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[ Abstract] Objective: To study the anti-tumor activity and mechanism of Lycopus Ilucidus
polysaccharide (LLP) in vitro. Method: Cell counting kit-8 (CCK-8) assay was used to detect the inhibitory
effect of LLP (0, 5, 10, 15, 20 g-L™") on the proliferation of A549 cells at different time points (24,48,72 h).
The migration and invasion abilities of A549 cells were detected by wound healing assay and transwell assay

after LLP (10, 20 g-L") treatment for 24,48 h. Propidium iodide (PI) single staining was applied to determine
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the effect of LLP of different concentrations (10,20 g+L™") on the cell cycle of A549. The apoptosis of A549 cells
induced by LLP (10, 20 g-L') was detected by Annexin V-FITC/PI kit. Real-time fluorescence-based
quantitative polymerase chain reaction (Real-time PCR) was adopted to measure effect of LLP (10, 20 g-L™")
on gene expression of cysteine aspartate protease-3 (Caspase-3) , cysteine aspartate protease-8 (Caspase-8) ,
cysteine aspartate protease-9 (Caspase-9) , cyclin-dependent kinase-1 (CDK-1), and Cyclin B, in A549 cells.
Western blot was used to detect the effect of LLP on protein expression of Caspase-3, Caspase-8, Caspase-9,
B-cell lymphoma 2 (Bcl-2) -associated X protein (Bax) , CDK-1, cyclin-dependent kinase-4 (CDK-4) , cyclin-
dependent kinase-6 (CDK-6),Cyclin B,,and Cyclin D, in A549 cells. Result: Compared with the blank group,
the LLP group showed decreased proliferation, migration, and invasion of A549 cells (P<0.05, P<0.01),
increased proportion of G,/G, phase (P<0.05), enhanced apoptosis rate (P<0.05, P<0.01), elevated mRNA
expression of Caspase-3, Caspase-8, and Caspase-9 (P<0.05, P<0.01), reduced mRNA expression of CDK-1
and Cyclin B, (P<0.05, P<0.01), up-regulated protein expression of Caspase-3, Caspase-8, Caspase-9, and Bax
(P<0.05, P<0.01), and down-regulated protein expression of B¢l-2, CDK-1, CDK-4, CDK-6, Cyclin B,, and
Cyclin D, (P<0.05, P<0.01). Conclusion: LLP can inhibit the proliferation of A549 cells, block the cell cycle
in the G,/G, phase (also G,/M phase), and induce cell apoptosis via the mitochondrial apoptosis pathway and

death receptor pathway.
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LA ) B SRR KO & 41 AS49 4 i LLP E
48 h, N A i 2 AR 2R W, AR A SR 1, 100 °C AR
PEJG A -80 °C KA PR A7 #5 H1 o I BT BCA 1
E MBI . SDS-PAGE Ji I i Kz v vk, B i 43
IS (12% )% 15 B 40 min J5 BC 6 ¥ 45 18 (5% ) , 1R
P [\ e B 1 2 1 A HL UK (VR 4 1S 50V, 40 min,
4y B HE 120 V, 90 min) , ¥ B ({2 % , 300 mA,
45 min) ,SRIGE4 CHAFTH —PL(1:1000) 2
14h, WA TS $H0(1:1000)1 he P
3, B IR S min, 55 ECL Ak 2% & O TR FE BE %
AR RGP g WY o ] Image TARAIF R 480 B
LSO AR
210 Hib2Egrk DL BRI ELE 3R, Git
53 A7 R FH SPSS 20.0 3 {4, SE g 25 SR Fl x + 5, 21 1]
. 86 .

