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[ Abstract ] Resistance to antineoplastic drugs is a common problem in cancer treatments. Epithelial-mesenchymal
transition (EMT), which plays an important role in the process of drug resistance, may provide opportunity to solve this prob-
lem. This article reviews the characteristics of EMT, relationship between EMT and drug resistance, mechanism of EMT in
tumor drug resistance in details.

[ Keywords ] Epithelial-mesenchymal transition; Tumor; Drug resistance

This study was supported by the grants from the Key Project from National Natural Science Foundation of China (to
Qinghua ZHOU)(N0.30430300), National Natural Science Foundation of China (to Zhihao WU)(N0.30973384), National
863 Program (to Qinghua ZHOU)(No.2006AAOZA401), National 973 Program (to Qinghua ZHOU)(No.2010CB529405),
Tianjin Medical University Science Foundation (to Linlin Zhang)(No.2012kyq16) and Wujieping Clinical Scientific Research

Yol

ik -

Foundation (to Linlin ZHANG) (N0.320.6750.12248).

T 240 o BT R 24507 A T 24 S BOR Y TR I
LI o SRTT, H RIS 0 oA S S DD 8 396 4 Ff e T
LA RO AR, IR 2447 2 PRI D IR 67 10 O B 2 X
A, T AT R B, IR TR 24 5 I e A i AR b R TR
4k, (epithelial-mesenchymal transition, EMT ) #5445,
EMTLEHU RGP 2 iV 2 Sl 2 e

AR E R ARPIFREA T ATH (No.30430300 ) | [EZK HRFL:
H4r (No0.30973384 ) | [F52“863 T K H ( No. 2006 AAOZA401 ) |
5 “973"F K H ( No. 2010CB529405 ) . Kt FE LK 2R 2 3k
4 (No.2012kyql6 ) . 5 WV B2 % FE 4 25l PR LA % 9T 5% Bl k4
(N0.320.6750.12248 ) Wl

VEHBAAL: 300082 K, K HETIT MRS B 5 Mg R B e =
KT RO T, R ERR 7 AR Be Cokabkabk, Sk, JAus
) RKBERIE R ERERL CRBkatt ) GEIRVER . Rk,
E-mail: zwu2ster@gmail.com; [/, E-mail: zhoughl016@yahoo.com.

cn)

1 EMTHIREL S5435E

EMT 45 | K A A i e 5 7 e A o AT TRl B
TR A= 40230 B2 . EMT 2 GreenbergflIHay ™ 75 19824F
SRR, AT B AR IRAAS b R At 7 e S e e v T B A
DAL, a8 IRl R ANIRE RO IR, RhS ™ % 3
TRZ YAl e ORI . ILPY | B #% R GERTE R AT
T TFEMT, JIaE o™ & B, EMTELS 540 A4 7
HEEUIASE . HETIAY, EM Tt i 1V T i i
AR, PP AN S AL Sul R AR, IR AP BUE R
IR TR L™

A ENAME CEMT B AR E , BZ500F
AL SRk & AZEMT b R 40 At 26 240 i v,
S AR TE « 43 HICHE 51 19 1) J3 240 i 5 (D 4 L 3 1 s 35
Ak : A HEEMTIAAE b e 20 bRk 88 1 anB- 55 25 4 1

00000
www.lungca.org



rp il e s R 20134E 1 A 1655 1)

Chin J Lung Cancer, January 2013, Vol.16, No.1 * 55

(E-cadherin) FIFHE 52K TR, 18]S bRl 1 A
PBIPAEA (Vimentin) | £F4EE 44 (Fibronectin) | #ji42
BEREEE I HF LTS SMASE A B ALY
FroAZEAe: e EMT b B AR ph i IR S o is gl | 3
FERE TSR] T2, A G HE 11 S Ak e ] o e St
AR A A AN S FEARZE FTEMT R 24 245 LA
AR, (AT AR RE T PAT SR AR EM T (1 2445

