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Abstract: To investigate the effects and mechanisms of PM, on migration and invasion abilities in human lung
cell line (A549), the A549 cells were cultured for 72 hours in the medium containing different concentrations of
PM, ; without serum and antibiotics. The proliferation inhibition rate of A549 cells was detected by MTT assay. Ac-
cording to the experimental results of MTT, the appropriate concentration of PM, , exposure was selected for subse-
quent experiments. The wound-healing assay was performed to observe the cell migration ability and the transwell

assay was performed to observe the cell migration and invasion abilities. The protein expression levels of 3-catenin

ESE . i RH R H (No.F14-181-1-00); 3L T4 HARBH 341 #4095 H (No.20170520037)
YEE BN A5 FH1978-) 2 i, PJEIm , WF9E 7 10 R Bigi 2% , E-mail: Ld_love415@ 163.com
* @ WI4E 3 ( Corresponding author) , E-mail: xiaochunling2000@ 163.com



244 EOR OF M Oo¥ R E 128

in the nucleus,cyclin D1, snail, slug, MMP-2 and MMP-9 were detected by Western Blotting method. The wound-
healing assay showed that the wound-healing rate of group treated by PM, at the concentration of 10 pg-mL"
was (46.34% =+ 5.19% ), which was increased significantly compared with the control group (P<0.05). The tran-
swell assay showed that the transwell cell numbers of group treated by PM, at the concentration of 10 pg-mL"
were 165.67 + 6.62 and 47.83 £+ 2.04 for migration and invasion experiments respectively , which were increased
significantly compared with the control group (P<0.05). The Western Blotting assay showed that PM,; (10 pg-
mL™) can significantly up-regulated the expression levels of B-catenin in the nucleus, cyclin D1, snail, slug, MMP-
2 and MMP-9 in A549 cells. Thus, PM, can enhance the migration and invasion abilities of A549 cells through

up-regulating the activity of Wnt/B-catenin pathway and the protein expression levels of its downstream proteins

such as cyclin D1, snail, slug, MMP-2 and MMP-9.

Keywords: PM,.; A549; B-catenin; snail; slug; MMP-2; MMP-9; cyclin D1
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W SEIR AT, R AT 0 BE AT o 22 IR A
AIRFFEE,

AMFGE R AN R SEBG A transwell /N 74K
T PM, X6 A il 8 40 D AS49 i 1R ZERE 1 B
Wl , A — D E S8 PM, s HAT (R Il % S VR H
W] IsFASHIE 5% 2% . Western Blotting 725 46 i [] 41 fitd i
% AZ281E 1% U1 A 5< ) Wnt/Bcatenin 38 B35 P4 M
HF 3% cyclin D1, MMP-2, MMP-9 il %% 3 [H 1
snail \slug 25 F 15 KV 19284k, 43 Briz s 5 38 i
TE PM, 5200 i 968 4 0 AS49 288 (R 2868 1 h i
YERD, N4 TG IR ABFSGE PM, 112 il 96 6 % 09 HL i 42
HESC IR

1 ## 57 % (Materials and methods)
L1 4wk AN 3= 28350

BT A A549 W 7 Hh R e b v 20 i A=
Yy BF 5 0T 20 L P . R Sz RPMIL 1640 % 57 Jk
(Gibco 7~ F]); Matrigel 3£ 51 i (BD 7 ) ; transwell
JINZE (Costar 2\ 1)) snail #1 slug $L 4K (CST 2 #));

MMP-2 MMP-9  B-catenin } cyclin D1 #T {4 (Santa
Cruz A A AR iR & (R = RAH]),
1.2 PM, cREEFIEI

TEPELL T 48 UL BRI TIT SRy SRAE L IX | SR A b 2 Ay ik
Hidly, 553 KA i FH e i e il URCR FE 45 R
£ PM, FF b T U8 B b, SR = B2 Ry BE 2 M TET 29
1.5 m, EZEHSKRFE6AH,LL 113 m® - min i #
B 48 /NIRRTy, SRAE IS B MR 50 S 400 2%
J&T-20 CUKFE PR A7, Tl 45 PM, 5 8 W IR SR AT
JE PRS2 1 em x1 em K/ I2UITE 50 mL £
Brokrh, BAEZEGIE PM, BUkiY 22401
1T UERR GRS i L PM, s B, WUAE PM, B AE
13 000xg .4 °C 25T B0 10 min J5 B )2 B
R, K TR S L2 ¥ R T4, -80 C IR A7, G
B 117 FH JC 1A AR 3 ER 7K E 1 BT 5 1) PML, s TR A RO
7 b BRI
1.3 iR Kb B