R 5'-ATTCTGTTGCCACCTTTCG-3'
Caspase-8 i 5-“TTCCTGAGCCTGGACTACATT-3' 202
T Ui# 5'-GAAGTTCCCTTTCCATCTCCT-3"
Caspase-9 |-iif 5~ACTAACAGGCAAGCAGCAAA-3' 140
F i 5-CCAAATCCTCCAGAACCAAT-3'

CDK-1 - ¥% 5-GATTCTATCCCTCCTGGTCAGT-3' 163
Tk 5-CAGCCAGTTTAATTGTTCCTTT-3'

Cyclin B, i 5-GTCGGGAAGTCACTGGAAAC-3' 118
T 5'-“AACCGATCAATAATGGAGACAG-3'

B-actin 37 5'-CTGGGACGACATGGAGAAA-3' 182

T i 5'-GCACAGCCTGGATAGCAAC-3'

P 3R Pk N7 RE A ¢ K5 3, P<0.05 2 22 = A 4e it
3 £#R
3.1 LLPXF AS49 MM ry 3 sl S5 H4dA
F 3, LLP 41 AS549 40 i i) 3 5 2% 32 7 K AIK , A7 6 B
) 4 M A ) K M P (P<0.05, P<0.01) .
W2,

F2 LLPXT AS49 HARFE MMM (F+s,n=3)
Table 2 Effect of LLP on A549 cells activity (x+s,n=3)

- Iﬁ%f& 240 L A AT A%

JErg-L! 24h 48 h 72h
yE| 100.00+£0.04  100.00+0.15  100.00£0.11
LLP 5 86.00+0.11"  82.72+0.07”  60.90+0.09”

10 61.23+0.117  60.69+0.21”  58.77+0.05%
15 43.53+£0.07%  22.0240.04*  15.24+0.03%
20 35.79+0.04% 6.36+0.02% 2.54+0.00”

5% U A VP<0.05,2P<0.01(F23~9 i) .

32 LLPXT AS4OH MRz 52 4l
A, LLP 41 A549 21 M ) 1R 58 B 3 i A2 78 i B IR
B W AT, LA I T AR R ) R M (<
0.05,P<0.01), W& 1,523,

33 LLPX AS4OHMIMEER N S5 A4
B, LLP 2H A549 20 i 28 5 /2 19 > BOZ W i /b | 4=
22 HE 77 3% W K, B SR & AR P (P<0.01) . WL
K2, %4,

3.4 LLP X4 Jis 35 BH w5 4R H

3.4.1 X AS49 4R A s A A A,
LLP #H A549 21 i 1Y) DNA & 1 % W1/DNA & 1 i
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B2 LLPX AS49 A2 ZZ RN (Wil pF 4L (4, x200)
Fig. 2 Effect of LLP on A549 cell invasion ( Giemsa stain, x200)

F4 LLP3TAS49 HMEZERIFM (Fts,n=3)
Table 4 Effect of LLP on A549 cells invasion (x+s,n=3)

A. Z5[41;B,C. LLP(10,20 g-L™")#H (K 2~4 7)) 20 ) JR /gL BB RZERI%
B 1 LLP Xt A549 48 i 3E % B9 % M (5] 5 0 645, <40) 2 H 51.00+2.65
Fig. 1  Effect of LLP on A549 cells migration (inverted LLP 10 36.33+1.53% 71.37+5.00%
i , x40
microscope, %40) 20 11.6743.517  23.14+8.00%
%3 LLPXf AS49MRTER MR (x+s,n=3)
Table 3 Effect of LLP on A549 cells migration (x+s,n=3) *£5 LLPX AS49 40 B HARIBIE (X+s5,n=3)
N SRS HE B Jom Table 5 Effect of LLP on A549 cell cycle (X+s,n=3) %
g R
/gL 0h 24 h 48 h 413 T v B G/G 1 DNA &AL DNA &5 H/DNA
- ! [ e YA
1 12.5+0.17 5.0+0.70 2.5:0.35 /gL Ms B M (GyMB)
LLP 10 10240367 7.5+0.36  3.0+0.36" 2 58.2£2.6 29.0+2.1 10.0£0.7
20 11.0£0.44"  8.0+0.53% 5.0+0.56" LLP 10 68.3£0.5” 25.2+0.2" 6.8+0.17
20 75.6£0.6”  20.6+0.2% 5.9+0.2%

B (G,/G, 1) 84 Am , A549 41 it % L #F 76 G,/G, 91, B
AR R (P<0.01), LS.