—4-[5,6]
oy o

2 PREMAREMTIIR

NGB e v 2 K 2 B0% b Rz di v s,
R Mo 4 i & A EMTS5 s 240 Jf 1= 28 55 7% . g 14 i
eI R 255654 T A BB VI R B5E, EMTRZ L
gl R RS e A= =Wa i WS TINS5 W A & il k=2l
FER I SRR, MO Z MR TR e S R
P SR AR RN B A OC RBE VI Ik b e Mgd i S dik e
Az JR AR 1 200 B 2 2 A AR 1 LA R 5 5 P i o7 2 55
b AR A, AT B R AT RS | (2 28 IR A A B S
FEJTRE J7 04[] 5T 20 i 9 T8, 3 2 e O RS A T A
RSB IE R A28 5514, [RIFTEMTS 4i it 28175 148
B I E A I VAR PR B e Db g, X SR R /REM TS
8 152 28 MG 7 1 I BE S DA ¢ Y ik, EMT S
JibdRE T A M R TR . b B HE DI R . kA
EMT I A A A2 A T AR RAE, 1X SEA iR w2 ik
CD44"¢" CD24" 8 CD133 T #. W5 V%, EMTHI
Ik T 24 M TR 15 P el R A A A ) 1 8 4 R A5 3 I
(FIUNTGE-B) , 02 b Bz 40 PT RE 38 1 EM T3 F2 I A
ST, N rIE R, BRIt Z A8, EMT
A IR AN R 22 R o e B S E A

3 EMTSPEMIZS

i IE A0 B 7 A AR A i 24 1) el A R A TR Sk 4
B, AR By ELAG [R50 43 Ak PR 285 140 e 8 4 et 2 B Ry
PEMZI 0 RE s, EMTE R E A A IR i 25— AN 5
=L,

TR g BRI D VAR 465 B A vk SR B
SN 1 a1 N 1) = I N | A O B (T S Lo ot A
W& IZ AN AR )b B AR S B [ E-cadherin 263K R | [T
PR K M Vimentin 2635 FiFL BEIRHFSE " AR A2 R
U S AN AR R B, EMTAH K S Al F-Snail , TwistF i

A, AR 2R O A T A A O R e 1 -2 R
TU-1- 00 4 o B R R 0, S0R S0 ik R R S
220 AR 1) N BT S0 I PS5 2P A% A2 i U 2H /N B
2. MR BRI ST IR K BB 25 2 AR ST 5 3 2L A A A=
EMT, EMTH X4 5 T Twist k1422, H A K AEMT
(A2 A 2RI 2 2R 5 RS RE I IR M 2 25T 24 (multi-
drug resistance, MDR ) BE/\E SN P AL e e TR E NG
FLARBEANMORR" | 5 PO At e A e A MR | I
£ s P o A M " A B i S - Fu PR L R | 235 s | TR i
R IEE R TEMTELR Y,

Ir R 2GR 25 B S EMT G R % V). HETA A
2o A R F 4 S FR VA BN 1i55) (epidermal growth factor
receptor tyrosine kinase inhibitors, EGFR-TKIs) K751t
2L 3 B AU FE T 79 0M Yk 28 735 IR 42 IR T84 il A2 1k
FEFERIMETY 1 %%, SR, I KB 52 & B BR A — 1k
TR B METHE A4 44 Y EGFR-TK Isifi 24 £ 2 Ji g 21
LR S B STRFAE " o T i T 24 0 11 /N2 A
ALKk H460 71 Calu6 | K2 411 b5 &5 2K F1E-cadherin ik
REAR, T8 JE U A I R H292 Y E-cad herin Ui £ 3
FARIA AR R 25 1 IR A Bk H 17, H1730
AS49., HS20 I e AN itn i & I E-cadherin . - K2 21 IR B
> FEpCAM, B 2% 14 AR M claudind flcaludin7 A 36 1A
3 A, T IR e USRI B MR H 322 . H358 , H1648
KRR [ IR I 20 M, 7 AR 2 4 R ]
J AN M bR A A Vimentindf &, TSN R R EE
() B AR ML,

4 EMT7EHUME 25T 25 R R ER AL

Ok BT ST 2, EMT S g 40 M T 24 A7 7 2k
[ £ 5 42 1 A, EMTAH OGS 5% el % 100 806 Ak
RIE 98 240 B 1) 5 A 2ok A DA K e I e 24 Wit 245 7 3ol R v
A BRI A R P . B I 5 0 R R b 4l
TR SRIE 5 542 0 F5PI3K /Akt/GSK-3B/Snail , NF-xB/
Snail/YY1/RKIP/PTEN¥ PI3K/Akt/HIF-la, Notch-2
JNK/ZRAAR | MAPK /LR A A O 3 %48 C wl ik B T 3 ik
EMTYENREA | 35 PUAtise | 35 A e S5 Hu i 25 s 24 1 e
R SRR

