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[BE] E5588 CAHMUEERM: FRATFAR (epithelial-mesenchymal transition, EMT ) Je&={E /NIl i fili
PRI A EEL R, ZRRSE MR A . S 22505 (LS ( mitogen activated protein
kinase, MAPK ) 15 5 i 255 1b A= K A F ( transforming growth factor B, TGFB ) i5FEMT R A YL 551F . AWHFT LA
AR/ NIRRT A0 R AS49 N RERY, XA EEALEE (enolase-1, ENOL ) sZMAIANAIEM T RE R 5 WL HEA T 1R B0F5

FiE N RRE R FIKENOLRYAS494 i, IR SEI0 A 4 i is 2l B J1 5 I Western bloth AR AN EMT i #2AH G 43
TAREW AL W TGER-155 S I A M ENO LI XX EMT IS0 5 il b AE KB (epidermal growth fac-
tor, EGF ) 535250 FllWestern blotKill ENO 11 ik 5 LM SM55-1# 15 8 ( extracellular signal regulated protein kinase,
ERK) BERRALIIEUE . 455 ENOLIFRIKIMHIASAOUM MM [ iTHHE ST . ENOLIEFRIKIL 251 b A AR 5 E-cad-
heringeik B9, [RII ] BAEAR 5 N -cadherin I VimentinFeih [ ; TGEB-195 T S0 WL UESE T ENO LY EMTHERL (1941
HilfFET . EGEIG L9258 B /RENO LY ERKBE B AL A T] . 518 1e-l/ NRUIE AT, ENOLEAT I 4 REMT
PIVERT,  ELAR AT AR @A I MAPIH % 52 B .
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[ Abstract ] Background and objective It has been proven that epithelial-mesenchymal transition (EMT) is a criti-
cal process which is precisely regulated by multiple signaling pathways during the progression and metastasis of non-small cell
lung cancer (NSCLC). Canonical MAPK signaling is essential to transforming growth factor p (TGFp)-induced EMT. Using
the NSCLC cell line AS49 as a model, the aim of this study is to explore the molecular mechanism of ENO1 affecting EMT.
Methods We established an A549 strain stably overexpressing ENO1. Cell mobility was measured by the wound-healing assay.
EMT-related molecular alterations were detected by Western blot analysis. The effect of ENO1 on EMT was also detected by
TGEFp-1-inducing assay. EGF-stimulating assay was performed to illustrate ERK1/2 phosphorylation changes resulting from
ENOI overexpression. Results Overexpressed ENO1 inhibited the mobility of AS49 (P<0.05), as well as the expression of the
mesenchymal markers N-cadherin and vimentin, but upregulated the epithelial marker E-cadherin. TGFf-inducing assay also
showed that the negative effect of ENO1 on EMT. ERK1/2 phosphorylation was also obviously suppressed by ENOLI in the
EGF-stimulating assay. Conclusion In NSCLC cells, ENO1 overexpression can inhibit EMT in vitro by suppressing ERK1/2
phosphorylation.
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e CAUDEPEME AR ) B BT geitCIgoR, i
PO A a5 IAE 2 1 - AR/ ( non-small
cell lung cancer, NSCLC ) EELRIET F AL, FIRHE
SRR ey BRI, /NER ST A 2 il i EMT RS
JRETHEANMARIEAS . 2k 22 Ja aDRG B T 4R 1532 S RE 1 140,
TEGX TR b, X0 ) SR 40 i e 25 2K B4 R 2 1

(E-cadherin ) | MPRIREFAE 1 ( Desmoplakin ) 155 %5 1% 4
#H I (zonula occluden, ZO-1) 25 b MR R A T
TARAS (B R AR AR S UIN-F5 RS 8 1 ( N-cadherin ) FIJ
JEFE M (Vimentin ) , PEFEEFICHE S T Twist . Snail fll
Slugft) ik FiRS, EMTRALE — RIVKEANE A 2214k,
ZE SIS o, 3R AR w5 5o #%
TGFR{5 5 iH [ . Notchfi 5} . Hedgehogfi i I# .
s N Tk UL T e it ( phosphatidyl inositol 3-kinase, PI3K) &
Sampg . R SEET (nuclear factor-«xB, NF«B ) {5510
FEFNERKAS 530 555 ; A, A ZFmicroRNAS 5 iX
—3IFRAAYE, WmiR-155 . miR-200F1miR-20557),

