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[ Abstract | Lung cancer is a common malignancy with a high morbidity and high mortality. Although
chemoradiotherapy is still the main therapy, the side effects caused by radiotherapy and chemotherapy cannot be
ignored. There is an urgent need to find a targeted anti-cancer compound with a low toxicity and strong effect.
Therefore, a large number of natural product-derived compounds have received increasing attention for their anti-
cancer effect. They are diverse in structure, rich in variety but simpler in composition than natural plants, with a
clear efficacy. This facilitates research, and the enriched ingredients have stronger pharmacological effect and
clinical efficacy than natural plants. Quinonoids are natural bioactive molecules that widely exist in more than 100
species of higher and lower plants, including naphthoquinones, phenanthrenequinones, benzoquinones and
pyrenes. Most of them have anti-tumor effect. They are applied and studied in many cancers, especially lung
cancer; and the mechanism of action involves multiple pathways, which play a role in promoting apoptosis,

inhibiting proliferation, inducing autophagy, inhibiting angiogenesis and cell invasion and migration. When they
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are used in combination with other drugs, there is also an anti-tumor effect. With the development of researches,
many synthetic quinonoid derivatives with similar structures also increase the diversity of anti-cancer steroids, and
quinonoids have broad application prospects in lung cancer. On the basis of a large amount of literature , this article
reviews current studies on the molecular mechanisms of antitumor activity of quinonoids, summarizes the common
research targets with different effect, and analyzes the relationship between the pharmacological effects and anti-

lung cancer effects of quinonoids, and proposes the direction of further research, so as to provide the reference for

the follow-up research and development of other quinonoids.
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Table 1 Distribution of common quinonoids plant resources
k(% No. H# T %4 2 R AL #F P EmEAEY
Bl 1 KR Rheum palmatum HARZE AR B K # (emodin) , K # F H ik ( physcion) , K # 2
(rhein)
2 fiEL Fallopia muliiflora PR # K# 2 (emodin) , K # 2 H i ( physcion) , K R
(rhein)
3 FiEn Cassia senna I = K E (emodin) , {5 H (sennoside) A,B,C,D
4 P Aloe vera 2w 4 T BIRAE FIEE R E (aloe-emodin) |, 25 & (aloin)
S
5 EORE Polygonatum sibiricum 2K HE HEK R
6 JERL Reynoutria japonica R ZE AR # w-0-Z B3 2k A\ B (fallacinolw-0-acetate) , K # 3%
(‘emodin)
7 %% Polygonum bistorta 2 B TR
8 EHAME Tripterygium wilfordii HR I A 5 &R oy 1,8- F gk 4-32 H O R
9 MEkR Morinda officinalis R P S #E & B ik ( physcion) , F 5 5 3t B2 2 (rubiadin)
10 P Rubia cordifolia L AL 25 i P BR — H i ( munjistindiethylether)
11 HAEWEE B Arisaema erubescens £ P RE T b B R
12 #Ear Curcuma longa M2 ER 2-3% B 3L BOTR (2-hydroxymethylhydrazine )
13 Kl BE Sargentodoxa cuneata T AKiE K # 1 ( chrysophanol )
ZERZE 1 £ Lithospermum erythrorhizon AR g Beta, beta-— F 3% P I ik %% %2 % (B, B-dimethyla-
crylshikonin) , 25 4 48 55 % ( deoxyshikonin) , Z, [k 48 #1
# (acetylshikonin) , 77 i 45 B %
2[R Plumbago zeylanica AR 4 46 P+ ( plumbagin)
3 LRI Salvia prionitis I=3i43 21 M L 4B IR ( saprorthoquinone ) , £1 M FL X} Fiig
('sapriparaquinone ) , ¥ /R J& % , F} Z B ( tanshinone )
1,00,
4 Ik Juglans regia Pis HABE HIBEER (juglone)
5 FEM Catalpa MRS EA K R FLIAEE (lapachol )
FIR K
6 HBfE Medicago sativa TSN 52 # K, (VitaminK, )
JFEmREK 1 = S. miltiorrhiza bits B LW PSR, B £+ 21 ( cryptotanshinone ) , F 2 i
(tanshinone) II
2 fifgh Dendrobium nobile = = 4x A7 ffHETR ( denbinobin )
3 LEJ S. aerea R =3/ przewaquinoneA-F
4 MRE S. prionitis o =314 LESSH
5 =mFRE® S. trijuga it} =34 trijuganoneA , B, £+ Z: i ( tanshinone) I , 1T ,
6 HiEFHF Rosmarinus officinalis 4 EL =3/ [ ) 2 ( cryptotanshinone ) , horminone , 4 3 ¥4 i
7 RII& Asparagus cochinchinensis A PNEES dioscoreanone
KERZE 1 #Tm Acanthopanax senticosus AR FIAR 28 Bl 2% T 2,6- H & F KR (2 ,6-dimethoxybenzoquinone )
2 REET Embelia laeta MR ZERIR S et {5 & F 1 (embelin )
3 WE RS A oxyphylla et {5 f8 F B ( embelin ) , 2-¥% $£-6-1 = J¢ 5 7% i
( rapﬁn()ne)
4 IRAEMR A. crenata bits ErE=Yia 2-$2 3 -6-1 = b F A (rapanone )
5 JRUHR B Ailanthus altissima B RN 2 ,6- " 4 Bk % 2R R
6 &7 Dalbergia odorifera MY T MR g M 24 T i ( claussequinone)

TR A
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Table 2 Some anti-lung cancer quinonoids
No. LI & B KR HELH) R TR
1 BNE embelin TR P2 e 7 R 55 A 4
2 KER emodin TR KB AT L BTG A
3 148 FHER plumbagin ZETR HAEST
4 Beta, beta-— F 3 1) s ik 42 % B,B-dimethylacrylshikonin i P
5 o Wy chrysophanol TR KB K 5
6 PHEm, tanshinone Il FE i & = RS
7 KR thein AR RE fTH 5%
3 IRk TR juglone ZET BBk T RS
9 FIER aloin B P
10 PR R aloe-emodin TR s
11 IR BiF salvicine 5T AR i
12 KRR acetylshikonin 25T g
13 [SeRE L] cryptotanshinone E[31 P+ REEE
14 SYUNZ-16 ( 2 e S B R AT = 4) alkannin M £
15 - dioscoreanone JER K&
16 & LA AR R denbinobin R Ve
17 AT Y b przewaquinone A E[ai LN