FEEMTAH OGS 5 8 B PV E R R, EMTAH G, 5%
K7 (Zebl, Slug) TEATL IR 25T 245 Fpofe SC BRI,
PRI EM TR S5 5% 73 v, B ok 45 1 Ui X 1 A
73, A LA TR 25 240 M 1) B AR IR A, S BRR S X Bt g i

00000
www.lungca.org



.56

o [ iR 2 i 20134E 1 A 16 5 100

Chin J Lung Cancer, January 2013, Vol.16, No.1

IT BRBURAME o WIFSE R, EMT AH Sk 53¢ K7 Zeb 1 AT L 1
YRS A0 H 2 SRR /R P E- cad herin 2 2441 {6 24 fify
[Blifl, HA 2 L mEA I FIMS -2 7S U BE A il X Fh 4V i
HEIME-cadherinZ ik, {1 [i] JBrfb AN 25 4K 52 Kz 4
FRAE, AT 25 A EMTAR S, I e 7 5k
Fre | 7 P2 A DG PRI B0 S RRESE Y eAh,
EMTHH O, s [ F-SlugfE 75 AE 2 SRAS PR 25 i A s
AR F TN, $E10] RH R Slug 2 3K BE 70 4% i 245 41 B AR 1) 1]
JRACHFAE , V2 Tt 24 240 i v 545 11 B iU

Jib 9 20 i MDR 3 B Fh i AR A EMT I & 2B, R 3R
IR P-gp 1Y 22 24 Tt 245 b 96 20 B i R B0 B iR 1 R 2% L % 7%
E /1Y BFST R B, PI3K/Akt, MAPKSE (%21 P4 1%
HHE EJEP-gpiy ik, IS HEUMRMDRAY & Y i
PI3K/Akt, MAPKEE {55 i fif S EMT ) it b 8 22 (1) I 4
WAL S B EMT AIMDR [ % A= b Fi AL 7] (15
T HEAE PR R AL TR AT RE AL B A ERT . ek, BF5E
KUP-gp i L) MAEMDR I i 8 2 A ATPES &
REEE i 2 EM T GG S R F-Snail | Twist 4%,
TSR HE— A TEMT 5 MDR 2 [a] A] 68 47 78 S ] it 3%
PRI

S EEERE

25 TR, EMT L g 4 i i 24 b i VR A i ot
JiIeq 25 25 (e AR AL T R R, AR AE T 2R 2 Ak
IR figt P ) L, 081 a0 A2 e 98 2 4B A R EMIT A6
TR IR A EMT T 25 0 2 b L =
IS B R 523t | LAEM TS 230 B8V 0 s 50 i i 2
LTI R RE A RE 15 B B M IAY T ROR S, I, DIEMT
ST A5 WA e 88 (4T 245 3 4776 ) e B BIF 9 2 )R
I FH R 5o

2 % XM

1 Singh A, Settleman J. EMT, cancer stem cells and drug resistance: an
emerging axis of evil in the war on cancer. Oncogene, 2010, 29(34):
4741-4751.

2 Greenburg G, Hay ED. Epithelia suspended in collagen gels can lose
polarity and express characteristics of migrating mesenchymal cells. J
Cell Biol, 1982, 95(1): 333-339.

3 Boyer B, Valles AM, Edme N. Induction and regulation of epithelial-
mesenchymal transitions. Biochem Pharmacol, 2000, 60(8): 1091-1099.

4 Thiery JP. Epithelial-mesenchymal transition in tumor progression.

Nature Rev Cancer, 2002, 2: 442-454.

S

10

11

12

13

14

15

16

17

18

19

20

Acloque H, Thiery JP, Nieto MA. The physiology and pathology of the
EMT. Meeting on the epithelial-mesenchymal transition. EMBO Rep,
2008, 9(4): 322-326.

Chang JY, Wright JM, Svoboda KK. Signal transduction pathways
involved in epithelial-mesenchymal transition in oral cancer compared
with other cancers. Cells Tissues Organs, 2007, 185(1-3): 40-47.
Micalizzi DS, Ford HL. Epithelial-mesenchymal transition in
development and cancer. Future Oncol, 2009, 5(8): 1129-1143.