R T, RSSO AL e D oA
SRS R, AR & L& AR EMT A g 4 i 1A
SR RCEERERE . IR H., JEUR KRR IR A EMT
W PUR A B MIRIR UG o — I X EMTAH G, ¢
F-Slug MG RAFFE I R B, Filides 41 20 Him RN A K - i
L, EEIIAREE R LA, A

AHELFIE R A Z, W 2Ll 7 A EA 0 T
Wit R i, I EUME G RG2E I6 1 Fn 3R K /K-
A rdtEr, BlWarburg®lhi 2, KIS 2058 K B, B
P fpt st FEAH S B2 AN & BEP S ( hexokinase-2, HK-2 ) |
R AN (lactate dehydrogenase-A, LDH-A) . HihEE
-3-BEmR I Z U ( glyceraldehyde-phosphate dehydrogenase,
GAPDH ) HIENO1, SZPr B A AR MG PELE N 1Y
ZIRE 0, GRASENO LA mRNA R DL i 36 % 14 F
VR, Tk —ME SR MycR B FAEEE L (c-Myc
promoter binding protein-1, MBP-1) U4, ZFjEHE R 7E
FUBEDS . NSCLCl | N #E G AP AT D7 | iy
B R R 22 B SR oI, ENO1HIMBP-1# 5 5 T
i et B o 7E N FLIR I 4R M CE-7+H i %1 AMBP-1,
AT LA A A R 2R RE 1S, fEB B, ENOIFIMBP-1
A LLE R A5 5 ( cyclooxygenase-2, COX-2 ) ik

T A EMT AR, AT 6 240 e {2 28 R % e 20
HAT, ENOUXTIEANMEMT RS, BEAT WA ik

AW B AEHH/RENO1IXFNSCLCAI il 2 AS49FEMT
AR, N HIEAER P

1 MR57A%

1.1 BpA RN 2848 B ENO 15 [R ) o [ RN B A% 3 3k oL
IR LA IR cDNASCEAE MR, FIFHLATaqR &
fiff ( Takara, HA ) wlEEARENOILK; HFMWEE
pcDNA™3.1/myc-His(-)AZK & (Invitrogen, E[E ) H. Ffl
J&, FIHPCRGIA SRS ik, ¥ B A RIEN O 157594 711
97 Z FE R XTI A - ATGR AL A CTG, RAEMENOIm
[ FERA 2 T pc DNA™3.1 /myc-His(-) AR A . B By
G AE A T AR T AR Wl 58 Rl

1.2 MR SR . BB BIAR A4 sE dt ANSCLCH
i FRAS49 (ATCC, EHE) , £ A 10%M0 4 M5 1
RPMI-1640 ( Invitrogen, K[ ) EaIEFHPET
§%CO, . 37 “CHAF T HEFR . ARG k2] 90%m} 7
TR e YL ﬁfH?{LipofectamineTMZOOO (Invitrogen, ES
FED) P2 Ul B . UL BRi24 hig, B A Ak
41600 pg/mL G418 58 45 FEHE P I T e, I 4Edrik
BEIET1, MIRISAEE i RIKENOI AN RE , sl
AS49-ENO1. Xt HRZE Y2 #T0R, fir 44 HAS49-Ctrl.
1.3 WPYRSEE ARG kB 100%0), fEH SR ML
BIoj R0 =R o BEIR AR 5% R e R L PR AT B
Moo MA 2964 L% FURPMI-164015 753, F37 °C.
S%CO,ZAMF TSR, HEHE HEROR, JRAMICS. b
Ji, BER24 WA 29 16 A I A R SR I A IR SR
1.4 TGFB-135'5 b Rz [ B4 S5 Y 4 i fil 5 B2 7E909%
BF, WRREFRIL, IR SRR AR v e . A& T
Mg FEIR24 WE, W48 & W% TGFB-1 (R&D, 3
) 4bPH24h, FHAAHRICE.