3.42 Xf CDK-1,Cyclin B, mRNA 5 & [1 7K F Y
W 524 A, LLP(10,20 g- L) 4 A549 4

Jfi v CDK-1, Cyclin B, f£ mRNA Fll4& [ /K 3 £ ik )
[ A% (P<0.05,P<0.01), LLP X} A549 4 Jitl B 3 i 1)
e G/MIl. WE6,7, K3,

6 LLPXf A549 41 Caspase-3, Caspase-8, Caspase-9,CDK-1,Cyclin B, mRNA B & Mg (x+s,n=3)
Table 6 Effect of LLP on mRNA of Caspase-3, Caspase-8, caspase-9, CDK-1 and Cyclin B, in A549 cells (x+s,n=3)

20 51 SR e /g L Caspase-3 Caspase-8 Caspase-9 CDK-1 Cyclin B,

ZH 1.00+0.32 1.00+0.25 1.00+0.25 1.000.08 1.00+0.11

LLP 10 2.54+0.16" 1.59+0.05" 1.61£0.11" 0.28+0.41" 0.44+0.16"
20 3.62+0.077 2.72+0.08% 2.52+0.24" 0.31+0.26” 0.56+0.19"

3.4.3 X} CDK-4,CDK-6,Cyclin D, # 14 % ik K F
M m 525 H4 %, LLP(10,20 g-L") 4 A549
41 g h CDK-4, CDK-6, Cyclin D, % 14 % 35 /K F

B BEAK, 22 % 40 i 2 & X (P<0.05, P<0.01),
LLP X A549 40 ity BH % o 4 0l 8 & G/G, 1 . W
#7,H3,

*7 LLP3X A549 4B th CDK-1,CDK-4,CDK-6,Cyclin B,,Cyclin D, EEEMW (x£s5,n=3)
Table 7 Effect of LLP on CDK-1, CDK-4, CDK-6, Cyclin B, and Cyclin D, proteins in A549 cells (X+s,n=3)

215 itk /gLt CDK-1/B-actin CDK-4/B-actin CDK-6/B-actin CyclinB, /B-actin CyclinD,/B-actin

2 H 0.690.32 0.56+0.12 1.10+0.25 0.42+0.08 0.86+0.16

LLP 10 0.47+0.22" 0.36+0.127 0.74+0.15" 0.24+0.04” 0.51+0.10"
20 0.29+0.17" 0.26+0.13% 0.52+0.12" 0.15+0.02" 0.31+0.03"

3.5 LLP X4 g 1= 15 (P<0.05,P<0.01). W%S.

3.51  XFASAOHMI TR 5 A, 3.5.2  Xf Caspase-3, Caspase-8, Caspase-9 mRNA

LLP 411 AS49 20 i S 08 T3 7k, B A 500 2 4 FKIKACEZ M 525 A4, LLP 40 X% AS549 41
. 87 .
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3 LLP 3} A549 4 @ 1 CDK-1, CDK-4, CDK-6, Cyclin B,
Cyclin D, EH ik
Fig. 3 Electrophoresis of LLP on CDK-1, CDK-4, CDK-6,
Cyclin B, and Cyclin D, proteins in A549 cells

#8 LLPXt AS49 AT MR (i+s,n=3)
Table 8 Effect of LLP on A549 cells apoptosis (Xx+s,n=3)

21 541 JoT e i /g L ST %

A 2.94+0.66

LLP 10 7.97+0.84"
20 15.09+2.52%

Jii f Caspase-3, Caspase-8, Caspase-9 mRNA % ik 7K
- Ft B (P<0.05, P<0.01) , H £ % B 4K #i 1 .
6.