MR P T B, 51 AS49 A0 E A KA A T,
TE ] K 5 E Ab B AS49 4i i vh ] L W 52 3 8 4%
DNA K240 DNA Wr 2455 3 T2 RR R, 55 40 K K [A]
FEAL AT LA Anip973 4R B 1E G,/ G, iM% X8 5E | %
I8 S W40 A LU A7), 300G 2 e 0 R K & & IR 4R 1 il -3
(Caspase-3) g5 H B35 £k LAI0 6l B g AR &, 9 BB M
JiE R (] A A T R B2 JE I AT b O T R
Fas FefA (FasL) JE K 25K, F 8 Ji 8 55 I (C-Myc)
Fik L SU AU & B K B AL B OAS49 AN
H1299 A 3 /IN 4 Jfa Jiti e 240 B 2=, P9 3T I ( ER) 7 33 Al
S (TRIB3) /#% 4% 5% I -« B (NF-«B) {55 5 38
BEBOE o 4-K 3L T MR G (4-PBA) Mkl ER i 3%
Jo L KB ZE A5 0 A R T AR [ IS, 1T A siRNA
PLEK TRIB3 J5 , K K% S ER LA 5 10 41 i
PR 55 o 1% PR A T (ROS) 5 2 19 S Ak i
TERER IR LR AR T A HZEAEH, K
Fil 5 ROS OG22 & W & H W/ p53/B 41 i
WRELIR -2 (Bel-2) A 56 X 2 14 (ATM/p53/Bax ) K #t
P %, p53 2K (M N, Bax ik 1A, M K
AS549 2110 S A SOk IR M T L AR — AN
FEH IR R A B, K R A 5 0 E AR AR A T AR
S 400 LB T 6 1 0T RN 3 7 A LA T A A 4
PEA M A5 5 94 15 B (ERK) F1 Akt F 515 %,

fih & 28 b7 14 Dy BE B A, PR 15 Bel-2 Al Bax, BE i £6 kL
RN AR C(CytC) % 1k 2 bk & e 8 (1 il , Il =
ST o JCE AT L S A0 B A 9 R
fiti ( ERK ) FI IR 4 5'-20 8 BR 4K #1035 1B I o
(AMPKa) 4 3 1 %8 1k ¥ il B4 58 9 3006 = 1K y
(PPARy) /= A, B HE WM DR 5% B, FEE A
(Spl) IR KIFEFREEHEAERKHNFEEGEA 1
(IGFBPL) JE [ £ ik | ik & B (5 5 I I, 1F )2 B
RN 53 R - 22 (8] 09 B 1) A A FH AT UG oK B &R
AR /N 40 i I 9 ( NSCLC) 40 Jifg A K i #E T 2
WA MR R ERE TRl FIAYIBRE R 2 L hH
MR 1(ERCCL) #1 DNA &85 & 1 RADS1 [A]E 4
1(RadS1) 3fe 40 61 3 /1N 40 s il 5 20 g ( NSCLC) H )
YA R 5, OF HA R AR X AR R R RS
MKK1/2/ERK1/2 i B B2 36 A6 2 kg &l
D7) o b 40 o 4 R X A2 AR o ( RXRa) 1Y [
U5 S YR SR A S TR R T SR AN, R K R
PGt fE 5 RXRe (EEH MBS E5R
F

FHEAE P ( plumbagin ) &b 3528 A 7T LA 3% Jin 44
Ha Py ROS By7K -, F 1 Bax,Bel-2 [AJE$5 Tl A F
(Bak) fll CytC By %35, T ¥ Bel-2 193535, JF 0 i
NK-«kB ) 1% 1k, 1 i1 Caspase-9 A1 Caspase-3 f{
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Wk PI3K/ Akt 58 8 5 3 , 90 i 40 g o % o T L

Beta, beta- — Hl J& P M Bk 48 35 &£ ( DMAS) 78
AS49 20 M i S A0 L AR 22 1) p38 BRER AL, LA A
i T A< 8 4 D7 =4 ) 400 L 2= 4 . DMAS 38 ] BLR 4
20 M U8 T A -2 (eTAP-2) R XS B0 T 2R
F (XIAP) ik, Jf H 198 Bax F1 Bak 7540 g (1 4
K TR B AR b 5 0 L T, S L b 2ok A
R HL 7 3% & F1 CytC B i, JF ¥ % Caspase-9,
Caspase-8 , Caspase-3 , fifi Jii 2L it B8 IR 7 — R R A% B 3k
AW (PARP) 17

R Wy ] LA 5 20 IR AR T A 2 08 T, B AT LA
fEE A549 4l s ROS Fl Ca®* B AL, A A% 2% 0L 1A i
AL (AYm) F =B RR IR 1 19K -, fil & DNA 451 645, 3
B CytC /g B, BN B0 T R B, A
Caspase-3 , Caspase-8 , i T- &5 H [iff 8% 15 Al F-1 ( Apaf-
1) R T S (ALF)

Aurora Jffif A(AURKA ) J& —Fh B 5L 4, 9 i
22 G R -7 2 R VA , VA1 O L s ) A R A 22 0y R
AR, PSR DL R A miR-32 i At AH O
miRNA #9315 #H AURKA Sk#m4 NscLc'™ . 5+
Z 0L, FTHI ] AS49 40 AY AR K i 5 INK (5 515
T YIS AT il & T CytC R 3 1Y Caspase ZR K
N

108 3 410 ) 240 R B A D, 0 R ) R
PR 4 (Cdk4 ) F1 20 L J5 399 45 1 4008 R 6
(Cdk6) , REMR A LIS G,/ G, IR o i =040 i
AR F B, KB FR I I 1 AR A5 il DNA 45447155
S 3 H 153 ( GADD153) #1 78 kDa % 44 ¥ )8 5 45 (A
(GRP78) By ik 7K F-, i P b A Joi 0 iz 95 ) A i 2
FAREE T ROS Al Ca’ " By 72/ i S T b M B
RLA R [Apsi(m) ], 23 T CytC N ZRL i RE L,
{23 Caspase-3 1AL I BN =, R TF i T
pS3,p21 Fll Bax HY/KF, HEEAR T Bel-2 HKF . £
BA K% R AT LA 3 Ca® " R M M 4ok ik R 2 A
AS49 4T

WA AT X AS49 A A B AR HLAE A B R
R 53 AR AL b ARy IR H, - BB X T A5 4 1 455 A L
TRBA

FIEER A BRI Ak ROS WS 19 MAPK {5 5 %
7 AS49 AT, [ IR pS3 Bt

FUEE R BRI R S A MR T, AR A R
D A R T3 T AN B b A R ORI
B R R In, 3% 4L 1) Caspase-3 3§ /i1, PARP 5 1] 3%
Z . &) LLHE 3R ROS = A, [ I 0 MAPKSs, fiff

.36 -

ZRERXIF TR T (anoikis) , 542 5 2
163 1 (MAP) Bl o 5 i 26 11 Rk A 60, 2
PN YNGR U AR et R i 2 W] D 7 o
DNA f51 45, ffi DNA 15 52 Jiff 4 8-% 3 19, 150 0% 4% 4F iR
i (hMTHI ), 8-F% 5& & I % 17 i 1 (hOGG1 ) Al
DNA f5 5 & 52 3 DR 6 0 0%/ 6 v e A% 1R PN 11D il
(APE) mRNA (3 ik 47" 76 iti 98 40 i H460
Hp 2 R R 3K A X A R R 4 P S O S
TR AR 25 G el AR AT AR 2R T C (PKC) Y
ik, JF HH 5 PKC A 5 09 4 B 42 A0 G &R 1
RAS,RHO, p38 , UK 75 % (1 27 (HSP27) , JR 3k Bk %
BEWHG (FAK) | o-fLSh & (1RGO & 1 XA
1L R T B P S IR i N R A PN R R
164 F HSPT70,150 kDa % i 15 & (4 A (1 i — 6
Gt S AL T G A5 1 I, ATP A i 32 20 40 ), TR ATP
IR S T AR A R