Niides A549 40 IR RPMI 1640 35 57 3 (7%
10% B 4 L8 1% L-45 2 Wi B 1% B 55 %)
FFRT 37 C .5 % CO, 4G 348, MK 2y
90% B LA, O EAE K I AS49 40 i, 4 Fl T
REFEM B 2N, T 37 °C 5% CO, 544 F 5535 24
h JE AN IS M ik 2= RPMI 1640 3557 3
UCH [ 15 32 58 o AR Ak 2 PM, 5 5% TGF-B,(10
ng-mL™")E LR FE 72 h,
1.4 MTT o kA il 4 e s 5

BEAT L 2H (PM, s 249Kk JE R 2.5 10,40 FT 160
pg-mL™") BB ZH (U4, A in PM, ) FlZS 4
(N4, 5 RPMI 1 640 553238 K2 PM,[), 44k
Kk 72 h )5, BFLINA 20 pL MTT (&K E 5 g-
L™"),37 CHKZEWE 4 h, 7 13, BFLIMA 150 pL
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DMSO &% 10 min, B AR AE 490 nm A0 22 1
JERE(AYE, LR AR 3 Wk, Fa=Ua,

a0 A= A ] R = (Aﬂﬂi?ﬁ'A7Fi'_1£ﬁ N Asmen
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1.5 4HfERIR L5

V2053 R 1E X IR AL TGF-B,(10 ng-mL ™" )4
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MppFr T 6 fLAR, Bfl 3 mL, FRAfiERKE
90% Fil5 J5 FH 200 L W2k 7E 6 fLAR N ELRDR ,
PBS ¥ YE 40 3 ¥k, N A TG I ¥ K 5% L gk SE 1 7R
24 h, SEEGr5HITF 0 h Al 24 h B AR B Wi
TFXREE I R A5 O TR TR AR =
(1-24 h AT SERE/0 h AT 58 ) x 100% f5 475811
IR (x+s, n=6), LA FI W 20 it #2 e
1.6 Transwell /NE 228 TFEECL

YA S 2H R SE 5, 1R 28 SE 5 200 wL 2
B P T4l 4 Matrigel iKY Transwell |2 /1, T
ZEMA 600 wL & 10% I RE 7R3, F 37 C 5%
CO, M35 246 H I 24 h, 2 transwell /NE
G L EWAEE L AN, 4% B B 2 30 min J5
FH 0.1% 45 5428 €8, 15 min, vhyse T4 5 (388 X T,
T B WG TSI I, A/ N E BEHLEL 6 4~
MEFFARE TR A I A 50, AR A0 AT
B Matrigel ¢, HORHRAERIR 22505
1.7 MR e

Fie RN B A% B 15 A0 e ) S B
#E47, ] PBS ¥E—i, %I T 401, & 20 WL 20 1T
TENNA 200 pL 20 A K & Bl A, fem )
FUABE 5 s, UK 10~15 min, JiIA 4003 & AR
A B 10 wL, 5w M 2L € S s, vKif 1 min, 4
°C .13 000xg B> 5 min, WEEVLIE, A 50 wL 4i
A% A AR B R 2R E 30 s, FELAH Y
VUV TS 4B 77 1 WO . SR 5 I vk b, B b
1~2 min P 555 3 i 2138 i€ 30 s, 3£ 30 min, 4 C |
13 000xg &5.0> 10 min, 37 BIWG B b3, B B4R 15
L%
1.8 Western Blotting

WA 4 i 2 2 11, SDS - PAGE H, Uk 5 7% [l 5]
PVDF I I, F & 5% WG 05 %53 () 8 P Y 308 6 14
1 h, INA—$t,4 C B, P B o A Ak P il
FRICHI B3 IR T R 0.5 h, Ak 2% &6 Wi #l
FH Image J A4 X B (4 5515 2E 4T K BE (R R I, DA
B-actin Ay NS BE AT B AR X ik i

1.9 Giiteahhsl

TR B B AR 22 (x £ 9) R, R
SPSS 20.0 HAFMEATEARGE M, 224 LLECR T
PR3 7 2 501 5 AN [ 18 1) B P LR T LSD-t
K, PA P<0.05 HZERAGIHEEL,

2 #52 (Results)
2.1 PM, X%t AS49 2 it i gt 310 1V

PM, A HE AS49 4L 72 h J5 R A MTT %460
BAWERE T PM, X AS49 4 it A 186 5 0 41
K, E 1 RER 1 R, 5 A, 2.5,10 .40
A1 160 pg-mL" PM,  ZHXT AS49 2 g ) 38 5 17 il %
Bifivte JE Tt v BG4 0l R (3.08% = 3.73%).
(1037% + 5.97%).(34.00% =+ 6.39%) FI(51.01% =
8.37% ), TEIUXT A549 4 Hf 344 FE 41 i £ FH A 55 1 2
AWRFEQR.S pg-mL" 1 10 pg-mL AT )5 L2555,

