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P68 MKN-45 20 i (334 G 300 1 536k B ( P X < 0. 01) 5 20 Jf0 B Y8 50 88 T (P < 0. 01) ; 4 i 4% A% 3 i R s Bk (P <
0.01) , it (R 224 E T (P 4 <0.01) ; H HIF-1a ,Ras \MAPK |NF-«B 2 [ A% £ B 138 (P 3 <0.01)
R AR BRI, AR HE CoCl, KbBRLA 50 L oA 22 R Giit2A B L (P 34 <0.05) . & L&A
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Effects of simulated hypoxic microenvironment on invasion, migration
and Ras/MAPK/NF-kB pathway of human gastric cancer cells in vitro

YU Peng-jie, YAN Su
Department of Gastrointestinal Oncology, Qinghai University Affiliated Hospital, Xining, Qinghai 810000, China

Abstract: Objective To investigate the effects of hypoxic microenvironment on invasion and migration of gastric cancer
cells and the pathway of rat sarcoma protein ( Ras)/mitogen activated protein kinase ( MAPK)/nuclear factor kB ( NF-
kB).Methods Human gastric cancer cells MKN-45 were cultured in vitro and cultured in the medium containing 0,0. 5,
1.0,1.5 mmol/L cobalt chloride (CoCl,) ,CCK-8 assay was used to detect cell proliferation;the plate cell clone formation
assay was use to detect the colony formation;the scratch test was used to detect the cell transfer ability; Transwell cell
system was used to detect cell migration and invasion ; Western blot was used to detect the expression of HIF-1a protein and
Ras/MAPK/NF-«kB pathway related proteins. Results With the increasing dose of CoCl,(0,0.5,1.0,1.5 mmol/L) ,the
proliferation inhibition rate of gastric cancer MKN-45 cells decreased (all P <0.01) ;the number of cell colonies increased
(P <0.01) ;the cell metastasis inhibition rate decreased (P <0.01) ,the number of cell migration and invasion increased
(all P<0.01),and the relative expression of HIF-1o, Ras, MAPK and NF-kB protein increased (all P <0.01). The
above changes were dose-dependent, and the differences between the CoCl, treatment groups and the control group were
statistically significant(all P <0.05). Conclusion Hypoxic microenvironment can inhibit the proliferation and decrease
the invasion and migration abilities of gastric cancer cells, its mechanism may be related to inhibit the activity of Ras/
MAPK/NF-kB pathway.
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WA R R R E U . A ST R,
TR AEL R e L i A B 7, (] g i A
EN 77 P R & e DG i m = B ) DR Y 1R S L
AL TF ORI FEEE RA — TR BT RIS T
AT g A (R 2 A% B AR PR B A
A, AR, KB AR (rat sarcoma, Ras ) £
P AT 38 S T T U 22 243 A6 2 1 I ( mitogen ac-
tivated protein kinase, MAPK ) /#; [l F ( nuclear factor,
NF) -kB {5538 [ , 1€ 28 JF 98 200 M A 185 5, 14 5 LR
271 SATIAE B h Ras/ MAPK/NF-kB 3 2 75
S UMRZEA ¢, BRI AU . A58 i AR S s
PR IR 77 i 40 i MKN-45 0 Z2 A 200 41 i
WagE Ll K Ras/MAPK/NF-«B i i 18 52, AFR i
AR VE AP

I #MBEFE

L1 s#mie NBEAMR MKN4S 7 rp =R
e b VAR AR IO ST BT, A AR R TR HR L %
10°/ml 505 10% Jifi 4 1fiL 3% DMEM 85 55 56, &
T37 C 5% CO, MR hiise , 42 ~3 X
AT 55 37 W, T A0 ML A LIS 80% I, 3 2 5 5%
W, M BB 11 Bl I A A 38, R AT A5 AR 1 55 A 4 i
AT