1.5 EGFRINASCES M40 MRl A AL S0%-70%H , WS B3
5, FHIBERRERZE v e . AN T LI B R Lk 4
WG, JIMAZHRE }20 ng/mLE/‘JEGF ( Cell Signal, EEH)
AL he

1.6 ZH B AR BUMWestern blotZ3 M DIiE & A
1967 F LR LS ( PMSE ) | 1962 [ B 1 551 11 196 B 7R
it 400 5 0] A RIPAZE (24 f i (I3, hE ) 2 e
MEEE . KABCA Protein Assay Kit ( Thermo, F[H)
HEATEE 18 &8 )5 F T Western blots3#7. I EEEHTiR K&
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FiBst: ENO1 (1:1,500, B4EW, ) . ERK1/2
(1:2,000, Santa Cruz, F[H ) . p-ERK1/2 (1:1,000,
Santa Cruz, £[E) . p-MEK1/2 (1:1,000, Cell Signal,
2 [E ) . E-cadherin ( 1:1,000, Santa Cruz, E[E ) .
N-cadherin (1:1,000, BD, 2£[& ) | Vimentin ( 1:500,
Santa Cruz, EHE) %uﬁ—actin (1:5,000, Santa Cruz, *
) o

L7 GEites ot A MR R 52 6 25 2R KR i Image] 2X
( National Institutes of Health ) A4, SPSS Statistics
1703 TP IR REARG I, P<0.0S K22 A7 Geit 0

2.1 fikRaE i FIKENOLIAS49AN I W4 0 ik I (1
AS49-ENO1FIXS BEAS49-Ctrl s B 11, {7 Western blotk:
Mo 25K BN, HETFXEELL, AS49-ENO1ENO1#
R (KL .

2.2 I FRIKXENOLUIHI 4z ) K24 h. 48 hifll
72 hJ5, AS49-ENOIRIRALA A 1 19.6% . 38.4%F
63.4%, KT XF BEZH AS49-Ctrlf134.5% . 60.19%41185.9%
(P<0.05) , FRHHENO1FIEMAS49H Hfil 1] 12 2 fig
JIE NRE (E2A) .

2.3 JFFRIBENOUINHIEMT S A2 AL T X HRLL, AS49-
ENO 140 b Bz AE A AR W E-cadherin 2 1A B i I
Tt TSR A PR 25 PIN-cadherin Al Vimentin 4 2235 B
(K2B) . TGFR-1IEFEMTEREE R BN, BREE
FTGEB-1 (2 ng/mL ) AbFE24 hA REfHAS49-ENO 1A
W B Z 0 AT AEAE AR s X HR AT AS49-CelAE fIHk
TGFp-1 (0.5 ng/mL ) kb#H24 b B H B4R £ 1 i £F e
i (K2C) o SR ULHENO 1id ik o] LI TGEB-1
5 T AS49AH I (I EMT 35 A5 7 AR 30

2.4 ENOUIHIERKEEFRIL #H LT AS49-Ctrl, AS49-ENOL
IR L ERK L /27K F-BH B R R (EI3A) o 4 I i
Plk4 him, FZUWIEN20 ng/mLAYEGF[R L FEL b5
KIL, AS49-ENO 141 M 8 AR Ak A ERK 1 /2 W] AR T XoF
HREH, TMEKL/ 20 BERR AL JL-F- A 32520 ([813B) .
I, FATHEMENO AT LI 1 I ERK 1 /2 A i R A1 S 3
Tl AS49ZH M EMT .

2.5 2 KENO1A LIHEMT B4 TIENO Iwt7E 4594
974 2 FEFR HE FE X N 1) B T IRATG, & s A8 #Y
ENOIm7EXS M B HCTG (K4A) o KEFERENOT

& 1 Western blot% & SMNREIEENOTEE FEAS49 A iR AT IE KA
Fig 1 The over-expression of exogenous ENO1 was examined by
Western blot

FRASRIENO IR ZS B BTRL 43 B R I e L AS49 2 ifl48 b5
RG240 A A DG 2R (K2R 1R, R BIMBP- 1A A
BT R, JF LS BIENO LR A FA R4 0[] 55 A= 1
ENOULFIE4AMlF (FE4B) . XKML KENOIEH AT
PABHASFEMT I FE

3 1t

ARSI 2 ) B R 1 B 2 A9 A ZR ST T s A
O3 R VB, e T ENOLTE N B
fif AR SCER AR I FLRIN 2 AENSCLC B3 LI H X% i
HHMAIM T, ENOUEFAAFRAW B 25, Hik, &
fIIHEMENO1 7] REIRINSCLCIN & J LA H V1B R Y, A
SZEG W XFENO17ENSCLCHH I (I EMT 1 R HP (1) A 2%
DIREAT THIEAHE

