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7% 4852 MAPK / ERK {5 40513 Fi 41 i A549
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(A rFHEMEE —ER, M4 KKE  075000)
BWE. B Kt AR B2 LA REE 9% (MAPK) / @i sME 5 A% 88 (ERK) A5 5 $h 49 ) %756 5% 40 i AS49 3538 iE 4 A=
BT TR RINIEIR AS49 ta e, A R B R B JE(0,1,2,4,8,16,32,64 mg/ mL)JH 5 S 45T 48 h )&, # £ JH 4 % daeh F
AR A (IC,) s ¥ A549 ta s A 3t B4 FH A F4A P A BAFKA ZTHA (552 0,8,4,2 mg/ mL FH 4 4T ), AR 74
7128 (40 pmol / L PD 98059) . 5K JA % J& A 43X Bt il AS49 2w it 69 iE A5 /K P, 5K A i X 2w B A Al AS49 2w i éh B o1 oL, B R
J 52 B 58 S0 T B A B4R BB ok A S 9R FP 3 vk o A AR AS49 4m it P MAPK .ERK A R4 & & a8 - 9(MMP - 9) B @ e &
% 2 AW (Bel - 2) R & G 85 3(caspase — 3)mRNA #w & & R A KT HER MASLA SHBRAZTRIZGIG I, A549 Mg 2
FIEAL(P <0.05); FF 4 % 43t AS49 et IC, A 7.82 mg/ mL, & P AKA LT A Z 054 8,4,2 mg/ mL, 5 xF B, 4p
F R, 5 AKF S8 e 6G A 38 B & MMP - 9, MAPK, ERK, Bel — 2 mRNA Fo @ &k K-F39 B F B (P <0.05), 2o i A o
# caspase — 3 mRNA A& &G R A K- FH 2 EF 5 (P <0.05); Haphl 780 E, & P AKF F 209 M09 i 4 35 % & MMP - 9,MAPK,
ERK,Bcl -~ 2 mRNA 2% & R A KPR EFH 5 (P <0.05), 20 i 8 = % . caspase — 3 mRNA #2 % & K A K P32 F HAK(P <0.05),
HEESA S AR Z M 2 Z2HRMAK R (P<0.05) 4618 FA4 S 4ETHEL MAPK / ERK 455 b3 § AS549 @ f A =, 4] A549
b 38 s e i A
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Effect of Salvia Miltiorrhiza Polysaccharide on the Proliferation, Migration and Apoptosis of

Lung Cancer Cells A549 Through MAPK /ERK Signal Axis Inhibition
GUO Zhiging ,ZHI Xuejun,WANG Bu,SU Jing,LIU Fang
(The First Affiliated Hospital of Hebei North University ,Zhangjiakou , Hebei ,China 075000)

Abstract: Objective To investigate the effect of Salvia miltiorrhiza polysaccharide on proliferation, migration and apoptosis of lung
cancer cells A549 through mitogen active protein kinase (MAPK) / extracellular signal — regulated kinase (ERK) signal axis
inhibition. Methods A549 cells were cultured in vitro and treated with different mass concentrations (0,1,2,4,8,16,32,64 mg / ml.)
of Salvia miltiorrhiza polysaccharides for 48 h to determine the half inhibitory concentration (ICy) of Salvia miltiorrhiza
polysaccharides. A549 cells were divided into the control group,high — dose group, medium - dose group,and low - dose group
(0,8,4,2 mg / mL of Salvia miltiorrhiza polysaccharide) , and the inhibitor group (40 pmol / L PD 98059). The migration of
A549 cells was detected by the scratch healing assay, and the apoptosis of A549 cells was detected by the flow cytometry. The
mRNA and protein expression levels of matrix metalloproteinase — 9 (MMP - 9),MAPK,ERK,B cell lymphoma — 2 (Bel — 2)
and caspase — 3 were detected by the reverse transcription — polymerase chain reaction (RT — PCR) and the Western blot
respectively. Results  With the increase of the mass concentration of Salvia miltiorrhiza polysaccharides, the proliferation rate of
A549 cells significantly decreased (P < 0.05). The IC,, of Salvia miltiorrhiza polysaccharides on A549 cells was 7.82 mg / mL,
and 8,4,and 2 mg / mlL were selected as the intervention doses for high — ,medium - ,and low — dose groups respectively.
Compared with those in the control group,the migration distance of cells, MMP - 9,MAPK,ERK,and Bel — 2 mRNA and protein
expression levels significantly decreased (P < 0.05), while the apoptosis rate and caspase — 3 mRNA and protein expression
levels significantly increased in the inhibitor group and the high — ,medium — ,and low — dose groups (P < 0.05). Compared
with those in the inhibitor group, the migration distance of cells, MMP - 9, MAPK, ERK, and Bcl - 2 mRNA and protein
expression levels significantly increased (P < 0.05),while the apoptosis rate and caspase — 3 mRNA and protein expression levels
significantly decreased in the high — , medium — ,and low — dose groups (P < 0.05), which showed a dose — dependent
relationship with the increase of Salvia miltiorrhiza polysaccharide dose (P < 0.05). Conclusion Salvia miltiorrhiza polysaccharide
can induce apoptosis of A549 cells and inhibit their proliferation and migration through the MAPK / ERK signaling axis.