L2 XA SNE FERAES RO R4
1 \DMEM 1 #5 5L 390 T 3 [ Gibeo 3R] ; — HI ALY
B, AR 4RUFS S 70 S AL il ( CoCl, ) 1l A 36 [ Sigma 24 7]
CKK-8 #5514 2 1 $2 Bt 7] & . BCA A6l 3571
BB PRI A BT = KA ] BBTA Ras
MAPK NF-kB . fift %2175 5 [Nl T ( hypoxia inducible fac-
tor, HIF ) -l B-actin —477 LA K 1 SE-$t BLBRAR i A0 fk
B (horseradish peroxidase , HRP) #ric IeG —Hi1y
H & CST 2wl CO, B3R T H 7R Sanyo 23 Al
680 HUREHR X (e H HL KA T 36 [E BioRad 23 H] ; B
W R ARA A T Thermo fisher scientific 23]

1.3 BrRzik

131 dfisdsE sy O EO0 40 L 45 n PBS
BEJE A 0. 2% e i 75 W0 AL , A8 0 55 37 W 2% 1B T
Ak, il A8 AL 200 R s 2 A B G A, I R AR K S
T e SR, IR U 0.5.1.0, 1.5 mmol/L
CoCl, , [AlHf AR CoCl, 20 B 35 57 WA Sl X R4
FHBE 6 ANEK,E 37 °C 5% CO, FFRFE NIy
RG24 48 72 96 h 5, BN CCK-8 W = iR T
4 h,5%%% 0.5 h 5, & T EEARIY 490 nm A0 5E %5

1.3.2 “PARAAL e REIE sty OB A K Y 4%
ZH AL, 0. 25 % JHRAE 11 I T i A 5 A R A W2 b 7
96 FLATMILEEFRA 40 A 2% BE A 1 x 10° A4~/ml,
37 C 5% CO, 3537 10 ~ 14 d, R P IR 7] UL o [
Jo k35 5, PBS T VA M, AN 0 P S 1
20 min , R FH 45 S S AL, 30 min J5, PBS I K
Ve RIS TR R A

1.3.3 RJRSCE  UREANMIEREEE N 1 x 10" 4~/
ml AR TRt & 37 °C 5% CO, 55 374H
TR E 24 h e S ORIk B WO AR Sk AN
MG FRRAE S R R R MR 2 2 eom (IR IE, £ 55
24 hJE'E T WA N WA Rk,

1.3.4  Transwell /NEAGIAHMITRERE ) WA RTEL
SR, T 3 B8 T PR AR, A L 28 R
1 x10° A/ml, AN i A L35 45 97 5, 680 200
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HBZH A1 0.5 .1. 0 mmol/L CoCl, ZH 2 JHo 3 % 1 4] 25 2
F+(P ¥ <0.01),1.5 mmol/L CoCl, ZH #H i 3 % 11 ]
FAE ETHETRE(P <0.05) o B b 70 5 15 i,
(7] — s [E]  F74) £ L 182 40 1) 23 3 o , 5 7] 2 o
(P ¥ <0.01) ; 7E [f] —F ] 55, % ¥ B2 CoCl, ZH 4f ]
PN R TR A (P 3 <0.05) . W& 1,
2.2 BHHEBEFHAMOL REE SR EAYE N, W
TRECR BT, B EARAEE (P <0.01) ; ¥ JE CoCl,
LA MR P 2 v TR IRZE (P 15 <0.05) . L3R 2 F0
K1,

2.3 mpasEAS T OL B AL BN RRA3E, 40 A
R4 i) 48 32 [, 52 70) 8 MO 1 (P < 0. 01) 5 & Wk JiE

CoCl, ZH 21 Jifd % % 41 il 238 B (K F X 41 (P ¥y <
0.05), WL.3k2 Al 2,
2.4 mRaizg R BEE LIRS AEE N, 40
MUIERS R BB S T, B AR AR (P 3 <
0.01) ;45 M CoCl, AHANMIITRS (R ZBH Y = Tt
MEZH (P ¥4 <0.05), WL3 3 FE 3,
2.5 e HIF-1a #= Ras MAPK NF-kB & & £3&
Bifi 25 A B 5] 8 (900, 4% CoCl, 41 HIF-1o 1 Ras .
MAPK NF-kB 2 [ 4 X} 2 ik 5 32 T, HLA 71 54K i1
PE(P ) <0.01); 44 E CoCl, 41 HIF-1a #1 Ras,
MAPK NF-xB AT E R w4 m P IR, W3k
4 ME 4 F 5,

F1 HAMAEEMFEERLE (n=6x=xs)