80
%k
S -
§% 60 'I'
W2 1
£z ? ]
= ST
b I
# s
T RSt I et
I et W s
I P U el I S N et
2.5 10 40 160

PMZ_S?ZQE/( pg - mLM)

PM, , concentration/(p g * mL™")

1 PM, X AS49 fAEfg £ KIMFIER
Fig. 1 Inhibition of PM,; on growth of A549

Fz1 PM, 3t AS49 AR AEKINHIER

Table 1 Inhibition of PM, on growth of A549
¥ AR (X £9)/%
PM,s/(pg-mL™) n
Growth inhibition (X+5)/%
X HAZH
6 0
Control group
25 6 3.08 + 3.73
10 6 1037 + 597"
40 6 34.00 + 6.39"
160 6 51.01 + 837"
FA{H F value 4523

TE: SXHRALLEEE, " Sk P<0.05,
Note: compared with control group,” P<0.05.
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A XJEZH TGF-B, B POpiE:]
Control group (10 ng * mL RS pg: mL (10 g mL B Control group (10 ng - mL N2

S
SR G .;A\\--;/ofy.\.; N
: 3y .
24h»£-w=5~ e
L‘\ll‘i‘ B DR 'A :._ :.."‘ . x
b >
- - - :

2 PM, 1B A549 ARRETERFEE
A 4R IR SZERAS I AS49 AT S RE J1(x50);2B N Transwell 3461 A549 40T R4 fE 1 (a~ d) AR ZZHE J1 (e~ h)(x200)

Fig. 2 PM,; promotes migration and invasion of A549 cells

TGF-B PM, PM,,

24 h

Note: A showed the migration ability of A549 cells detected by wound healing assay (x50); B showed the migration
ability (a-d) and invasion ability (e-h) of A549 cells detected by transwell assay (x200).

A PM,/(pg - mL™) 0 2.5 10

2.2 PM, A58 A549 40MIE0TH 1R 2ERE
QIR S0 45 SR & 2A 3R 2 s, YRS
24 h,XF BB BN TR AR (31.97% £1.80%).2.5 ug

B *
3 -

25 F

2+

i e |

1.5}k

HAXFHEE 8

Relative protein expression

o
T
0.5

(=]
S
h
—
=1

PMZﬂEJ#/(pg mL)
PM, , concentration/( . g * mL™)
3 Western Blotting £l PM, A0 72 h f§
ZHAItZ A B-catenin FE B RIEMITL
T SRR, S P<0.05,
Fig. 3 The expression levels of (-catenin proteins after exposure
to PM,; for 72 h were analyzed by Western Blotting

Note: compared with control group, * P<0.05.

~mL" 1 10 pg-mL" PM,, 2H B i A1 & 4 5
(37.59% +3.08% )F1(46.34% +5.19%), 5 X} IR 414
I, 10 wg-mL" PM, 2 A549 4 g it 6] if 4 R W
HENN(P<0.05), Transwell /N 15 iEF5 FlZ 78 50 56
SN IE 2B AR 2 Fis X R4 2.5 wg-mL " A 10
pg-mL" PM, 20 FP2F o R 0 4 55 5351 R (118.67 +
4.5) AI(32.33 +2.73) 4~,(122.50 + 6.53) PAI(35.5 +
5.17) 1~,(165.67 + 6.62) I~F1(47.83 = 2.04) 1>, X
HRLHAIEE, 10 wg-mL" PM,  ZH /a8 BB I T 26 1 (1) 40
AN EH B4 22 (P<0.05),  FiR%E %] 10 pg-mL"
PM, s AT fift A549 ALY (RIERETI3G 5 .
2.3 PM, 3¥5% AS549 4l Wnt/B-catenin 15 = i %
T

PM, Ab B A549 4 i J5 , Western Blotting 7% i
WA A% N B-catenin 2 R IA M54k, 45 R ANA 3
I 3 i 457 AS49 4 2.5 pg-mL"' Fl 10 pg-
mL" ) PM, Ab3 72 h 5, SXTIRAIAE LG, 10 pg-mL!