Kalluri R, Weinberg RA. The basics of epithelial-mesenchymal transition.
J Clin Invest, 2009, 119(6): 1420-1428.

Peacock CD, Watkins DN. Cancer stem cells and the ontogen of lung
cancer. ] Clin Oncol, 2008, 26(17): 2883-2889.

Al-Hajj M, Wicha MS, Benito-Hernandez A, et al. Prospective
indentification of tumorigenic breast cancer cells. Proc Natl Acad Sci
USA, 2003, 100(11): 3983-3988.

Yang AD, Fan F, Camp ER, et al. Chronic oxaliplatin resistance induces
epithelial-to-mesenchymal transition in colorectal cancer cell lines. Clin
Cancer Res, 2006, 12(14 Pt 1): 4147-4153.

Kajiyama H, Shibata K, Terauchi M, et al. Chemoresistance to paclitaxel
induces epithelial-mesenchymal transition and enhances metastatic
potential for epithelial ovarian carcinoma cells. Int ] Oncol, 2007, 31(2):
277-283.

Li QQ, Xu JD, Wang WJ, et al. Twistl mediated adriamycin induced
epithelial-mesenchymal transition relates to multidrug resistance and
invasive potential in breastcancer cells. Clin Cancer Res, 2009, 15(8):
2657-2665.

Hiscox S, Jiang WG, Obermeier K, et al. Tamoxifen resistance in MCF7
cells promotes EMT-like behaviour and involves modulation of beta
-catenin phosphorylation. Int J Cancer, 2006, 118(2): 290-301.

Shah AN, Summy JM, Zhang J, et al. Development and characterization
of gemcitabine-resistant pancreatic tumor cells. Ann Surg Oncol, 2007,
14(12): 3629-3637.

Arumugam T, Ramachandran V, Fournier KF, et al. Epithelial to
mesenchymal transition contributes to drug resistance in pancreatic
cancer. Cancer Res, 2009, 69 (14): 5820-5828.

Zhang W, Feng M, Zheng G, et al. Chemoresistance to S-fluorouracil
induces epithelial-mesenchymal transition via up-regulation of Snail in
MCEF7 human breast cancer cells. Biochem Biophys Res Commun, 2012,
417(2): 679-685.

Hoshino H, Miyoshi N, Nagai K, et al. Epithelial-mesenchymal transition
with expression of SNAIl-induced chemoresistance in colorectal cancer.
Biochem Biophys Res Commun, 2009, 390(3): 1061-1065.

Chung JH, Rho JK, Xu X, et al. Clinical and molecular evidences of
epithelial to mesenchymal transition in acquired resistance to EGFR-
TKIs. Lung Cancer, 2011, 73(2): 176-182.

Yauch RL, Januario T, Eberhard DA, et al. Epithelial versus mesenchymal
phenotyoe determines in vitro sensitivity and predicts clinical activity
of erlotinib in lung cancer patients. Clin Cancer Res, 2005, 11(24 Pt 1):
8686-8698.

00000
www.lungca.org



rp il e s R 20134E 1 A 1655 1)

Chin J Lung Cancer, January 2013, Vol.16, No.1

e 57

21

22

23

24

25

26

27

28

29

30

Suda K, Tomizawa K, Fujii M, et al. Epithelial to mesenchymal transition
in an epidermal growth factor receptor-mutant lung cancer cell line with
acquired resistance to erlotinib. ] Thorac Oncol, 2011, 6(7): 1152-1161.
Rho JK, Choi Y], Lee JK, et al. Epithelial to mesenchymal transition
derived from repeated exposure to gefitinib determines the sensitivity
to EGFR inhibitors in A549, a non-small cell lung cancer cell line. Lung
Cancer, 2009, 63(2): 219-226.

Witta SE, Gemmill RM, Hirsch FR, et al. Restoring E-cadherin
expression increases sensitivity to epidermal growth factor receptor
inhibitors in lung cancer cell lines. Cancer Res, 2006, 66(2): 944-950.
Frederick B, Helfrich B, Coldern C, et al. Epithelial to mesenchymal
transition predicts gefitinib resistance in cell lines of head and neck
squamous cell carcinoma and non-small lung carcinoma. Mol Cancer
Ther, 2007, 6(6): 1683-1691.

