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[/ T] H AT R 7L 40 b 1 Rz v 5 4% Ak epithelial-mesenchymal transition, EMT )5 P-## 2 [ ( P-glucoprotein,
P-gp ) I Z 25T 25( multidrug resistance, MDR )i 56 2 K HATRERUMLA . 775 ¥ 38 Snail F PR B9 20K F 35 814 peDNA-
Snail #4e \FLIREANM MCF-7,, 2 ZE H 2 ( doxorubicin, DOX )5 SA-HANMIM 25 . Sy MMz b ARaEd 4555 %
( E-cadherin ) . [B] BEAR WL A H( vimentin ) DL S P-gp B3R 3K, MTT A6 00 T 24 41 i 19 385 58 , RT-PCR 00 Snail \MDRI . p38-
MAPK mRNA [k, 453 : 41 68 %6 3, 5% peDNA-Snail ZR4KJ5 , MCF-7 4l % 2 EMT, E-cadherin 753k . 2% B 1%,
vimentin ik F F4E s P-gp 76K 4 EMT Yy MCF-7 il Jfd P 3k % H & . 28 DOX i 5, MCF-7/Snail 40 Jfd i1 15 245 B 1 4%
MCF-7/DOX 41l jfd i ZE 4 58( P <0.05 ). RT-PCR .7~ , MCF-7 4 il & A= EMT )5, p38-MAPK FRik i Z & ( P <0.05 ), MDRI
FIRE SRR T E( P <0.01). 4518 MCF-7 40 % EMT J5 , o il p38-MAPK 51 % P-gp /59 MDR.
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Epithelial-mesenchymal transition modulates P-glucoprotein-induced multidrug
resistance in breast cancer MCF-7 cells via p38-MAPK

TANG Yong', WANG Hui’, CHEN Wei-juan’, LI Wen-tong’, LI Hong-li*, ZHAO Xiu-shi’( 1. People’ s Hospital of
Weifang, Weifang 261041, Shandong, China; 2. Department of Pharmacology, Weifang Medical College, Weifang
261041, Shandong, China; 3. Department of Pathology, Weifang Medical College, Weifang 261041, Shandong, China;
4. Medical Laboratory Center, Weifang Medical College, Weifang 261041, Shandong, China )

[ Abstract ] Objective: To investigate the relationship between epithelial-mesenchymal transition ( EMT ) and P-gluco-
protein ( P-gp )-induced multidrug resistance ( MDR ) in breast cancer cells and the corresponding mechanisms.
Methods: Eukaryotic expression vector pcDNA-Snail was constructed and then transfected into human breast cancer cell
line MCF-7. Multidrug resistance was induced by doxorubicin ( DOX ) in different groups. Expressions of epithelial mark-
er E-cadherin, interstitial marker vimentin, and P-glucoprotein ( P-gp ) were detected by immunofluorescence. MTT assay
was used to measure the proliferation of drug resistant MCF-7 cells. Expressions of Snail, MDRI, and p38-MAPK mRNA
were evaluated by RT-PCR. Results: Immunofluorescence showed that MCF-7 cells had EMT after transfection with peD-
NA-Snail vector. The expression of E-cadherin was downregulated, and expressions of vimentin and P-gp were upregulated
in EMT-like MCF-7 cells. Drug resistance of MCF-7/Snail cells was significantly enhanced compared with MCF-7 cells
after induction by DOX ( P <0.05 ). The expressions of MDRI and p38-MAPK mRNA in EMT-like cells were also signifi-
cantly increased compared with those in parental MCF-7 cells ( P <0.05 ). Conclusion: EMT may trigger DOX-induced
and P-gp-mediated MDR via p38-MAPK in MCF-7 cells.