VIR (salvicine ) A] 75 3 fifi i AS49 4l Jid
() DNA Sk W7 24, st kr DNA 04455 Fl sty 12 ol . v
JREE AT DL B b 45 A 2R 1 2 (TREF2) i 3R {HOR
WA T H SO AR S R B, Ol TREF2
—J7 1 R P i kR DNA RT3 K40 DNA, 55 —J7 1l A
BIHTEEZ R (ATR) Rl TRF2 2 [7]38 o 76 9 it &
RN DNA B3 45 15 5 1% S A0 T8 755, ATR X
v b7 A= 1l 28 OC HE TR Y ATR 3 0 vb 2K B fih
i) TRF2 i 5, i TRF2 Ja 2> X A] DL 3 5% ATR I
B o Vb IR L AL T v B R R R TR
PO ASA9 4 Jfd i g br B0 1 o VD IR B L H A
2l W) T 7 R b 0 o e S MR . D3 ANAE S il 4 h
Ja , U IR B R R W AS49 41 i N i R 30 A S
fig ChTERT) , s %7 il AH 3¢ 25 1 (hTP1) F1 N S b il
(hTR) mRNA fy %3k,

B P E 2 i A AR P9 T 300 sk i g T B, Sk A il
() 52 ) B 5 A K B0 4 e R BE A T
B

Bl H S AT i CD4 * T 40 i /Y 40 it 25 0k, (B
RERZ N CD8 " T 4 i i 4 f 5 Pk o [FIB, B Pk = 15
5 CD4" T 4 b i p-JAK2 Fl p-STAT4 7 (42535 .
Al UL R PR 2 G A NG JAK2/STATA i 42 34
CD4 " T 4 85 , 4 ik Ha46 411 (1 Jibod A 4 17

SYUNZ-16 g4 Akt {9 85 /% 1L , 7] B 7% S
T2, MR A 1V (Annexin V') [ 40 M, 1% 16 19
Caspase-3 1 PARP F B, It #h, SYUNZ-16 DL #| &=
R 1 ) A 5 1 Ty X 4 ek 5 S Sk HE 2K 1 O1
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(FKHR) 1 X 3k #E #5 1 03 ( FKHRLI ) 1) % g £k 7K
ot H S 84 B FKHR 9 4% B 80, 9F 5
Bel-2 FEFE A 11 ( Bim ) g I8 58 H 7 32 4 1 B AH
X DEATH %5 ¥ 3 25 = ( TRADD ) 7 % 40 Jf v (1
mRNA ik,

Dioscoreanone ( DN) Ji&f 2% 21 Mg 4324, 358 21 e J&
WIBHWEAE G,/M ], 3 G, 4N (P T- 40 ) 1)
U 2 R TR ARS8 2 384 o, LB B ) (9 4 %, DN 3
Y A549 4i fg v Bax/Bel-2 , & B L 4 4Ok 1K %
BESFMpERET,

4 A RHEERR AL TR K AS49 4 i B 7 B R 1 44
M T HRRAE R IE AR (b DNA R Befb, 4 XA
kSR R A B AS49 20 it T 5] R 4 AR R T A5 S R
fit} 1(ASK1) i1 ROS f=A: 1, 51 & INK #4756,
V'S c-Jun BERR AL, B B AP-1 5§ 54 DNA-ZR (1 i
BAWY, i Bim F K8, i 285 30 A549 41 i I
Too FEPAT-ARR A, & SOf MRk IE IR 1T 75 5 4ok 1A B
HL A 2 e FAORLAR I T2 2 1 (f2. 45 Cytoc, 28 — 4 kL
AT A= 1 2 e K 4% Tl 387 770 ( Smac) A1 T S
T (AIF) R, AR, 4 SO Mt TR LA A Ji) 4K o
o7 % Akt R IE BT A R4 R Y I Ak Y
Akt 5% 9% A549 4 il 5 25 40 ) 4 SCA RHEERR S S 1
Bad 3% L M40 ML JA 777,

25 5 RN A-427 400 £ 5o R F
MR WK 3,

2.2 iFERAMm MAALSYE LGS ERT
ATG5 ,LC3 & [ W AH 5§ 5505 5 Il 9 4 B 08 1=, 4
il b ged A=

KE R AE AS49 filidiz 48 A rb v LLSE i B T p53
RAE LW LC3 gk, 5 AWK, ATGS &5
pS3 A IR AL L AR B K pS3 Tfig .

FIAE P B FT LA BH A 40 i F G,/M 38, I B
AS549 2 ff P9 36 PRSI K . IR PR S S 0 R T
5 AWE Z (8] A7 78 8 4, AR PR IR GE 2 B0 PIBK/
Akt/mTOR 3 4% 7] &k 40 1k b 375 S | W, 1 e ) 10
B 75 U 2 B AR PR R S i

Bt 2 i LA e J3 RS ) A4 o 4 =7 5 400 e o
ROS WJE B, fe ik LC3 3R 3K, 155 A M, i H [ Wi
o N-& Bt 2 Bk & R ( NAC), INK siRNA Al
SP600125 il . K20 (10 mg-kg ™) fE AS49 &
F RS AR R B v 2 o 0 o) b o8 A G SRR 4 G o
NAC (50 mg-kg ") Jh ] 4b Bl 25 58 4x 3 B o 1) Ok
Ui, BRPT S n] i ok G INK {5 5 38 B, 59 i 41 B
N ROS AR A, K4,

2.3 B A A, S0 AR A AR 2R T i A
AN 22 A o HLAT AR R A 28 A 2 i R F R %) B
AR A — SR 2 A G W B B I I A AR AR
AT BEL 1k i 98 2 Jee )V H o

KR TE AS49 Y0l P2Y Z ik
() Ca” " HEHIAN NF-xB {55 5 1& SR Ml ATP i 51
WigH AT K EMT ', CXC #afb N 732 1k 4 11/ %
JoT 4 e AT A2 Bl 1 (CXCR4/CXCL12) il 2 5 41 ik i
TR ZE GRS . KR JE CXCR4 K35 (145 5 BH
), 9 Lk LA IR T R B R AR B BV

AL FHER T B 38 o) 88 ) TL-6/STAT3 {55 f%
B 19981 F1 NLO9SO 41 iy i 34 5 43 281+ |
TAMEGE AR, i B 25 1 (OPN) Jl o & &
BE G (FAK) /Akt/Rho #H 5C i (ROCK) & 12 A
G € 1R E e S R e NI (17 2 SN | A N1
TR ML AR 28 . T AR PR R 6% A AL ) OPN 75
5 ROCK1 35 DL M LIM # & 1/2 ( LIMK1/2) #1
WLBh & [ R R ik, If i OPN 5 5 ) FAK Fl Akt
(R R 1 08 /0, DRt 1 A PH IR e 6% 5 204 /) OPN 3%
S AS49 4 g Fn H1299 4 i 1 i 3h F iR 28, 16 1
A6 PF IR A BB 40 B, OPN 240 i 745 A /%9 AR £ J2
TE B 2 BEAR . A /N BRI Y, 1 AR PR AT A 2504 1
OPN i T By 2 B ik i 2 A7

oy F X AT R S T, 7T LR G X 2
I P R A A A A TR 7 &2 4k 2 (VEGFR2 ) 25 1 A 38
Mg, DL H M AR i Cys917 JE L H 8, JF 5
Val848 JE i m-m W B EAEH . RHFHSE T, 7T
L3 i3 #0 7] VEGF/VEGFR2 (1) 5 1 3 i 45 #y 4 ok
1 T A