Key words: Salvia miltiorrhiza polysaccharide; MAPK / ERK signal axis;lung cancer;cell proliferation;cell migration;cell apoptosis
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(NSCLC)#y (Y 85% , HA7 B W B I A 79 2 A= W) 2 st
2R ALY T B = A R T A TR, ZRUR E 2
A EL R IR, 40% B NSCLC H3E A i Ab 5546 12 i i
H 2 DAL IR (RIARARYTY ) b 3, A AR F6in 1
oS KR 4 R R BRI S YRR T
i F A BOAET 3R (LA SARAE AR AT ARG (£ 189%) 3
It R R BRI /N ARy ik RS 52 A
WFFE W7, W2 Z2 08 Sk v 25 10 S5 R Ay, T 4 e
JEAN IS AR A T S 2R TP SN
BNy BT B A e PR T D RE S S R R VR
JHIRE IR ST BB G T ), R Ok B 7 BRI Y OG22
S4B B IO (MAPK) / 48 i A1 5 5 38 7 15 i
(ERK) {5 5l (%) 53 5% 4006 78 NSCLC 1 i & 1E &
rh RS OBV T, 12 I v %) 45 ol sk o3 AE it LT3
ZFN 6] ) MAPK / ERK 15 5l it 1 22 R 18 it 1)
il 390 (4 1 R Iz FH 2 NSCLC 36397 A9 B K 28 70 (A i 4
TR TR Tt A0 ) 700 AT sl B b A= ik 2450 , T 8 B MAPK /
ERK 155 il (%) T Ui 8 2 1Y) e 728 A 4G i 00 0 5 |
SR AR TR T S 2884 MAPK / ERK {5
- BT it 2 S A R T SOV ARV E R AL, Al IR
N PSS ZRATT s R A TR A AR
1 #Mel57E%®
1.1 XERE5HM

1L %% - 1160 4 CO, £5 37 48 ( 2€ [E Thermo Reveco 23
A ) s HBS — 1096B HU AR (e 5t Ak S g i 45 A BR A
] ) 3 BD FACSCanto it X 41 ff2 4% , CFX Touch I 5L}
9 ' B A W BE U N (RT - PCR) 1Y, Bio — Rad
Trans — blot Turbo 25 ¥4 EJ 2240, Y T35 [ BD A 7 ;
ChemiDoc — It HEfE BAZ AL (€ E UVP /A F] ) ;CX - 21 Al
W G2A AU ( H AR Olympus A ) o