[ Key words | Snail gene; breast neoplasms; epithelial-mesenchymal transition( EMT ); multidrug resistance( MDR );
P-glucoprotein( P-gp )
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2 24Tt 25( multidrug resistance, MDR )& 5 M ZL,
P B EAT BRI EE N RZ —, K B 23
JidEE BB AR 2 D T BT R XA TT 25 W 7 AR
MDR''?'. £ MDR MBS R 3R, £ 24t 24 7L it o
MR AR 28 AL RE T 5 2 A AR A LU I Y 4 i
BAEA BRA T b B2 Bri% AK( epithelial-mesen-
chymal transition, EMT ) ¥f ok 2531, & B MDR 5
EMT [HJfF7EHC AR o

BETE 5% 5% I Snail J& T 5% 406 A Y
Snail #Z R, &—F &5 A AR 45 DNA 455 8
H, AT VEGIF 5 E-85 %5 % ( E-cadherin ) i3 3/ F#6
B854, i E-cadherin &R B33k, & b R PRI
EMT s i i — D 2R R, Al LA — 72
b B g A0 ) 42 2% A 0 PR R I P-glu-
coprotein, P-gp )J& ATP 454 & IR % iz 16 1l K
(i — B3, itk ] bR 4 At = A= MDR'7 Y,

A SERHGE Snail FePR IR AR EL e ANFL
JiHE MCF-7 4i, (E 40 % 2 EMT, f 2 H A
( doxorubicin, DOX )ifs 4 ff fiif 25, %L EMT X FL
HRIERANNE MDR & A= 9 520, I8 20 2R H kA 1Y
Bl

1 #HREFEE

1.1 EZFEHMA

MCF-7 4tk i ey 5 2 e B 2 vt S 0 25 4
ik, MTT g [ Sigma 23 7. MMLV c¢DNA ¥ %% 5%
fitg . BR 1 14 9 V) i . SYBR RT-PCR i 77 & & Pfu
DNA REBHE H REEAEYAE, 51 E RS T/A
e RERF S B B A T AR TRB RIS A R
ONH Eﬁ%\%ﬂjﬁﬁipcDNA& 10-) Lipofectaminev'vM
2000 iR FAREE Gl R & H Invitrogen ARl . —3T
V&S N NSNS T /A
1.2 pcDNA-Snail A4k ik # 4k oh # &

TRizol #& B FL R J% 41 2 B. RNA, i %% 5% i
¢DNA, Pfu "3 Snail £:H( NM_005985.2 ), Li#5]
Y}y 5'-CCACTATGCCGCGCTCTTT-3", FiF5| ¥ h
5'-TCAGCGGGGACATCCTGAGCA-3'. # PCR =¥
Rufl A JG R T 8K, E 4527 AR S A
[ i O = O = NI |
Not 1 Fl BamH 1 V), BiV) 7= 9%+ pcDNA3. 1( -)
JERE, F4 8 S peDNA -Snail BLIZF R84
1.3 BR AR5 F k4% F A= DOX @ 25 20 0 Ak
EO= A

FLAR I 40 MCF-7 & 10% Jf 4= 13 RPMI
1640 I8 37 °C 5% CO, ¥EFMh IS, M

JE T4 peDNA-Snail F1 peDNA3. 1( - )% Y MCF-7
Y, G418 T &, iy 44 4 MCF-7/Snail 1 MCF-7/
pcDNA . F RT-PCR A I H A Je 2 =% . DOX ik
e B2 AL N R 2215 5 MCF-7. MCF-7/Snail #il
MCF-7/pcDNA 41 3 A~ 100 535l 6w 4 8 MCF-7/
DOX , MCF-7/Snail-DOX #1 MCF-7/pcDNA-DOX .
1.4 fmpa% % 5% kA4 MCF-7 2m 86+ E-cadherin.
vimentin F= P-gp #9 & ik

M 5 4% 2 B H A 2, 10% 10 2F 1 i
HHI(37 C ) 30 min, IA—PL 4 CHF LR, N
FITC 3 CY3 #Ric ) —Pt,37 CHFF 45 min, 236
BT T WA .