¥ 4 o] 1| 3%
g3 R I FE AN (% ) Pt
('mmol/L) 24 h 48 h 72 h 96 h

Xif HE 21 0 7.23 £0.52 8.16 +0. 17 10.25 +0. 47 12.13 +1.65 <0.01

CoCl, 41 0.5 5.55+0.37° 6.24 £0.42° 7.25 +0. 36 8.41 0. 66° <0.01
1.0 4.34 £0.42% 5.19 £0.47% 6.73 £0.22% 7.17 £1. 06 <0.01
1.5 3.55 +0. 26 4.47 £0. 36" 3.79 +0. 23 3.05 £0. 55" <0.05

P <0.01 <0.01 <0.01 <0.01

S0 B4R L, P <0.05; 5 0. 5 mmol/L CoCl, ZHAHH,"P <0.05;5 1.0 mmol/L CoCl, ZHAH,P <0.05,
K2 FBEAREHESTMAMREBENLR (n=6,xxs) 3 JBAMREE IBERLLE (n=6,xxs)

2H 31 WEE (mmol/L)  WVEEUR(A) AR (% ) 25 WP (mmol/L)  IERSANMIAE (1) RZBUMEE (1)
X B AL 0 11.47 +4.06 46.73 +5.25 X B2 0 72.39 +£19.26 27.31 +4.37
CoCl, 41 0.5 18.12 3. 17¢ 36.52 +3.78" CoCl, 41 0.5 89.71 =16.33* 61.57 +8.29°
1.0 32.79 £2.51% 27.33 +£3.59% 1 95.39 +17.48% 68.57 £5.28%
1.5 41.91 +4. 68 10.63 +1.55™ 1.5 127. 43 +25. 29 75.62 +7.79%
P1{H <0.01 <0.01

T 5B L, P <0.05; 5 0.5 mmol/L CoCl, ZHAH L, P <
0.05;45 1.0 mmol/L CoCl, 4 H,°P <0. 05,

1 XL G, *P <0.05; 5 0.5 mmol/L CoCl, ZHAHIL,"P <
0.05; 5 1.0 mmol/L CoCl, ZHAHLL,°P <0.05,

R4 BT Ras MAPK NF-kB #1 HIF-1o EEEXRIEELE (n=6,x£5)
2H 5 e J&F (mmol/L) Ras MAPK NK-«kB HIF-1a
X} HE2H 0 0.28 +0.03 0.25 0. 04 0.23 0. 04 0.15 +0.03
CoCl, £ 0.5 0.48 +0. 06 0.41 0. 06 0.41 0. 04* 0.36 0. 04*
1.0 0.72 £0. 08 0.76 £0. 12 0.56 +0. 06% 0.62 £0.04®
1.5 1.16 +0.29% 0.91 +0. 05" 0.83 +0. 12%° 1.08 +0. 05"
P <0.01 <0.01 <0.01 <0.01
1 SRR, P <0.05; 5 0.5 mmol/L CoCl, ZHAHLL,"P <0.05;5 1. 0 mmol/L CoCl, #AH 1, P <0. 05,
COC]z COClz
o HeZH 0.5 mmol/L 1.0 mmol/L 1.5 mmol/L bapileez:] 0.5 mmol/L 1.0 mmol/L 1.5 mmol/L

..

B A e B A5 2 R 7 R T

CoClL,

0.5 mmol/

3 Transwell /NE LI H AR ZR 2R HE S ( X 100)

2 RRSIERAS AN AL R O ( % 100)
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CoCh
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Ras