SRR A (B R O E NS
TBEHE B R ) B M H VEGE b # Ay A i
BN R0 (HUVEC) (93 %, v 58 75 28 X 1l 45
WA K - (VEGE) A= Ji B A 1T 45 S 19 30 1 1E
FH o 3 Ffis £ 9 m] A AT 18 BRI R 41 U I R 0
) (uPA) 1y 35, (H A 30 1 H 32 /& uPAR, %% &
o] g 3 W BROLLC B AR K i KA AR
VE I RE R R AT, 7T UL 58 15 2% K A A ) i
I A B PR 0 086 5 3 B R ol 45 A B RN Bt vk R
KAERT

A PN 5 RS AR R AR 7 4 U fiRk ST R B 2 1 11
JIs R 96 T80 0L A T G, A, 45 it 5 B 4 I A R A T
BCRS 2R A, 4 S iRt TR 8 55 M 90 o B 5 3R AR
KR -1 (IGF-1) 375 5 (9 A BF 10487 P9 B 4t i 1) 45 2
B, TN SE M 3R A K R E . RS R AE K
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Table 3 Anti-cancer effect of quinonoids by inhibiting lung cancer proliferation and inducing apoptosis or necrosis
[ e ] 20 Jf0 ke i A5E Y 65 T 8 15 YEH 2% 3CHk
BIER A549 41 iy p38,JNK, ERK1/2 HRET [6]
NS AS549 41 FASL, C-mye 5 40 i A K A O T (8]
A549 4 Jif1, H1299 41 iy TRIB3 ,NF-«B BT [9]
A549 4 fifg , H1975 40 i AMPKa, ERKI/2, PPARy, #7404 K [12]
IGFBP1,Spl
A549 4 i , SK-MES-1 4 fifs ERCC1,Rad51 A0 4H 41 i 6 B [13]
A549 411 p53,Bax, CytC, Caspase-3 HSHET [10]
Anip973 4 il Caspase-3 7 S R T, BEL T 4 R 4 [7]
H460 4 i3 RXR 5 L S T [15]
H1650 41 i, A549 41 Jiil, H520 ERCCl, RadS51, MKK1/2, 54003 H: [14]
4 g, 1703 41 Jifs ERK1/2
A549 41 iy Bel-2, Bax, ERK, Akt, CytC HSET [11]
46 FHER A549 ,H292 Fi1 H460 41 Jif NK-«xB, Caspase-9, Caspase-3, #3454 1AM T [16]
Bel-2, Bax, Bak, CytC,1«B
Beta, beta-— H JL 7 A549 41 jif p38, Caspase-9, Caspase-8, M5, %S [17]
IE R R Caspase-3 ,PARP, CytC
N A549 4 i CytC BN B A 3 [18]
FFEE H1299 41 fifd , A549 4 g, SPCA- miR-32,AURKA AN g R R T, [19]
1 4f i, HCC827 41 Jfd, BEAS-2B EL 4 41 it F1 490
4 it
AS549 4 jig IJNK, Caspase-9, Caspase-3, ESHH T [20]
Bax, CytC
PN A549 Z1Jit cyclinD, , Cdk4, Cdk6, pS3, p21 755 41 Jfa J1 451 BEL 9 it 4 i o 12 [21]
Fl Bax, Caspase-3 , cyloc
1 Bk I NCI-H322andA549 - 5 2 o R (22]
s A549 4 g p53,clun/p38, Bel-2 MBS, ST [23]
EEPN- ¢ H520,H226 , SK-MES-1, H1299 Caspase-3, PARP, Caspase-8 1 il 4 40 MU 34 5, % S A A (24]
Caspase-9, MAPKs L & PI3K/Akt 3142 i 1 40 o 9 1~
H460 4 Jify nucleophosmin HSET [25]
H460 4 jits Caspase , MAPK , anoikis, a-actinin SRR T [26]
H460 41 1 hMTH1 ,hOGGI1 , APE FEA M SOk WS S DNA B [27]
DL 5 40 0 1
H460 41 i PKC,RHO,p38,HSP27 ,FAK S AE T [28]
H460 41 iy HSP60 , HSP70 S g stT [29]
IR A549 4 i TRF2,y-H2AX,ATM,ATR, 51 % DNA XUk B 24 i b 42k [30]
p-p33, Hifl«
A549 41 fifd hTERT,hTP1 ,hTR 00 ) A Tl 9 [31]
Fe A+ 2 i A549 4 g - 00 ) 248 M A A 0 e 98 T B [32]
H446 ,CD4 * T 4y p-JAK2,p-STAT4 000t s e g ) 40 B A [33]
SYUNZ-16 ( % %1 & GLC-82 4iif1 Caspase-3, PARP, p-GSK3a/8, i34 , ST [34]
i) p-Akt, p-FKHRLI , TRADD , Bim
dioscoreanone A549 4 il Bax/Bcl-2, Caspase-3 HSET [35]
4 A fRHE R A549 4 iy ASK1, JNK, AP-1,c-Jun, Bim FHRAT [36]
A549 4i i Cyto-c,Smac, AIF ,Bad,Bel-xl, Akt 3E S 1= [37]
ESEE LIS A-427 4 - 5 40 i 7 [38]
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Table 4 Effect of quinonoids in inducing lung cancer autophagy
MG 28 Jf0 o ol 468 75 ) HE YEH EE PN
KiEE A549 41 iy ATGS,p53,LC3 S A W [39]
BRI A549 4iififd H23 41 fi PI3K, Akt, mTOR, p38,LC3I,LC3 Il , iEM A A0, BHA A ME [40]

Beclinl

Kt 2 AS49 28 iy, AS49 S5 B B AR B

LC3-I,p-JNK,LC3-1I

55 40 I 00 A e A [41]

R -1 24K (IGF-1R) A9 15 1 488 55 5 o g 1ty 4% A i
ARSI . 4 XA k3R TR LA B 0 7 =X
Ml HUVECs 19 IGF-1 ST B 5 B W A %%

xS BRENESURNEER MEHMBEIBNEE

4 IGF-1 51y IGF-1R J K F (= 240 5 ({45
20 g A5 5 95 5 3 , Akt, mTOR , p70S6K ,4EBP il
cyelinD, ) BIIEAL A . W#ES,

Table 5 Effect of quinonoids in inhibiting angiogenesis, tumor migration and invasion

M2 L& il oy SRR 0 0 45 (= EE BN

TS A549 Zi P2Y receptors, NF-xB 4 ATP ¥ S (445 , TE 7%, EMT [42]
A549 4 i CXCR4,CXCLI2,HER2,NF-xB 0 200 M ST RS AN AR 2R [43]

1 AE TR 19981 1 NL998O 4 ity IL-6,STAT3 005 200 3 AR 2R [44]
AS49 2 Jfa A1 H1299 44 fiy FAK, Akt,ROCK1 ,LIMK1/2, cofilin 4101l 48 Jf3 3T 5% 1 12 22 [45]

P&, A549 41 VEGF, VEGFR2 TR TR, 5 U T B A R [46]

9, 400 A AR AR

LT A549 40 0, /N Bl LLC Jh 7 4 uPA PO A, PR K A [47]
% HUVECS

AR AS49 i IGF-1R, ERK, Akt, mTOR, il & 4 i [48]

p70S6K ,4EBPand cyclinD,

2.4 MRFALA WIS Y YU R il
I AN M X AR IT 25 4 7= A £ 25 25 M (MDR) J2&: 4k 57
YRR A — A EERN R, AR Z IR
2] AR RE A 23R 18 22 22 W b 3 5 il 9 MDR, 2
AR U PR 25 40 v 0 MK H L 22 0 A T g A B Y
PREL S BR2E AL WAE X 7 Tl A — R RS A
SR A G ) T LAl B 2 AL, 00 e 2 2t 24