1.5 MTT i&4&m MCF-7 28 oo 38 74

TOGHESAE R T 1 45 2L A0 e, 1% 1 % 10 A~/ ml
A EIR , RPN T 96 FLHR, 15 5% 24 h 54 A
£0.1.0.4.1.6.6.4.25.4 pg/ml DOX HyBEFEIE, 45
M4 HFL; 9548 ~72 h, 5 LI s LA MTT, 4k 4L
Kig% 4 h, JInA DMSO. F#R{ L Dy, . MCF-7 4
SCHG ) BEAE E, IF 7 RR( relative drug resist-
ance ) = 2541 1C,,/ R AL 1Cs,

1.6 RT-PCR # | MCF-7 %8 &, P p38-MAPK #=
MDRI mRNA # & i&

TRizol 7% $2HL MCF-7 40 §d i 5. RNA, 336 % A%
cDNA, RT-PCR £ Wl ¥ 4< o+ MDR1. p38-MAPK
mRNAZ A K, B-actin 2. W i il SYBR
Green 1 a0 &, # UL 84, S 1P 91 L 1

&1 MDRI .p38-MAPK 0 B-actin 5|4
Tab.1 Primers of MDR1, p38-MAPK, and (-actin

Gene Primer sequence Sire
(bp)
MDRI  F: 5'-CAGGAGATAGGCTGGTTTGATGGT-3’
R: 5'-TTAGCTTCCAACCACGTGTAAATC-3’ 172
p38-MAPK F: 5'-TCGAGACCGTTTCAGTCCAT-3’
R: 5'-CCACGGACCAAATATCCACT-3' 463
B-actin F: 5'-GGATCAGCAAGCAGGAGTATGACGAGT-3’
R: 5'-CGCAAGTTAGGTTTTGTCAAGAAAGGGT-3’ 116

1.7 “itsae

K HI SPSS17. 0 i AT it oA, 45 Rkl
x5 o, AL LUBCR ¢ K9, Z2 20 1] LUk
FHEAR EJ7 22081, P <0.05 WESAHGH¥E X,
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2 & R

2.1 pcDNA-Snail AA4% & ik # 4k 09 #y 2

RT-PCR & B 45 5 M Snail F&H F Be( B 1A ).
i El e =i e = ST W= R U oS B N 52
JIASFHIALE Blast b ibAT HOX, HX IE 5 6 H 5 il
YU peDNA3. 1( - ) TR % 32, #)2 peDNA-Snail B
Wi R38R, F NotTH! BamHIXUEHI % E( K 1B ).

1 RT-PCR 5Ef£ Snail /rE&( A )0
pcDNA-Snail HEEETILEE( B)
Fig.1 Cloning of Snail fragment by RT-PCR ( A )
and identification pcDNA-Snail plasmid

by endonuclease digestion ( B )
M: Marker; 1-5: Snail fragment amplified by RT-PCR;
6-9: pcDNA-Snail digested by Not [ and BamH |

2.2 pcDNA-Snail B4k 89 4 3k &

VI MCF-7 408 Snail 5 B-actin mRNA HLAEAE
K1, MCF-7/Snail 4 Mfd o' Snail mRNA #H X% 7K ~F
(4.37 )bt MCF-7 4 g 5t 3 F+ (P < 0. 05 ), MCF-7/
peDNA 2t 0.98 )5 MCF-7 4l fc i 255 K 2 ),

by

2 i

(QELE]
TEO
S
50

B2 RT-PCR #ill MCF-7/Snail 408+ Snail mRNA HRi%
Fig.2 Expression of Snail mRNA in MCF-7/Snail cells
as detected by RT-PCR
M: Marker; 1: MCF-7 cells; 2: MCF-7/pcDNA
cells; 3: MCF-7/Snail cells

2.3 Snail # -5 MCF-7 %8} vimentin %9 %3k
— %A N, E-cadherin il vimentin 43 5l & EMT
R AR R A EY . REEIEEE R BN,

X T MCF-7 408, MCF-7/Snail 41 i E-cadherin
{283k 5B 3R, vimentin 19 F 5 BT 18 3),
7R Snail 55 MCF-7 4000 % 4 EMT,
2.4 DOX %% MCF-7/Snail 28t P-gp % %k ik
HEve Y45 L i, AT MCF-7/DOX 41l fitg,
MCF-7/Snail-DOX 4Hffif P-gp FEik &1 K 4 ),
$EoR EMT & A 59 [RI MCF-7 20 MR 25 1 1 5
2.5  Snail 423 MCF-7 283t DOX it 25
MTT 45 3 %75, MCF-7/Snail-DOX 40 S RR %
MCF-7/DOX £ MCF-7/pcDNA-DOX 40 Jity . & TF i
(P<0.05,% 2), fER —24 ¥ E T, MCF-7/
Snail-DOX 4 A= £7 38 i T HAh 3 ZH 41 P <0.05
8 P<0.01,K5).,