£2 PM, (R AS49 AREERINEE
Table 2 PM, promotes migration and invasion of A549 cells

AR (X9)/% TR (x+5) Z2EA (X 2s)
§ Rate of wound healing (X+5)/% Number of migrated cells (X+s) Number of invaded cells (X+s)
Xt HE41 Control group 6 32.58 + 047 118.67 + 4.5 3233 +2.73
TGF-B,(10 ng-mL™") 6 44.15 + 176" 171.17 + 835" 49.83 + 5.84"
PM,5(2.5 wg-mL1) 6 3353 + 1.66 122.50 + 6.53 35.50 + 5.17
PM, (10 pg-mL") 6 4281 = 1.86" 165.67 + 6.62° 47.83 + 2.04"

SRR e, b P<0.05,

Note: compared with control group, * P<0.05.
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PM, ZHANMIAZ A B-catenin £ [ 335 7K - B 1 155
(P<0.05),
2.4 PM,; i A549 4iffi cyclin D1 snail  slug
MMP-2 F1 MMP-9 {)4E (4 21k

PM,  Ab B A549 4 fiflJ5 , Western Blotting 7246
T ZH i Y cyclin D1 snail ,slug . MMP-2 F1 MMP-9 %5
MR AR L, 25 anE 4 F3k 4 FR . 45 T AS49
A0 2.5 pg-mL" A1 10 pg-mL" f) PM, AbFE 72 h
Ja , SXTIRAHAEE 10 wg-mL" PM, 140N cyclin
D1 snail . slug, MMP-2 il MMP-9 {45 [ 3¢ ik B i
B4 (P<0.05),

3 itif ( Discussion)

JIe e 200 B P e A% O it i £ 2 O K LA S T AR T
BB JR A, LA ST PM, X Bili 88 52 I A0 T 5% 22
A6 rp SO A IR A 40 5 BE T R AR O Tt e
TG T PM, s & 7 AJ AR 28 it 98 174 L 100 2 8% () BT 52 i

PM, /(ugmL") ¢ 2.5 10

cyclin D1 | e— ._,.
s
-
MMP-0 ——
" -

actin |~ ———

D ULIRIE . A AL transwell 88 (228 5L 56 I
1K) JR SE A I PML, X s AS49 i RS 1R
ZERE ST AR | 45 5 S R A TC LA 2 F T B AR vk
(10 pg-mL ™) PM, AEFH 72 h B AT B 55 4 558 fi g
MR (RIERES, UL PM, AT AR ELA (i b il s

R®3 PM, XTI AS49 ZHAE#% A B-catenin 3 B 1H
JRIBERIFM ( X+s,n=06)
Table 3 The effect of PM,; on the expression of

B-catenin protein in A549 cells nucleus (x+s,n=6)

PM, ;/(ng-mL™") n B-catenin
% B&4H Control group 6 0.90 + 0.20
25 6 1.14 £ 037
10 6 2.17 + 033"
F{H F value 12.50
T SXHRALLEEE, " Sk P<0.05,
Note: compared with control group, = P<0.05.
B
2 aMMP-2
aMMP-9 % i
*

1.5 F mcyclinDl

B snail

AR R
Relative protein expression

ANNNNNNANNNNNNNNNY

0 2.5 10
PM, K/ (ug-mL")

PM, . concentration/ (pg-mL-")

Bl 4 Western Blotting ;E#&AIN PM,, 72 h JF4AEMA cyclin D1, snail slug, MMP-2 1 MMP-9 & B R AT
T SXRALIEEE, " R P<0.05,
Fig. 4 The expression levels of cyclin D1, snail, slug, MMP-2 and MMP-9 proteins after treated with PM, for 72 h

were analyzed by Western Blotting

Note: compared with control group, *~ P<0.05.

x4 PM, SEHE A549 ZHAE cyclin D1, snail slug, MMP-2 1 MMP-9 Z 583} R A B8 00 ( X+ 5,n=6)
Table 4 The effects of PM, . on the expression of cyclin D1, snail, slug, MMP-2 and MMP-9 protein

in A549 cells (x+ s,n=6)

PM, s/(jg-mL") n cyclin D1 snail slug MMP-2 MMP-9
X IBZH Control group 6 048 = 0.17 040 = 0.16 0.18 = 0.09 0.09 = 0.01 021 = 0.16
2.5 6 0.54 = 026 0.54 = 0.17 041 = 0.11 0.09 = 0.02 024 = 0.16
10 6 1.54 + 0.13" 130 = 0.12" 1.19 + 0.05 1.10 + 0.10 1.20 + 0.20
F A Fvalue 2828 39.63 108.92 209.92 31.09