3.5.3 X} Caspase-3, Caspase-8, Caspase-9, Bax,
Bel-2 E IR BWE N 52 HH LK, LLP A
AS549 41 fifg Caspase-3, Caspase-8, Caspase-9, Bax
M ik K FHE (P<0.05, P<0.01) ,Bel-2 B %
ik K P BEAR (P<0.05) , H A R AR 8. W
#9.K4,

Caspase-3 Wil A - 35 kDa

Caspase-8

-

Caspase-9

Bcel-2

B-actin - -- 42 kDa

A B C
Bl 4 A549 4 il fh Caspase-3, Caspase-8, Caspase-9, Bax, Bel-2 &
B Rk
Fig. 4 Electrophoresis of LLP on Caspase-3, Caspase-8,

Caspase-9,Bax and Bcl-2 proteins in A549 cells

4 itit

it 98 ) 6 R AE A BR— H R BN T L I R IR YT
3 A /0N 48 i i 8% (SCLC) AT NSCLC,NSCLC i &
2R 80% , o LU i i 2 k. BESR R,
o T A 2 A T S L AN A R R
ML I8 47 85 32 EAE R Bl 10 3R 97 M, BLAETR T T
Bt I, SCLC LT %A Jmy BR 4, B 43 8 ok Ak 2%
J7 9,1 NSCLC B g7 T WA T 3 KR Z5(56% )%
HFEARIBYY, M EE D R 18% #2Z FRIBIT,
REB(62%) 8 Z by o BRI IR YT F B AE
AN W 5T 3, (LA ] SCHk & B, R 9 22 0 A B R
(S AR XL T = AV Rl 1 g
Z5 U Z A I A 4 STMN [y 38 3k, 308 1 52 i) fili 98
MGG GER MR 7B EHOE U HGE TR R
il 5 F % PDCD4 3R 3k FH Hir il 68 A 549 20 A i) 157, 41
il 24 B3G5l L T S AL T . ABESE K LLP fig
b A A T AS49 20 J 0 3G BB, ELAFAE B[R] AR PR
350 54 1

&9 LLP Xt A549 4 i F Caspase-3,Caspase-8,Caspase-9,Bax,Bel-2 & BB &M (¥+s,n=3)
Table 9 Effect of LLP on Caspase-3,Caspase-8,Caspase-9,Bax and Bcl-2 proteins in A549 cells (x+s,n=3)

21 51 M /g L Caspase-3/B-actin Caspase-8/B-actin Caspase-9/B-actin Bax/B-actin Bcl-2/B-actin

2 H 0.30+0.19 0.34+0.14 0.52+0.22 0.29+0.37 0.61+0.22

LLP 10 0.51+0.10” 0.63+0.23" 0.60+0.21" 0.35+0.40" 0.35+0.16"
20 0.61+0.22% 0.98+0.24% 0.78+0.30" 0.48+0.40" 0.24+0.11"

.88.
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eI 5T, Cyclin D, 3l 48 25 4 31 380% G, i 1
FEA Y JE I 2 AR 1 B CDK -4 F1 CDK-6, JE 1
Cyclin D-CDK4/6 & & 4 , HAE 2 G,/ 4 it i 19 46
5 A G HE R 4 G0 0 R AR (Rb) BB R
b, A2 {55 5% X 7 E2F F1 Rb 1Y % 25, E2F 1 N 8 15
20 H 5 SR 1 TR, 4 20 4t B B B e G S R i
AU 8 A3 5 R A T AR N R R Al
JHI F AF 5% & 3, Cyclin D,/CDK4/6 [ 2235 K F F i,
o | 20 R GO B . S A B A A B, GM
1 Y ¢ 5 2 1 J2 Cyclin B, 1 CDK-1, i 3 ik 112 #
G,/M HH % e | B 28 5 0400 A T 8 B G Ak
B 3 K F (MPF) | 8 75 2 % Cyclin B, Fil i fk
K CDK-12H 1, S22 A 22 53 408G o 0 955 1 O B oo
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SR L 38 5 Wnt/B-catenin {5 538 8575 5 G,/M 41 i
BEL ¥ {7 24 B 458 1k 50 24 0 FEAS SE g b, O X 4 P R 45
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Jo BE S UE B o AT DUHE W, LLP AT fig 3@ o A
REL T A JTT900 26 A 549 200 Jif 1) e % e
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