AU DL 2 0] 38 58 iR SR B8 T (TNF) 41 56 8 T2 1%
S HCR (TRAIL) 509 AS49 A -, X Fh B R AE
FAATRESE R T8 T TRAIL Z A ST (ES
MR ATHZMA s, A TRAILR2 , XIAP, 73
% (survivin) , Bel-2 F1 40 0 Fas-#H 3¢ M 56 T2 45 #4 15§
FE L4 ML 218 6 6 W 10 ) 2 11 (e-FLIP) P 34
DA L 5 TNF-o, B[ 5 25, A2 W5 S 10 04
ToRRRE S . XTAP B 75 26 15 76 96 7 HA60 20 Jig fr) It
BV 2 P v ke OGSV T, B DL 3R (XTAP # il 5)) sk
SIRNA X} XTAP 75 V£ (%) BT 7] DL 34 A Caspase-3 175
Ak, A2 S AR S 9 H460 4Nt .

Twist, Snail,, Slug fi iff 34 5 , i #% A1 {2 22 JF 3 il
M TS, 5 Dox R () H69 £ g 4 b , HOOAR W]
55 Twist, Snail , Slug (Y 3k, 1M Dox 5 KB F B

AR A RAATT 263k o F AR B R 0T LA 2 b i
% H69AR XF Dox By PT i, X R i 5 4l EMT, 41
H 58, P8 T, 3 B ME 2B AMF 47 . RadS1 7E [l
U B 20 v k4 AR D TR AR T SO S 2k it 32 1Y) g
SiE T RadS1 @23k, K % ) 38 i FE AL RadS1 1Y
FIRH ERK1/2 1 R Ak ok 1 s Bo b 3 Bt A= R 22 %4
B = C(MMC) A~ 4 ML 2 VR . AR, RadS1 1Y
1o 3K AT LA P i 98 40 A 6 27 K B R MMC i
F b ) 4 B 35 1

FHEE T, 38 B0E & o Il 208 i 2 R T
Bk I F 4 (PERK-ATF4) ik 42 3 Jin 38 12 32 & 5
(DRS) #1 C/EBP [R]¥ & 1 ( CHOP) iy £ ik , i A LA
T STAT3 (8RR fL R survivin (9 E ik, FH S8 1,
A TRAIL [ B 4 38 J7 BB 0% B X TRAIL 4T 1, 7
TRATL 40 9 40 2 b i 3 7, G E 9 72 0 P
011, Bk A PR W Bk e (CTX) W] 9 il g 2 21
Bel-2 (83K, 1A Bax ik, 9108 A& il 45 T8 W 1
JR A 20, O 1 o R T g, B AT B Y R O
PO PRSI B BT AT B R ) AS49 4
JiL B ST A%, 5 A0 L 08 T I BELI 40 AR 0 S
G, W1, WG H 25 2i3ayr A tevT ifF— 25
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VEGF, VEGFR2, p-PI3K, p-Akt, Bel-2 FiI Caspase-3
ik, o TRERERY, SWERML, S
11, 7T LA ok S 5 0 5 A R A DX 42 3 i A il
QRO R C (V=R

R R # A IR L (RHL) 158 A2 BEHK 5 b 2
NSCLC 40 g 25 , ol . 2 0 ) Ho 44 5 . RHL 3 i s 2>
ERK {if ¥ JF 3 hn 27 %1 19 5 (ADP-# # ) R & i
(PARP) Fll Caspase-3 fi 7K ~F- oK 3 58 55 42 B2 175 5 1)
PR

TENEAT 25 A549 4 rp Nef2 J HH0 5L R 5 4
M2 I 22 R 5 SRl ( GCLC) |, 4 20 It 2 e 2 1R i 452
At} (GCLM ) , IfiL 21 38 Jii % -1 (HO-1) , A NADH
Jii ZUmE 1 (NQOL) , £ 251 25 A1 5C & 11 1 (MRP1) 4%
DAV 2 A KO- W1 BB R T AS49 AT, B PSR A

®6 BRENSYIBEHMAGMHHRMEER

G4 F 5% IO7 F T L 48 5 M 61 5 245 AS49 2 Jfa Xof it
Y A DA TIT 5 540 T B T RO T X e 6 A A
FI AT BE Bl Nef2 BER BT B B SR OE il & T
MAPKs, Akt 1 STAT3 ¥ % 25 H fth — 26 35 K AL y7 it
TS . BPHS BT BEAE N — P e B e
PURE 25 W0 38 5 ) Nef2 38 42 0k - 1k 7 if 24
i B S A AT LU G R DRSSk 1
TRAIL 75 5 19 41 fg 07 1=, 68 98 ¢ TRAIL H % fili 4
A549 4 Ha % fk h TRAIL US40 . DRS fichk &
HEW B PH S B X TRAIL B 28 6934 3 46 1 . Bt 2
Bl G (9 DRS 19 & pS3 3E e iy, (EL 4K 81 T
CCAAT/HE 3 T-45 4 8 (R I 2 11 (CHOP) {935 S .
CHOP [ @8 B 7 B F+ = Wi 5 5 1) DRS 33K Al
TRAIL /S iR s T i Wk 6,

Table 6 Effect of quinonoids in enhancing anti-lung cancer effect of other drugs

MRAACAY 40 Rk ol A A 00 A A5 fEH %7 ik
wnE A549 41 iy TRAILR2, XIAP, survivin, Bel-2,  #38% TRAIL %S 090 1 [50]
c-FLIP
H1299 41 i IkBa,NF-«xB,PARP {23 TNF-o 51 Y 52 491 98 1~ [51]
H460 41l iy XIAP, Caspase-3 A2 T A0 75 5 A R T [52]
KR £ 2Tt 25 H69AR 41 iy Twist, Snail , Slug, NF-«xB Wi HO9AR X} £2 3% [ & itk [53]
H1703 40, A549 41 i Rad51,ERK1/2 WP Y L EEC [54]
(MMC) A 51 40 f 357 H
PS50 A A549 , H596, H1299, Calu-1, TRAIL, DR5, STAT3, PERK/ #f8% TRAIL ST [55]
H460 4 fitl ATF4 ,Survivin
Lewis fiti & /> B Bax, Bcl-2 T5C A BTl Tk e 410 18 387 2 105 T B, [56]
15 9 T g
A549,PC9 Il HLF 4 Jfu Caspase-3 , Bax, VEGF, VEGFR2,, & 15 B 8 2R X AR /I A0 A il g 104 B [57]
p-PI3K, p-Akt, Bel-2 , Caspase-3 JAp:
PN H460 1 A549 4 Jif1 Bel-2, NF-xB, PARP, ERK, 3854842 B il 40 i 33 4 [58]
Caspase-3
PR AS549 41 Nrf2, GCLC, GCLM, HO-1, i#kIi%i 2y [59]
NQO1,MRP1,MAPKs, Akt, STAT3
A549 4 fif CHOP,TRAIL2(DRS) saos TRAIL i S T [60]
3 HitERE FH 110 iR 98 o 0 458 W) AT DA o 98 4 28, 348 5o 7

i 2 AL 5 1 04 T i i AR e 2 AR Y, W R
i P A VR 220 (P L) A i 2 i i 40 M O 2, 40
] Fif 98 394 BELIE RS 164 5 T IR 24 0 4 25 205 O TR
A BT, BAT )2 W R TR S

i S Ak 5 W B B0 I e 4 0 5 e R e TR e 4 AL
FPE S UTAH G, bR A ST PR 05 2 — N IE U5
TREIHIINEE o JRAE R PO I E A 5 A Ak AR

.40 -

R A A, S0 R L W BE RN 3 RE A R 4 — R AT
HAE B TL-10, TNF-o 55 305 % [ g ok 2 58 1) B 92 411
RS A 2t Arb R 2 ML R T . NF-xe Bl B 9 1
LGSR B YT TR K Bel-2 By AT, EIE
HAOB A C R (1 40 CDK1, CDK2 () 38 3k , 42 1 40 it J)
T DA A 40 i 14 5, [ B 3R 23 5 MMPs (1) R 5K 1
A, I A A B A0 R T, DRI T R E A B 0 R S iR
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Fig.1 Some targeted network map of anti-pneumonitis quinonoids