Ry PP 20 LR S AEYREARAE it
5 D3284, 4l FF A K T 98%) ; ERK 411 1l 7] PD98059
(218 Cell Signaling A 1], #1L-5 4 S152835) ; RPMI — 1640
B 5% 2R G 2R i % (32 [F Invitrogen 24 W], L5 R
PM16000044 ) ; Jift 4 ML 38 ( W VLR B A= B B A BR 2
AL 50 20181225) 5 PUBEME I (MTT, 32 [E Amresco 23
A, L5 H 0793) ; AnnexinV / P14 A 98 T4 I i 57) &5
(3£ [E BD A A, #t5 CA1020) ; Trizol i (2 T 4%
T < Bl > R AR AL S SG569) s RNA [
BE SRR & (5 M FSQ - 101), 5865 7 PCRIZH &
(#L5M QPS - 201) , ¥y F H A TaKaRa 23 &) ; RIPA 24
fift g op i (R Y TRARA A, SN
AR1054) ; 2 5t 4 J& 8 B — 9(MMP - 9, it SC -
1580) , MAPK (#it5 24 SC - 1519) , ERK (#t 5 SC -
3152) , Btk - ERK(p - ERK, It 54 SC - 3108) ,

B 20 o4k (988 2 JE A (Bel — 2, 41645 4 SC - 5135) , Bt K
TE I 3 (caspase — 3, 4lt5  SC — 3108) , H s - 3 -
W 1R 08 Ul (GAPDHL, b5k SC - 5497) , 341014 F 3¢ 5
Santa Cruz 2 #) o

20 6D« i e 200 L (A 549 #i i, rp R 2 Be 4l A= 9
BRAWFIE I, 58 6319) ¢
1.2 FHi&

MTT 32 Koz 4 3 5 56 AR AP R 37 AS49 i, 4240
Ji Ak 3ok B K K AS49 20 B Al AR (96 FLAR , 5 x
104~/ 5L) AN ik % (0,1,2,4,8,16,32,64 mg / mL)
P12 2T 148 h, BFLINA MTT 20 wL, 4425577 4 h,
AL A BT AR 200 wL, F FHEEAR X T 480 nm %
F A 7 WG BE (OD) B 72 115 2208 0 21 B0 il v
(ICso) o 53 B By o AR T FUREE ,BI 1/ 4 1C50.1 /2
[Csy ICs, IS Z2HE

YAE A 2H - X HRZH (A 41) , AS49 A AN AT A 2 5
P ZH (B 2H ) , A549 ZH ML 45 T e B A 40 wmol / L1
PD98059M s /& AL (C AL . DAL E4])AS549 41
FEARIR 45 T BTt BE S ICs0 1/ 2 1C50 1/ 4 1C5, 2
LW AS49 Y XS+ 48 ho BEALIR 3 AL

VR AA R A I 20 M AS 2 4 1. 2300 F ik T
5 AS49 4, AR (6 FLAR, 1 x 1094~ / mL, FfL 3 mL),
ARG RE J5 L 11200 wWLAG Sk i S e B0 2k, IR
R W R R L 48 hE B A R RIR A 1,
PG 53 BT A 3 9 5

T2 B A I A AL PR TR 4% 1. 200 R ik
AS49 4, Bl AR (6 FLAR , 1 % 1054 / mL, 5L 3 mL) ,
48 h e WCAR 20 M, FH B3 12 A % R R VA A B 2 UK, AR
AnnexinV / P12 TG0 X 0) SAG 0 40 B 8 T 0

RT — PCR ¥ Kz Il mRNA : #% 1.2 T & Jy i + #il
AS49 4, 4l (6 FLAR, 1 x 1054~ / mL, A fL 3 mL) ,
48 h 5 WCAR 20, P B8 i 2% P R U A IR 2 Yk, A
TRIzol i 7] , $2HX A549 215 RNA, #4136 5% 5%, FH RT -
PCRRF & VEATY 1  MMP - 9 EiF5I 75 N 5" -
CCTGGAGACCTGAGAACCAATC - 3', Fis 1 ¥F5k
5" — TTTCAGTGTGGTGATTACGACGTTA - 3’ ; MAPK
FHERIIFEYI N S - TTGAACGGCAGTGGTGCAAACC -
3, FiEsI®F 4 A5 - CCAATCGAACTGTATTGCT-
GAGC - 3' ; ERK L iF 51 ¥ )% 51} 5" - CGTACATG-
GCCTTCAATGGTTG - 3", F i 514 7 %1 5 — GATC-
TACGTGACAATTCCGCC - 3";Bel — 2 L5151 N
5" = GTGGAGGAGCTCTTCAGGGA - 3', FilEs1 ¥ %51
#5" = AGGCACCCAGGGTGATGCAA - 3'; Caspase — 3
I IFS) NS - TGTACGGCAGTGGCTGAACCAA —
3, RIS WF4] R 5" - CGCTGAATCGAAAGCCCTG-
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TATT - 3'; GAPDH 5| ¥)J¥ 8 : L¥i#5 |49 5" — TTCAC-
CACCATGGAGAAGGC - 3", FliF5 ¥ 5" — GGCATG-
GACTGTGGTCATGAG - 3" . iR 23520 L, Hop, 2 x
Taq PCR MasterMix 10 wL,cDNA 1 pL . E1540. 5 pl,
SYBR - Green 0. 3 pL,ddH,0 7. 7 pL, RED (61 C),
LA GAPDH /E N N 2, R 2748635 1155 MMP - 9,
MAPK, ERK, Bcl — 2, caspase — 3 mRNA fJ A1 X} &
ik,

