P4 1 TR R R T R A
1 Bax B FTEAN MR RAE ST, TR AR IR 5
A& Bax/Bax, MIMIESEAIEIT:; 24 Bel-2 FRHRIE
R, AT IE AR Bel-2/Bax, M 1]
Y H i T FEAR LG H, Bel-2 87 H BL A mRNA
MRIABEE B-HIVS V38 i iz Wbk, ik
HEM B-HIVS fEFT A549 4iijfuf5, wILA LI ps3
[Zeik, T Bel-2 (3RIA, ks> Bel-2/Bax 5 —
BRI, ISR RERT. X fEe
B-HIV'S #1ifil] A549 4 g A= 75 T T (1 B ZAEH
Bz —.

MZ, B-HIVS A ReiEt 890 ps3 JEP ik,
PR Bel-2 JERRIE, (Rt T, M
RIEVURIIVER . B-HIVS G EEEHT ps3 &%
PR, 3 i 1 1 HARAS 540 I (A1 R FE A FATS
ANE A . B-HIVS Bridiik 75 p53 F:PE A& ik my i
A HA S S PR A AR T, B-HIV'S 305 iR 48
{28 RS AL LR e L A b L AT e
HATHERNBIR T . BEAh, ARSI R 1 ARSMHEIK
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