O NF-xB 3 04 35 Ak R £ 1 A A s AR
KW T4 VEGF ik, il T B 5%
721591 NACHT, LRR F1 PYD %5 4 3 & 4 3
(NLRP3) R AE /N4 5 fig 42 i b 98 1 02 iR L 1R 28 7%
B, 1 NLRP3 3 3% (1 56 8 o0 £ Z — J& ROS [y =
A0 T N2 3 B AT LR i B R PTG A A
FTY o R Al A 0T 3 3 K 11 3, T R R
it 8 VE FH 0 R ZEALH . CA R T R R KE R .
B ZHRRE M NF-kB 4 5 18 5% 00 1% 1, 1 B
xR A] DL i G Nef2 i 3% R E BT AE

XEEER AL A YRR 2 KB A1 T I
I 3% & F= A R DR, mT et & R L RVEH 2
AL AT S AT A ) B R R B 2k A
WHETE P25 iR #e 28 FIEH %25
EL R N N R Y/ B R N 7R B
L, 3 S 2 Wy T e E o 1 T 1 kA R T B 1) g
PE A

AR AL A W) AR A ML 4549, 78 T —
AR AR R AE A A AN TR 38 2 F 55 45 0 114 22 1) 5
ANEAE R Z E 3 6 &R — A LB B g5, X

AT RME TR — RS YR R, s
BHBYVE R, LA T B B e 2 B v R 08 SR A Y 52
5 BIL A< Hh

MR AL & Py TE A ) 500 A FLBE) 2 BR T AF S
Il L Z IR, b A AR 208 B A IR 2 b & W e
AN R B, AT AR /N 40 I g H ) N A s TR
W, AT LAREAT S A i AT ST o R AE AN R I R A S, TR
AL B WAL 25 vh ek SO W B R A R LA T
X S g 2R 8 B T L NK 200, T 4 A A g
240 L 14 S 2 TR AT T S A R i — 2D BIE 5

(B3]
Siegel R L, Miller K D, Jemal A. Cancer statistics,
2015 [J]. CA Cancer J Clin, 2015, 65(1) :5-29.
Orlikova B, Legrand N,
inflammatory and anticancer drugs from nature [ J].
Cancer Treat Res, 2014, 159 (159) . 123-143.
A, KT e, FAHE, B AP R R
[M]. Jbmt. i [H B 25 R 8 At ,2002:140-178.
AT KRR ELM ] BUM IR 2 AL,
2011:129-149.

[1]

Anti-

et al.

(2]

Panning J,

[4]

.41 -



55 25 55 14 ] FEXEFFFRE Vol. 25, No. 14
2019 47 H Chinese Journal of Experimental Traditional Medical Formulae Jul. ,2019
[ 5] Asche C. Antitumour quinones [ J]. Mini Rev Med (4) :2325-2331.

(6]

[7]

[8]

[9]

[10]

[11]

[14]

[15]

[16]

Chem, 2005, 5(5) :449-467.

Avisetti D R, Suresh B K, Kalivendi S V. Activation of
p38/INK pathway is responsible for embelin induced
transitional role of

2014, 9

apoptosis in lung cancer cells:
reactive oxygen species [ J]. PLoS One,
(1) :e87050.

LI'J N, LV F Z, XIAO J L. Effects of emodin on
proliferation cycle and apoptotic gene of human lung
adenocarcinoma cell line Anip 973 [J]. Chin J Integrat
Chin West Med, 2006, 26(11) :1015-1017,1020.
LIW Y, Ng Y F, ZHANG H, et al. Emodin elicits
cytotoxicity in human lung adenocarcinoma A549 cells
apoplosis [ 7 ]
Inflammopharmacology, 2014, 22(2) .127-134.

SUJ, YAN Y, QU J, et al. Emodin induces apoptosis
of lung cancer cells through ER stress and the TRIB3/
NF-kB pathway [ J]. Oncol Rep, 2017, 37 (3):
1565-1572.

LAI J M, CHANG J T, WEN C L, et al.

induces a reactive oxygen species-dependent and ATM-

through inducing

Emodin

p53-Bax mediated cytotoxicity in lung cancer cells []J].
Eur J Pharmacol, 2009, 623(1/3) :1-9.

SUY T, CHANG H L, Shyue S K, et al. Emodin
induces apoptosis in human lung adenocarcinoma cells

species-dependent

(J].

through a  reactive  oxygen

pathway Biochem
Pharmacol, 2005, 70(2) ;229-241.

TANG Q, WU J, ZHENG F, et al. Emodin increases

mitochondrial  signaling

expression of insulin-like growth factor binding protein 1
through activation of MEK/ERK/AMPK and interaction
of PPAR and Spl in lung cancer [ J]. Cell Physiol
Biochem, 2016, 41(1) :339-357.

HE L, BI J J, GUO Q, et al. Effects of emodin
extracted from Chinese herbs on proliferation of non-
small cell lung cancer and underlying mechanisms [ J].
Asian Pac J Cancer Prev, 2012, 13(4) :1505-1510.
KoJC,SUY]J, LINST, etal. Suppression of ERCC1
and Rad51 expression through ERK1/2 inactivation is
essential in emodin-mediated cytotoxicity in human non-
small cell lung cancer cells [ J]. Biochem Pharmacol,
2010, 79(4) :655-664.

HE F L, WANG L, ZHANG X K, et al.
induces apoptosis of cancer cells and inhibits retinoid X
[J 1
Pharmaceutica Sinica B, 2008, 43(4) :350-355.
XU T P, SHEN H, LIU L X, et al. Plumbagin from

Emodin

receptor  transcriptional  activity Acta

Plumbago Zeylanica L induces apoptosis in human non-
small cell lung through NF-«B

inactivation [ J]. Asian Pac J Cancer Prev, 2013, 14

cancer cell lines

.42 .

[17]

[19]

[20]

[22]

[23]

[24]

[25]

[26]

[27]

WANG H B, MA X Q. B, B-Dimethylacrylshikonin
induces mitochondria-dependent apoptosis of human lung
adenocarcinoma cells in vitro via p38 pathway activation
[J]. Acta Pharmacol Sin, 2015, 36(1) :131-138.
NICH, YUCS, LU HF, et al. Chrysophanol-induced
cell death (necrosis) in human lung cancer A549 cells
is mediated through increasing reactive oxygen species
and decreasing the level of mitochondrial membrane
potential [ J ]. 2014, 29 (7).
740-749.