AU FRAEAS49 U ML R N FaE 1L FRIBENO1, &
IEMT A ¢ 40 F b 75 4 04 el 28 F B0 I ERK 1/ 2 85 iR
RS, H FEAS49N LAY IZ ShRE S T . Xt H
FaCH RININITGER- 1A BE R 4N, oA & B it ik
ENO1& 5| A AS49 4 il T 745 o 4 3 F b B2 A 40 i 1
ARAk, T BE 4 20 B 2 M 5L B M T R 40 ) #R
TERHE . M se g, FATHE T ENO 13l o 41 i
ERK1 /28R H EMT B 5 . Bl 5 I TGFR-1175
SEMTS25 FMIEGE R ERK L /215 AL H 5256, H3ESL
T XA

TEREEEf L AR T AR Z B2 Z DRt A )
ENOIFEA[R L A Hp ARl A AR BRI EDIR S T,
FIRLEANIR] A A0 M E (73 REAS TR AR T BB
Hsu %2015 S A% H A EN O 1/MBP-1 0] LU g %% 5 [N
TREARCOX-21 55 s K, 1l B i 4 ML EMT . X
ENOI17ENSCLCHHIHIEMT A FIATS SR B it BT 48 .
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2 ENO1XTAS49MAIZHNFNEMTRIMMFI(ERA . A XIIRKEL ( EXIR/F 5824 h, 48 hfA72 hiE W, T RIZENOTRIASAIMBEXIR Ik S s NIRRT (*t
I8, P<0.05) . ERHMLITRTLIREEMEIT0 hITHIREELL, #ALIRRRAE B Western blotZR 2R, 183 FA549-Ctrl, A549-ENOTZRAEH,
E-cadherinXiXxFAEZ /N, N-cadherinflVimentinZRixEREMEK  C: BETGFB-1IFFEMTEL : {EFIZ (0.5 ng/mL) 23 A549-CtrIZHHEEN AT HIL A £ 8]
R, TAS49-ENOTAMEBEZEREFIZE (2 ng/mL) LB §EHI—E B =18 R,

Fig 2 ENO1 inhibits A549 cell mobility and EMT process. A: Wound-healing assay: a continuous observation showed that over-expression of ENO1
resulted in limitation of A549 mobility (*t-test, P<0.05). In the chart, Y-axis represents the relative wound width and X-axis represents time period; B:
Western blot assay: compared to A549-Ctrl, E-cadherin up-regulated in A549-ENO1, with down-regulation of N-cadherin and Vimentin; C: gradient
dose of TGFB-1 inducing EMT: quantity of mesenchymal-like cells were obtained in A549-Ctrl population after low dose (0.5 ng/mL) of TGF(3-1
inducing. Relative lower ratio of mesenchymal-like cells formed in A549-ENO1 population after high dose (2 ng/mL) of TGF3-1 treatment.

3 ENOTMIHIAS494RMIERKT/ 2R B ER 1L . A : BIXTRRZEFHELAS49-ENOTA AR ERKT /2B ER 1L K FRA 2 52FR ; B : 20 ng/mLAJEGFAL B4R AR, A549-ENO1HY
ERK1/28E B2 1L /K FA 24 A AR TR FRZA 40 AR, MIMEK1/2BEER1LiE (L LR 70,

Fig 3 ENO1 suppresses ERK1/2 phosphorylation in A549. Western blot result showed: A: Compared to A549-Ctrl group, ERK1/2 phosphorylation
was inhibited by ENO1 over-expression; B: ERK1/2 phosphorylation level of A549-ENO1 was still lower than that of control group after EGF

treatment, whereas MEK1/2 phosphorylation was almost not affected by ENO1 over-expression.
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B 4 FERMSRETENOTEFEREER, A FFILEX ZBMENOIRERTF
EHmPATG—CTG: B: Western blot#e il 2 R A il Rk BFERIFIR T
ZIENO1XJE-cadherin. N-cadherin, p-ERK1/2Z 1L &N 2B IAAY.

Fig 4 Wild type and point mutant ENO1 have the same effect.
A: Sequence comparison: two point mutation ATG->CTG existed
in mutant ENO1; B: Western blot assay: highly similar effect on
E-cadherin, N-cadherin and p-ERK1/2 appeared after transient over-
expression of wild type and mutant ENO1 in A549.
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