Vimnentin

E-cadherin

MCF-T

MCF-T

snai|

3 E-cadherin #0 vimentin £ MCF-7 5
MCF-7/Snail ZRRf1 P ERIE( %200 )
Fig.3 Expressions of E-cadherin and vimentin in
MCF-7 and MCF-7/Snail cells( x200 )

MACF-TDH0X MICF-TSnail-IEx

4 P-gp # MCF-7/DOX #1 MCF-7/Snail-DOX
A EIRIE( x200)
Fig. 4 Expression of P-gp in MCF-7/DOX
and MCF-7/Snail-DOX cells( x200 )

2.6 Snail 4233 MCF-7 2. MDRI % p38-MAPK ¥ %:%

# MCF-7 40 i h MDRI F1 p38-MAPK mRNA 4y
55 B-actin mRNA ) HLAEAE N 1, MCF-7/DOX 4 i
o MDRI F1 p38-MAPK mRNA f4 A8 % 7K S 43 51 h
5.39.2.29 ,MCF-7/pecDNA-DOX 4fiffirh MDRI Fl p38-
MAPK mRNA [AEXE K- 53008 5.31.2. 23, & Z
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2R TG 245 (P >0.05 ); MCF-7/Snail-DOX
AL MDRI F1 p38-MAPK mRNA (140 X} 7K 43 51 K
9.75.3. 75, % MCF-7/DOX 4 ffi & & Jt & ( P <
0.05 ). MCF-7/DOX ., MCF-7/pcDNA-DOX . MCF-7/
Snail-DOX 3 ZH 4l MDRI .p38-MAPK mRNA [ FH X}
JKF-A8E MCF-7 4034 i 25 55 P <0.01, 181 6 ).

F2 DOX X7 [E MCF-7 4ifaH IC,, &
Tab.2 IC,, values of DOX on different MCF-7 cells

Cell 1C,(py/pg * ml™") RR
MCF-7 0.03 +£0.015 1
MCF-7/DOX 1.02 £0.113" 34.1
MCF-7/pcDNA-DOX 1.01 £0.098 " 33.7
MCF-7/Snail-DOX 3.24 £0.425* % 107.9

*P<0.05, **P<0.01 vs MCF-7; #P <0.05 vs MCF-7/
DOX or MCF-7/pcDNA-DOX

TN X [T, ml' )

B 5 Snail {23 MCF-7 £Ria% DOX K25
Fig. 5 Snail enhanced resistance of MCF-7
cells in response to DOX
4P <0.05 vs MCF-7/DOX or MCF-7/pcDNA-DOX
**P<0.01 vs MCF-7

LY [ SRR TR E Nk
I F _T_ ECF- 10N
WO Dl [ -0

==
T

FNCF-T

mBMA relative level
[

peE-MANK mBERA

MO mBEMA

B 6 Snail {2 MCF-7 #iia$ p38-MAPK
#1 MDR1 mRNA HJFRiE
Fig. 6 Snail enhanced expressions of p38-MAPK
and MDRI mRNA in MCF-7 cells
"P<0.05, ""P<0.01 vs MCF-7;
2P <0.05 vs MCF-7/DOX or MCF-7/pcDNA-DOX

3 3t it

EMT /248 I J 4k 200 b pz 3-8, ARA5 6] 72
JEFRAI R EMT k0 b 2 4 i 3R A T 428 ghif
FoBE 1, SR i IR T A RS B DDA O 2 MDR
A IR A LG — e o 8 24 7 A i 240 1 RD B
Xof A 22 o 8 KA AN () R PSS, AS ] B4 ok e 254
= A i 2, 5 BRSO I B AR