MA Z L, ZHANG B J, WANG D T, et al. Tanshinones
AURKA

Environ Toxicol,

through up-regulation of miR-32
L]

suppress

expression in non-small cell lung

Oncotarget, 2015, 6(24) :20111-20120.
ZHANG J, WANG J, JIANG J Y, et al. Tanshinonell ,

cancer

induces cytochrome c¢-mediated Caspase cascade
apoptosis in A549 human lung cancer cells via the JNK
pathway [J]. Int J Oncol, 2014, 45(2) :683-690.
Hsia T C, YANG J S, CHEN G W, et al. The roles of
endoplasmic reticulum stress and Ca>* on rhein-induced
apoptosis in A-549 human lung cancer cells [ J].
Anticancer Res, 2009, 29(1) :309-318.

ZHANG X B, ZOU C L, DUAN Y X, et al. Activity
guided isolation and modification of juglone from Juglans
regia as potent cytotoxic agent against lung cancer cell
lines [ J]. BMC Complement Altern Med, 2015, 15
(1):1-8.

WAN L, ZHANG L, FAN K, et al. Aloin promotes
A549 cell apoptosis via the reactive oxygen speciesa -
mitogen activated protein kinase signaling pathway and
p53 phosphorylation [ J]. Mol Med Rep, 2017, 16
(5):5759-5768.

WU Y Y, ZHANG J H, GAO J H, et al. Aloe-emodin
(AE) nanoparticles suppresses proliferation and induces
apoptosis in human lung squamous carcinoma via ROS
generation in vitro and in vivo[ J]. Biochem Biophys Res
Commun, 2017, 490(3) :601-607.

LI H Z, WU C H, CHANG S P. Release of
nucleophosmin from the nucleus: involvement in aloe-
emodin-induced human lung nonsmall carcinoma cell
apoptosis [ J]. Int J Cancer, 2004, 113(6) :971-976.
Lee HZ,YANG W H, Hour M J, et al. Photodynamic
activity of aloe-emodin induces resensitization of lung
cancer cells to anoikis [ J]. Eur J Pharmacol, 2010,
648(1/3) :50-58.

Lee H Z, Lin C J, YANG W H, et al. Aloe-emodin
induced DNA damage through generation of reactive

oxygen species in human lung carcinoma cells [ J].

Cancer Lett, 2006, 239(1) :55-63.



[30]

[32]

[34]

[36]

[38]

[39]

kinase C delta-mediated cytoskeleton remodeling is

involved in aloe-emodin-induced photokilling of human
lung cancer cells [ J]. Anticancer Res, 2012, 32(9):
3707-3713.

LAT M Y, HOU M J, Wingcheung L H, et al.

Chaperones are the target in aloe-emodin-induced human
lung nonsmall carcinoma H460 cell apoptosis [J]. Eur
J Pharmacol, 2007, 573(1/3) :1-10.

ZHANG Y W, ZHANG Z X, MIAO Z H, et al. The

telomeric protein TRF2 is ecritical for the protection of

A549 cells from both telomere erosion and DNA double-
strand breaks driven by salvicine [ J]. Mol Pharmacol,
2007, 73(3) :824-832.

LIU W J, ZHANG Y W, SHEN Y, et al. Telomerase
inhibition is a specific early event in salvicine-treated
human lung adenocarcinoma A549 cells [ J]. Biochem
Biophys Res Commun, 2004, 323(2) :660-667.

CHEN L, WANG H J, XIE W, et al. Cryptotanshinone
inhibits lung tumorigenesis and induces apoptosis in
cancer cells in vitro and in vivo [ J]. Mol Med Rep,
2014, 9(6) :2447-2452.

MAN Y, YANG L, ZHANG D, et al. Cryptotanshinone
inhibits lung tumor growth by increasing CD4 " T cell
cytotoxicity through activation of the JAK2/STAT4
pathway [J]. Oncol Lett, 2016, 12(5) :4094-4098.
DENG R, TANG J, XIE B, et al. SYUNZ-16, a newly
synthesized alkannin derivative, induces tumor cells
apoptosis and suppresses tumor growth through inhibition

of PKB/Akt kinase activity and blockade of Akt/FOXO

signal pathway [ J]. Int J Cancer, 2010, 127 (1):
220-229.
Hansakul P, Aree K, Tanuchit S, et al. Growth arrest

and apoptosis via Caspase activation of dioscoreanone in

human non-small-cell lung cancer A549 cells[J]. BMC
Complement Altern Med, 2014, 14(1) .413.
KUO C T, CHEN B C, YU C C, et al. Apoptosis

signal-regulating kinase 1 mediates denbinobin-induced
apoptosis in human lung adenocarcinoma cells [ J].
Biomed Sci, 2009, 16(1) :43.
KUO C T, Hsu M J, CHEN B C, et al. Denbinobin
induces apoptosis in human lung adenocarcinoma cells
Bad activation, and mitochondrial

2008, 177(1) :48-58.

Gruenert R

via Akt inactivation,
dysfunction[ J].
R A,

Toxicol Lett,

Mothana Jansen R, et al.

Antimicrobial and cytotoxic abietane diterpenoids from
the roots of Meriandera benghalensis ( Roxb. ) Benth
[J]. Pharmazie, 2009, 64(9) .613-615.

Haque E, Kamil M, Irfan S,

et al. Blocking mutation

independent p53 aggregation by emodin modulates

[41]

[43]

[44]

[46]

[47]

[48]

[49]

[50]

55 25 555 14 M) HESSEAFFERE Vol. 25, No. 14
2019 427 H Chinese Journal of Experimental Traditional Medical Formulae Jul. ,2019
[28] CHANG W T, YOU B J, YANG W H, et al. Protein autophagic cell death pathway in lung cancer [ J]. Int ]

Biochem Cell Biol, 2018, 96 90-95.

LIY C, HE S M, HE Z X, et al. Plumbagin induces
apoptotic and autophagic cell death through inhibition of
the PI3K/Akt/mTOR pathway in human non-small cell
lung cancer cells [ J]. Cancer Lett, 2014, 344 (2):
239-259.

HAO W, ZHANG X, ZHAO W, et al
Cryptotanshinone induces pro-death autophagy through
JNK signaling mediated by reactive oxygen species
generation in lung cancer cells [J].
Med Chem, 2016, 16(5) :593-600.

WANG X, LI L, GUAN R, et al. Emodin inhibits ATP-

Anticancer Agents

induced proliferation and migration by suppressing P2Y
receptors in human lung adenocarcinoma cells [ J]. Cell
Physiol Biochem, 2017, 44(4) :1337-1351.

Ok S, Kim S M, Kim C, et al. Emodin inhibits
invasion and migration of prostate and lung cancer cells

by downregulating the expression of chemokine receptor

CXCR4 [J]. Immunopharmacol Immunotoxicol, 2012,
34(5) .768-778.
YUT, XUY Y, ZHANG Y Y, et al. Plumbagin

suppresses the human large cell lung cancer cell lines by
inhibiting IL-6/STAT3
Immunopharmacol, 2017, 55:290-296.
KANG C G, Im E, LI H J,

signaling in witro [ J]. Int

et al. Plumbagin reduces
osteopontin-induced invasion through inhibiting the Rho-
associated kinase signaling pathway in A549 cells and
suppresses osteopontin-induced lung metastasis in BalB/
¢ mice [ J]. Bioorg Med Chem Lett, 2017, 27(9):
1914-1918.