Thomson S, Buck E, Petti F, et al. Epithelial to mesenchymal transition is
a dertminant of sensitivity of non-small-cell lung carcinoma cell lines and
xenografts to epidermal growth factor receptor inhibition. Cancer Res,
2005, 65(20): 9455-9462.

Maseki S, Ijichi K, Tanaka H, et al. Acquisition of EMT phenotype in the
gefitinib-resistant cells of a head and neck squamous cell carcinoma cell
line through Akt/GSK-3p/snail signalling pathway. Br J Cancer, 2012,
106(6): 1196-1204.

Bonavida B, Baritaki S. The novel role of Yin Yang 1 in the regulation of
epithelial to mesenchymal transition in cancer via the dysregulated NF-
kB/Snail/YY1/RKIP/PTEN Circuitry. Crit Rev Oncog, 2011, 16(3-4):
211-226.

Jiao M, Nan KJ. Activation of PI3 kinase/Akt/HIF-la pathway
contributes to hypoxia-induced epithelial-mesenchymal transition and
chemoresistance in hepatocellular carcinoma. Int ] Oncol, 2012, 40(2):
461-468.

Giingor C, Zander H, Effenberger KE, et al. Notch signaling activated
by replication stress-induced expression of midkine drives epithelial-
mesenchymal transition and chemoresistance in pancreatic cancer.
Cancer Res, 2011, 71(14): 5009-5019.

Zhuo W, Wang Y, Zhuo X, et al. Knockdown of Snail, a novel zinc finger
transcription factor, via RNA interference increases A549 cell sensitivity

to cisplatin via JNK/mitochondrial pathway. Lung Cancer, 2008, 62(1):

31

32

33

34

3S

36

37

38

39

40

8-14.
Zhuo WL, Wang Y, Zhuo XL, et al. Short interfering RNA directed
against TWIST, a novel zinc finger transcription factor, increases A549
cell sensitivity to cisplatin via MAPK/mitochondrial pathway. Biochem
Biophys Res Commun, 2008, 369(4): 1098-1102.
Chang TH, Tsai MF, SuKY, et al. Slug confers resistance to the epidermal
growth factor receptor tyrosine kinase inhibitor. Am J Respir Crit Care
Med, 2011, 183(8): 1071-1079.
Li L, Jiang AC, Dong P, et al. MDR1/P-gp and VEGF synergistically
enhance the invasion of Hep-2 cells with multidrug resistance induced by
taxol. Ann Surg Oncol, 2009, 16(S5): 1421-1428.
Han Z, Hong L, Han Y, et al. Phospho-Akt mediates multidrug resistance
of gastric cancer cells through regulation of P-gp, Bcl-2 and Bax. ] Exp
Clin Cancer Res, 2007, 26(2): 261-268.
Yan W, Fu Y, Tian D, et al. PI3 kinase/Akt signaling mediates epithelial-
mesenchymal transition in hypoxic hepatocellular carcinoma cells.
Biochem Biophys Res Commun, 2009, 382(3): 631-636.
Davies M, Robinson M, Smith E, et al. Induction of an epithelial to
mesenchymal transition in human immortal and malignant keratinocytes
by TGEF-betal involves MAPK, Smad and AP-1 signalling pathways. J
Cell Biochem, 2005, 95(5): 918-931.
Zhu H, Chen XP, Luo SF, et al. The role of extracellular signalregulated
kinase/mitogen-activated protein kinase pathway in multidrug resistance
of hepatocellular carcinoma. Chin J Surg, 2007, 45(13): 917-920.
LiW, Liu C, Tang Y, et al. Overexpression of Snail accelerates adriamycin
induction of multidrug resistance in breast cancer cells. Asian Pac ]
Cancer Prev, 2011, 12(10): 2575-2580.
Zhu K, Chen L, Han X, et al. Short hairpin RNA targeting Twistl
suppresses cell proliferation and improves chemosensitivity to cisplatin
in HeLa human cervical cancer cells. Oncol Rep, 2012, 27(4): 1027-1034.
Saxena M, Stephens MA, Pathak H, et al. Transcription factors that
mediate epithelial-mesenchymal transition lead to multidrug resistance
by upregulating ABC transporters. Cell Death Dis, 2011, 7(2): e179.
(fiefi: 2012-11-12 f&[0]; 2012-12-16)
(AR THD

00000
www.lungca.org