5T 2 W, MDR i B i fEREE EMT 1 & k.
Arumugam 25 R PEMLE (5-FU 4% 3 Fhzy
PRG35 9 i RR i 40 6L, T B 245 A0 f Ak
EMT #f56. M4k, Li 250 BF 5 %W, DOX A4kl i
S IR AN R B & AR P TR EMT, 1% 804 2 40
JEWICHEIME , H R & 2E EMT AO40 A4 22 9 R 28
RS BE ST AYRE IR FI MDR ; H. DOX 45/ MDR £E4
Twist FIEMH L. SR, X &4 T EMT 19 M 40 i
RETS =4 MDR B9800 #iGE

ALY TERE Snail R 2 HA% R IAH K pcDNA,
Ja i e N FLBR R MCF-7 40 e, & B 40 o
E-cadherinZE35 /> .vimentin FE3538 2 i AT
EMT #E725 4k, Larue 25 W98 R, Snail 52 fil &
E AN EMT, 3 i % 44 Snail ik AL siRNA
THeRAA AT 53 00 40 M 3545 EMT A 2 2124 Rk ok
M EMT 1 % A7 B e Snail J5 1 MCF-7 4
JEH DOX 5 T J5 o A7 4 i 3 M S 5, 5 MCF-7/
DOX 4 il A Lt , MCF-7/Snail-DOX 4 1Y) RR i 3
Tt 5 [F) FsF B 928 448 L 2 D' 4G W 21 MCF-7/Snail-DOX
Yl P-gp 1K MCF-7/DOX 4i Jfl 1% £ ; RT-PCR
MEER K FAESE MDRI mRNA Fiht £ . FHE Yy
Snail KR I AU 2558 07 1558 , EMT 2 FL 5 4
MDR & AR R 2

Davies 25 S B 5E 2 1 TGF-B BTG MAPK
1 # S EEMT /9% 4, H MAPK 38 #% 78 1T i P-gp
AT IR 2 25T 250020 PRk, AR 5t A
T 3% pcDNA-Snail #AKHI G MCF-7 4 il p38-
MAPK 355, #5 3 BoR, B2 MCF-7 41 /g, MCF-
7/DOX Fl MCF-7/Snail-DOX 4iififi i p38-MAPK 33k
Y17t , MCF-7/Snail-DOX 41 il H p38-MAPK Tt
Jo A &, 278 DOX I Snail #4755 p38-MAPK
BFEE . BRI, p38-MAPK FIREZS: 5 T MCF-
7/Snail-DOX il P-gp Kk Z IrEr) MDR 4 5i
SR Z (R HL IR A2 2 0, W 7 i — 20 5T
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TERHCSCR R 250 SCFAF BN R IR A IR RMA . IEARRHA S SO 45 % A HRrE & CRIUTE , UIAS TR
VA BUARYEA SChR Ul RN, HUAE 4 B8 SRS h A0 5 UARHA M AN SCEARFIR AN AR LK

COAPEP R T 222 W IR 2 R 2RISR SR AR )R EHA , BN KA B Escherichia coli WA JIRFF B Heliobacter
pylori % o (2 )WL A48 5 4TS I AHA( BRI 3R IB T~ W4E T 475 N5 UEAR ), Bilan ARGt X B R R R 1 MAFS
FMRI JFHE3EH RAFIC ) IR v-raf-1C BL) B3 ps3C BO)AE. (3)FREI M N U R EE4E S 755 TPt 3 A5 BE
AHA I Hind T \BamH 1 \Sal 155 (4 )&FGETH A 455 RAVA, BIANFEARRL n S8 « FEARZE s o K050  F 1050 MER P OAHOG
FEOr 5o (5)FFY RIS B AMAC pH FITEMERSN ), B B2 L0 1) (EIFR AC 5E S) ARFR VBT & m W) ¢ H ) p AH
XF o> M, BRI oy 5. (6 )M IIRIEEH: Jr T 5 BURIESEAHS A, B a2 BE L- AHE D-, 4R L
o- ML p- L trans- I cis-5 . (7 VB EF0R 7R B0 — i el O ARHA . (18 )3 SC i fif T i e S iz T3] 7 b A4c
( AT )

U et al ws . in situ. in vivo . in vitro 55 .