XIE J, LIU J, LIU H,
tanshinone
VEGF/VEGFR2 expression on the human non-small cell
lung cancer A549 cell line [J].
Sinica B, 2015, 5(6) :554-563.
LI H J, LI H J, Magesh V, et al. Shikonin,
and isobutyroylshikonin inhibit VEGF-

et al. The antitumor effect of

I A on antiproliferation and decreasing

Acta Pharmaceutica

acetylshikonin,
induced angiogenesis and suppress tumor growth in lewis

Yakugaku Zasshi,

lung carcinoma-bearing mice [ J].
2008, 128(11) :1681-1688.

Tsai A C, PAN S L, LAI C Y, et al. The inhibition of

angiogenesis and tumor growth by denbinobin is

associated with the blocking of insulin-like growth factor-

J Nutr Biochem, 2010, 22

1 receptor signaling [ J].

(7) :625-633.

TCIE MR Bk . T 24 22 800 5033 A i 8 22 24 Tk 24 L 11
ﬁﬁﬁ[ IR R J Ze ik, 2014, 20(8) .
232-236.

et al. Effect of Embelin
.43 .

JIANG L, HAOJ L, JINM L,



225 B 14 1
201947 H

RESSEAFZERE

Chinese Journal of Experimental Traditional Medical Formulae

Vol. 25 ,No. 14
Jul. ,2019

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

on TRAIL receptor 2 mAb-induced apoptosis of TRAIL-
resistant A549 non-small cell lung cancer cells [J].
Asian Pac J Cancer Prev, 2013, 14(10) :6115-6120.
Ahn K S, Sethi G, Aggarwal B B. Embelin, an
inhibitor of X chromosome-linked inhibitor-of-apoptosis
protein, blocks nuclear factor-kappaB ( NF-kappaB )
signaling pathway leading to suppression of NF-kappaB-
regulated antiapoptotic and metastatic gene products
[J]. Mol Pharmacol, 2006, 71(1) :209-219.
CHENG Y J, JIANG H S, Hsu S L, et al.
mediated protection of H460 lung cancer cells against
cisplatin [ J]. Eur J Pharmacol, 2010, 627 (1/3):
75-84.

YUAN Y, LIAO Q, XUE M, et al. Emodin; one main
Shufeng  Jiedu
chemoresistance of lung cancer cells through inhibition
of EMT [ J]. Cell Physiol Biochem, 2017, 42 (3):
1063-1072.

SUY J, Tsai M S, KUO Y H, et al. Role of Rad51

down-regulation  and

XIAP-

ingredient  of capsule  reverses

extracellular  signal-regulated
kinases 1 and 2 inactivation in emodin and mitomycin C-
induced synergistic cytotoxicity in human non-small-cell
lung cancer cells [ J]. Mol Pharmacol, 2010, 77(4) .
633-643.

Kim E O, KANG S E, Im C R, et al. Tanshinone 1II ,
induces TRAIL sensitization of human lung cancer cells
through selective ER stress induction [ J]. Int J Oncol,
2016, 48(5) :2205-2221.

LI Q, HU K, TANG S, et al. Anti-tumor activity of
tanshinone [[, in combined with cyclophosphamide
against Lewis mice with lung cancer [ J]. Asian Pac J
Trop Med, 2016, 9(11) :1062-1065.

XIE J, LIU J H, LIU H, et al. Tanshinone II,
combined with adriamycin inhibited malignant biological
behaviors of NSCLC A549 cell line in a synergistic way
[J]. BMC Cancer, 2016, 16(1) :899.

ZHEN Y Z, GANG H U, ZHAO Y F, et al. Synergy of
Taxol and rhein lysinate associated with the
downregulation of ERK activation in lung carcinoma cells
[J]. Oncol Lett, 2013, 6(2) :525-528.

XIA C, BAI X, HOU X,
reverses cisplatin resistance of human lung carcinoma
A549 cells through down-regulating Nrf2 pathway [J].
Cell Physiol Biochem, 2015, 37(2) :816-824.

Tse A K, Chow K Y, Cao H H, et al. The herbal

et al. Cryptotanshinone

compound cryptotanshinone restores sensitivity in cancer
cells that are resistant to the tumor necrosis factor-
related apoptosis-inducing ligand [ J]. J Biol Chem,
2013, 288(41) :29923-29933.

FH [m) 78, A% W, 16 57 2, 45 FH R V% Xk 6 390 5 9 BT A i

.44 .

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

S AT 9 R R H X Mo 26 RE ] T, Treg, MDSCs
KFR S [T]. [ SE 5 O 2 Ak ik, 2016, 22
(22):160-164.

Zaynagetdinov R, Stathopoulos G T, Sherrill T P, et al.
Epithelial nuclear factor-«B signaling promotes lung
recruitment  of

2012,

regulatory T
31 (26):

carcinogenesis  via

lymphocytes [ J ].  Oncogene,
3164-3176.

Davies A M, Jr L P, Mack P C, et al. Incorporating
bortezomib into the treatment of lung cancer [ J]. Clin
Cancer Res, 2007, 13(15) :4647-4651.

YANG L, ZHOU Y, LI'Y, et al. Mutations of p53 and
KRAS activate NF-kB to promote chemoresistance and
tumorigenesis via dysregulation of cell cycle and
suppression of apoptosis in lung cancer cells [ ] ].
Cancer Lett, 2015, 357(2) :520-526.

ZHANG L, RUAN J, YAN L, et al. Xanthatin induces
cell cycle arrest at G2/M checkpoint and apoptosis via
disrupting NF-xB pathway in A549 non-small-cell lung
[J]. 2012, 17 (4):

cancer cells

3736-3750.

Molecules,

Hyunkyoung L, Jong-Shu K, Euikyung K. Fucoidan
from seaweed fucus vesiculosus inhibits migration and
invasion of human lung cancer cell via PI3K-Akt-mTOR
pathways [ J]. PLoS One, 2012, 7(11) :e50624.

ZENG Q, LI S, ZHOU Y, et al
contributes to invasion and metastasis of primary lung

NF-kappaB

Interleukin-32

adenocarcinoma  via induced  matrix
metalloproteinases 2 and 9 expression [ J]. Cytokine,
2014, 65(1) :24-32.

CHENG X, GU J, ZHANG M, etal. Astragaloside IV
inhibits migration and invasion in human lung cancer
A549 regulating PKC-a-ERK1/2-NF-«B
pathway [ J]. Int Immunopharmacol, 2014, 23 (1):
304-313.

GAO P, GAO Y J, LIANG H L. Effect of NF-«kB

inhibitor PDTC on VEGF and endostatin expression of

cells via

mice with Lewis lung cancer [ J]. Asian Pac ] Trop
Med, 2015, 8(3) :220-224.

Schroder K. NLRP3 inflammasome

Tschopp ],

activation: the convergence of multiple signalling

pathways on ROS production? [J]. Nat Rev Immunol,
2010, 10(3) :210-215.

Agnieszka L, Milena D, Elzbieta P, et al. Role of
Nrf2/HO-1 system in development, oxidative stress
response and diseases: an evolutionarily conserved

mechanism [ J]. Cell Mol Life Sci, 2016, 73 (17):
3221-3247.

[BREHE KFEF]