oy J5E B0 ok KG BE 1 - 4% 1. 2 00N 3k T 1 AS49
B, B AR (6 LA, 1 x 1054 / mL, %L 3 mL) ,48 h )7
WSCAK 200 L, P R 6 2% vl VR R R A0 M 2 YK, T RIPA 24
fiff % DIV S48 30 min, B0, BT R AT HL Tk (AL
20 wg), F B TR BEE , MMP - 9(1:200) ,MAPK
(1:500) \ERK(1:400) .p — ERK(1:300) .Bel —2(1:400) .
caspase — 3(1:200) 4 "CHF & 7K, VERRS FH —$1(1:10 000)
W T E 30 min, .4, LI GAPDHIE M IN S, RAE
EUZR , IF 4715397 -
1.3 SitFELE

K SPSS 26. 0 Ge i1 25443 M o TR BERE X + s 36
AN AT R R 7 22508, AL IR PG EL A SNK - ¢ K2 56
P<0.05 h2ZESAGHE X
2 #R
2.1 AERERESSHEXT A549 4AAIE AR

Wil 45 P+ 5 22 W5 o Vi B A B, AS49 20 Jifa 1 5 o
R (F = 641.705,P = 0.000) . £+ 2 Z B XF A549
MBI ICs, R 7. 82 mg / mL, i C 41 D 4 \E 2H i+ 13155
M 8,4,2 mg/ mL AER I,
2.2 AS S AS49 @RI SAT BN

5 A4, B4 .C4 DA E 4Nt fL i 251
HERRAT(P < 0. 05) , 4HARIA T3 AR (P < 0. 05);
5B, CHL DA E 4L 20 B i #5105 1) 35 4
J(P <0.05), 408 T3 35 i ZREAR (P < 0.05) , HKE
FF5: 22050 B R 2 AU 5C R (P < 0. 05) J1F
2 B ERE2,

F1 AERERESS SHET 48 h 5 A549 MHAAIETE R L5
(X+5,%)
Tab.1 Effect of different mass concentrations of Salvia miltiorrhiza

polysaccharide on the proliferation rate of A549 cells (X +s,%)

JRERE o 3G 58 5 JRE R o 3G 58 5
Omg/mL  100.00 = 10. 42 8mg/mL  48.16 +3.28"
1 mg/mL 95.78 +8.52 16 mg/mL  23.59 +18. 67"
2 mg/mL 80.36£5.31° | 32mg/mL  13.67 +4. 13"
4 mg/ mL 63.49 £6.72" | 64 mg/mL 5.02+1.87"

E:50 mg / mLig, P < 0.05,

Note: Compared with those at 0 mg / mL,*P < 0.05.
R2 ASZEXNASAOBEIBSBTHEM(X 25,0 =15)
Tab.2 Effect of Salvia miltiorrhiza polysaccharide on migration

and apoptosis of A549 cells (X +s,n =15)

ikl #E #H%EH (pm) AR

B 4
A4 - 3816524 1.63£0.20  3.64+0.51
B4 40 wmol /L PD98059 17.39+2.63  13.05+0.48  13.03+2.01°
C4 Smg/mLAHEHE 2260225  8.77+1.04"  4.29:0.57"
DA 4mg/mLAHEHE  28.63£4.69" 5.53£0.24™  1.27+0.29"
E4 2mg/mLAASHE  33.59£5.70" 3.33£0.72""  0.76+0.74™
i 167. 142 283. 055 316.272
Pi& 0.000 0.000 0. 000