S A~ o, L5 T

NF-«kB T e - —

5 ASLLUNME Ras MAPK NF-«B 3 [ 3215 G i BV ik 4]

p-actin

3% i

I PRATF 53 5%, 6 bR S 4R 4 40 o 7 8 80 1 4
5 em#hRBUAR A 40 A7 76, H 40 3R BE pH (A
7,05, i 55 R , 156 AV AR S A T R 19 5k AR AE
P9 SN 7E T 25 W T Ar e B AR IR o oo
UMM AE UEA T RGP TR R L AR R, & A JC SRR
Teefidt , S BN & A TR AL , 7 it 2 4 22 SR DR 3
B IR DL RS T R A R | i — 2 S ) e R G 2R
LU JE I A B RS B AR A R IR T R e i
TR TR L R A I I S8 R v R 4
P14 B WA A LA B A 56 35 [ 10 2238 5 T 58 6 8 1 %
AL R AT 20 BB 3 X, CoCl, ARSI 37 b
e it R4 4, CoCL, 43F iy Co™* Al AR i
AR 4 B el el U S TR A S 91 A || EAR -4 = B e K
SEL PETI 0 40 g b T S R8s L A RS BoR, T
R AN FE R 45 T CoCly bR, Bt 25 Ah B30 o2 1Y)
T T R M S B TR A5 — L, AT
FREEH IR, 5% B A H, CoCl, 4% 20 440 it 417 i) %6
YRRAR | T 76 B T, W] CoCl, b B B % 12 F
5 9o 2 LR 42 25 0 7T 5 Vi) 4 3

HIF-1a S EARE S T T 7B 1 DNA 254
A, F B T8 S S A0 i AR b i R
W R, HALARAL T B4 SRR, HIF-1o0 REAS 4E 7
BLARIE # A BTN fiE, (R4 R 35 , HIF-1a #5351, 14
P2 H B SEER B Rk, K PR I 1048 | 2140 B 1 A
A AR A AR R, LA b R AR e 3 AR AR R
B SRR BN A0 h HIF-1a Fe5k T AT
T IR 52 1) 3T RS A G R 2R, 4 TR a0 g 4 i
fssE 228 B . AL R, 5 X IR

AHEE, CoCl, A 4R HIF-1o 8 1R, R W]
CoCl, 4 J5 RE 415 G HIF-1a 5 1, $2 /R (R FR 5
BALST

— A BREA ATAE E IohR A f  A2 2E R,
TE T A v Sk s i o A Ak 3L 2 1) AT i e
NI 28 TR RE Sy i 1 o, EL A2 a8 40 i L iz )
JREEAL (EMT) % A= A BF 5 45 51 R Bl %
CoCl, KbHy B2 (1% 358 10 , 40 Jf 54 % 100 1) 238 328 37 R A1
=28 ERECER BT, R ES e i B
FEANM AR 28 L RETE J1. Ras o DNA &5 58, 78
ZFEIE I R A 548, 3 Ras B TG PEIG 3R, f2
biipia i o T I e I N S s P e P
R 2 — ) Afshordel 251" B9 R Ras 43
IR T I Ied 240 L T, A LR 4 S T S A
T, Xian 25"V B 5% IE 52 MAPK/NF-kB A Ras
T UieiE %, Ras 36 45 0% MAPK B, fii Ras T Jif
{5570 F Raf 535 2 i A A IR Ak, i — 2D VT
MAPK , #8220 A% N, 0% NF-kB, UK Ras JH £,
HET MR 28 9 B, 48 B AE 1) 2B, 28 S ZE )
5T /R MAPK/NF-kB ] 410 i B (R 978 240 i 12 %
TR, 7 S HE T . /N BFSE R 8% NF-
xB/MAPK 3 f# 7] 75 5 2L B 6 40 i EMT {2288 % .
TEARSESR A T IR 2 05 (LPS) 3l 1 0% NF-kB/MAPK
W5 HIF-1a 33K, SET 1 RAW 264. 7 4 ifg
g, LR BFSE X R NF-«B/MAPK 3 % 5 fif
TR ZE GERE R UIAE G . ABFSE WoR , Bl 4 Ak
FEFNE A ,0.5.1.0.1. 5 mmol/L CoCl, 2 Ras,
MAPK \NF-kB, 8 (138 s, B0 X A, $2
7 CoCl, T 3 15 % 7% Ras/MAPK/NF-kB & 42, {iE i#F
B2 T,

g5 R, i A R AR A PR B rh 2 Al a3 i s 240
W fR B 278 FERS AN EIE HIF-1a F23k, HARE AL
il T 58 5 0% MAPK/ERK {55 B8 5¢, AR
YA 28 RSP A A 2%, AL LA S 96 40 i R MINK-
45 VRGN R AT IR, AR U 75 18 38 i H A A
SIS RAEVER A R R SR A

S% 3k
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