TE XA LA, S P<0.05,
Note: compared with control group, * P<0.05.
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FNFERL BB 55T, TR I 45 i 2 1 il 58 A o 8 44
MUERE R 2B R v R AR AR . 2R (B
FEAE/ NN it ) oS4 R D 4 Je B P il K ok R
HE o 4 £ -2 R L B 4 ) 2R 1 -9 R AL T 4
JEHE H RN EZE A5, [FJE T 1V AU R
T [ i A T R B B R PG R A TV AR
Ji, G 32 i 20 B A= 2 AN, R AR IR e R ot
e BT 8 EAE PN W 5T 3R B . Wnt/B-catenin
5 3 5 1) TS BB % 1 MMP-2 Rl MMIP-9 (1 34
AKFHE ™ U Dong P B 5E R W . L B
A IE 1S Wnt/B-catenin {5 5 18 B8 H R AL 45
MMP-2 1 MMP-9 7 N [ 22 Ff 35 [K 32 35 T, 3§ 5%
JR SRR A UST R28HES) . AWFFEH Western Blot-
ting S 40 45 R B L 75 TC MLTE 25 1 T BAR MK B (10
pg -mL ) PM, /FFH 72 h BIA] {f MMP-2 il MMP-
9 HHRIBACER LA, UL PM, 38 98 il 98 A549
YiLERS fRZERE 1 VE 5 FLE Wnt/B-catenin {5
IR EOTE A R i MMP-2 Fl MMP-9 45 1
FTIRAK

cyclin D1 J& 4 jfd J& 91 85 1 R i — > Bt 78
il A0 0 R i R v R AR AR T A eye-
lin D1 o —> 9 5L A, 76 22 g £ 45 i 98 vp 52
RGBT Ok 2 ) F 5T R B, cyclin D1 5
TGRS S R BDI™, n Li P9 AR TEFR, cyclin
D1 il it i ROCK 155 R & 4 il X ¥ TSP-1 Tfij
RR AN E B RE . AN, A0 R I E D1 42
155 MMPs (35 FNE L, TR R 228 1, U0 Ara-
to-Ohshima £ 58 26 1 cyclin D1 4K [ 14 3 &

FEIRTHE T MMP-2 F1 MMP-9 (1) 175 P - 184 58 i Jie
JE IR A A 1R 28k

BEFR B 1 5% T snail B8 K AL 4 snail (snail
1) slug (snail 2)2 NELGL , —F A NHE SRR a4
SLUBSLPR AR AT A 40 1) A 5 T A
ZO-1 Ko by i es 40 e i) 4 J 2 BRI 0 3k, X 8t
B B T8 g e i) i B % 7% 00, DU UL T A% A
iR F%) 9 1 200 B ] A Ak B RS ML R P 40 Wang
LB RFSE 20« snail fiEHE MMP-9 3k, Jf H =%
P 5 HUR R FL S R bk 5 A A G, Li AR
38 snail /7S MMP-2 F i85 4002 2 v sm A
Ko Qiao FEPY 5CF 1 R 41 i 95 A9 BAF 5% UE B .
snail il i3 _F 5 MMP-2 Al MMP-9 fi¢ #F 41 fifd & 4= I
B8] G % Ak, s % BE 71 3% 5% . Bolos %PV Al Chan-
dler®" W 5% & I, slug 3 i3 I8 45 LI ) MMP-2 51
20 B IV T8 58 T R B ) 8 A, 17T 2 155 e 240 L 1
RESHH ., Qiao Al Yue SV HRIE slug W2
38 MMP-9 135, Wnt/B-catenin {5 5 5% T ik 12
AR snail A1 slug FIK7KF-, 24 Wnt {55 800G ,
FaxE 1Y B-catenin #E A 4HfIA% N5 TCF/LEF i H.AE
H e 2 A9 n] i snail A1 slug 5% 5%, % N 7K
Bame

AHIFSE P AR BE (9 PM, (10 pg - mL ™) 4R
72 h BIATBA & 4 cyclin D1 snail 1 slug F 25 4
KK, 1568 Wnt/B-catenin {5 53 % #47 [F] i+ 1 14
TR R AR 0 2GR T BE R Y R Rk
Al #F—25 9% MMP-2 Fll MMP-9 13235 , {12 #F b7
LA AL TR 28

25 LTk AW oY K BURE AT 9 AS49 4 it A
T F5F T i T HRAGMKR Y PM, (10 pg-mL™")
72 h, et A M A I 2 AL RE s R R S
PM, ;T {t. Wnt/B-catenin {55 & 38 ¢, I 14 40 i
cyclin DI MMP-2 MMP-9 ;% 5% [H ¥ snail Fll slug
AR Sy S S

EHAEE B W Ak (1964-), %, W+, #4%, HE A 507,
B 75 100 A R A5 Fe oo Bl 0 o ML) B A B
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