EHAE P < 0.05;5 B4 ,"P < 0.05;5C4
WLHL, P < 0.05; 5 DAE P < 0.05, - HRAELE, K3
ERA4F,

Note: Compared with those in group A,*P < 0.05;Compared with
those in group B,"P < 0.05; Compared with those in group C,P <
0.05; Compared with those in group D, P < 0.05.
not treated (for Tab.2 - 4).

2.3 A5 I AS49 B MMP - 9, MAPK,

ERK,Bcl - 2, caspase — 3 mRNA F1E H RS20

— indicated that

S AL A, B4 .CHA D4 EH A0 MMP -9,
MAPK, ERK, Bel - 2 mRNA FIZE (4 6k /K -1 5 2 A%
(P<0.05),caspase — 3 mRNA FIEE AR B T 5
(P<0.05); %Béﬂtm C#1 .DZH EAH 40t MMP - 9,

IR

1 XREE LRI AS49 T RBER ( x 100)
Fig. 1 The migration of A549 cells measured by the scratch healing assay ( x 100)
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10% 4 107 4 10% 1 10% 3 10% 1
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Annexin V Annexin V Annexin V Annexin V Annexin V
Azl Bza (oF::1 D4 D1
B2 s ARG T AS49 AR TIE R

Fig.2 The apoptosis of A549 cells measured by the flow cytometry

K3 ASSHETAS49 AR MMP - 9, MAPK,ERK,Bcl - 2, caspase — 3 mRNA M1EZEH WM (X = 5,1 = 15)
Tab.3 Effect of Salvia miltiorrhiza polysaccharide on MMP - 9, MAPK,ERK,Bcl -2 and caspase —3 mRNA and proteins in A549 cells

(X +s,n=15)
) MMP-9 MAPK ERK Bel-2 caspase = 3
ik ik
mRNA k8 mRNA 4 mRNA &4 mRNA k4 mRNA %8
A4 - 1.00£0.10  0.34£0.05  1.00£0.05 0.45£0.08  1.00+0.11  0.89£0.12  1.00£0.07  0.74£0.08  1.00£0.09  0.30£0.06
B4 40 pumol /LPD9R0S9 0.28+0.03  0.10£0.02  0.21£0.04°  0.08+0.02 0.3740.06' 0.24£0.05 0.13£0.02  0.07£0.02*  1.77£0.09°  0.64+0.06"
€A Smg/mLAASHE  0.37£0.09" 0.15:0.04°  0.39£0.00°  0.19£0.04*  0.46£0.05° 0.31£0.02°  0.25+0.04*  0.20£0.05" 1.61+0.08" 0.53+0.08"
D4 4mg/mLAAEHE  0.52£0.05%  0.22£0.05% 0.48£0.03% 0.30£0.02% 0.62£0.08% 0.42£0.09% 0.39£0.20% 0.43£0.12% 1.50£0.05% 0.42+0.01
B4 2mg/ulft5i58E  0.66£0.00% 0.28£0.07% 0.58£0.00%" 0.36+0.04"" 0.75+0.06"" 0.67£0.05"" 0.53£0.07"" 0.61£0.06™ 1.42£0.04" 0.35£0.03"
Fl& 32,1713 18.053 35. 886 29.714 19.537 34.125 42.081 38.067 12.335 22.3%
Pl 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

MAPK, ERK, Bel — 2 mRNA FIEE [ 2 3k 7K P44 g & Tt
= (P <0.05),caspase — 3 mRNA FlI#E 1 #15 K F 44 i
EREAR(P < 0.05), HFfFFZ 22 08500 5 035 hn 2 200K
XA (P <0.05) 1IR3 FIE 3.

02 (00 = S w— e s w—— ()] - O
38000 S e s G ] APK

- > Wy - K
42000 D — e —-— p - ERK

26000 (D v e— G G -2

35000 w— A S S W Cospase — 3

146 000 D WD - o
A4 B4 C4l D E4]
3 GEENEEK N AS MR THXEARNRIE
Fig.3 Expression of apoptosis — related proteins in A549 cells
detected by the Western blot

3 iTig

H A, NSCLC 1yl PRAGST J7 28 Btk K, i Jo e A
TRIT I ZeH0 h 2 MR — B B A s 0 A
3 Ao A1 61 s 24 L B A FE O AR TR AR SR SR
BH, 20T 11 e S5 R 200 e s ) 13 B A 40 4 P2 A

FEHUR B, FHE LT 6] AS49 40 R8s , H 5Lk
A L 3% 5 SCHR (13 1R 45 R — 80 SR P2 2
FLUA TR FH 58 40 B A e e TG MR IR RE SR T 1 OG5
BILHI o L 7 8] S Ak (EMIT ) £ 22 Rl i P 35947 12 oF B
R 2B AL I CEMT A DGR F 2R A T, MMP - 9 2
YU EA (R LR (1 RE )1 R MMP - 9
TE M A0 h R I B A E DS AR g R R B
PS5 ZBER T AS49 415 , MMP — 9 K3k FRAIK ; i 7%
SLHSEE IR MG PFS 208 TR R N, AS49 41
018 B 5 A A o SN 2 22 W ] R i
MMP — 9 B3 16 A ififes 40 i = A STt A E .

Z WS 5 Z R e 0 A0 0E T 2 0 R 2 B 2
WF5T 3B, v 24 Z2 05 0] % 5 i 9 20 i g 7205 - 100 AR
W5 A A 2R A AR A3 BT s, JHS 2 B Ak B A549
20 R A O TR A S RN, LR S o, 5 Sk (17
(R BIF 98 285 S — 30, $2m JH S 2 0] 5838 o 5 5 4 i A
T T A 6 il e ) 2B 5 R

il (%) K SR ML 00 B g R PR g SE R A5 3 I
A 2 R R 2 (038 . MAPK / ERK S5 7 ir G B A% 4R
Py i BEORST , 480 06 NZSIRAE Th i, 2 2 5 40
WABH AL R AR A 32 LA 5 U MAPK / ERK A
5T A AN R R AT BB RS ARV | L R 4 M X
A S ALK AR S 2 G B ERK 2 SL R %) MAPK , 7E
20 Ff 45 S T B P, ERK BB RR AL 7] 7 MEPK i
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MAPK / ERK 31 , M1l 5 2 ERK 8% 2 1k #1 Bel - 2 I

W, AR UE ERK A% 8 2 £k A0 40 i A7 1520 A WF g 3R B,

MAPK / ERK I i 55 7] B8 A &% 411 il NSCLC % #21)

MAPK / ERK {55 5 %l (1) 2% I8 3 5040 i S JA 0 45 L oAk

TE RS RN AE T 4 2 36 R 1 R 08 Rk 2 AR,

IR KX NSCLC 9 A8 F1 22 24 2 28 06 dE 22220 K

ifF 52 45 5 R, ERK 3] 351 PD98059 HE#1 il ERK # iR

b, 7+ 2B A 2 RUVE H MAPK / ERK {5 5 38 % 1)

TS ALl S U T8 1 Bel - 2 DR S 4 i i AR

15 Bel - 2 @k nl i iRl T e Ak — &R

B [ B, e 2N il caspase — 3 B , DA 4100 i) &4 g 4

T-RH ORI ZE R R FES 2 E T AS49 4ii )5

Bel — 2 FEik B, 1T caspase — 3 Fak 90, 5 7 =X 40 iy

RA 4 R —3, RSS20 EATHS A549 41 i 04

T-HIEH .

2k TR PSS 2P o W MAPK / ERK 5 5 4

T35 AS49 4 JL 98 1~ , W] 41 46l AS49 4 i (%) 3 B Al

%, hPrS MG R AL T LS ARYE H A 5T

AAEAAR P SE 56 AT B0 IE , H A 358 BCH UL A Be i I8 245 1)

VE Ry BHAE XS BE 5 22 SR E E— 218 E

5% 3k
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