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Abstract

Abstract

Background and Aims: EGFR activation and PKM2 expression are instrumental in
tumorigenesis. EGFR activation regulates PKM2 functions in a subcellular
compartment-dependent manner and promotes gene transcription and tumor growth.
In addition, PKMZ2 is upregulated in EGFR-induced pathways in glioma malignancies.
However, we found that PKM2 could also regulate the activity of the EGF/EGFR
signaling pathway in gastric cancer cells. We aimed to define the biological
mechanisms for PKM2 in regulating the cell motility and invasion.

Methods: We employed stable transfection with short hairpin RNA to stably silence
the expression of PKM2 in the BGC823, SGC7901 and AGS gastric cancer cell lines.
The effects of PKM2 in vitro were determined by assessing cell migration and
invasion. Immunohistochemical analysis was used to explore the relationship among
PKM2 and other proteins.

Results: Our results indicate that the knockdown of PKM2 decreased the activity of
E-cadherin and enhanced the EGF/EGFR signaling pathway in the gastric cell lines
BGC823 and SGC7901 that were positive for E-cadherin expression. However, in the
undifferentiated gastric carcinoma cell line AGS, which lacks E-cadherin expression,
PKM2 promoted cell migration and invasion. Immunohistochemical analyses showed
that the levels of E-cadherin expression, ERK1/2 phosphorylation, and cytoplasmic
PKM2 expression were correlated with each other.

Conclusion: PKM2 may play different roles in differently differentiated gastric
cancer cell types, and this finding would be consistent with the previous clinical
research. The results of our study reveal an important link between PKM2 and

E-cadherin during EGFR-stimulated gastric cancer cell motility and invasion.

Key words: PKM2 E-cadherin  EGF/EGFR Migration and invasion



H X

B %

. 3 — I
TR evveeerreesrerssersesesssesssesstsesssesss st sssssase e sse s ssesssesanes I
B BT 1
Y P (] ) P 1
1.1.1 PKM2 BIRILIZ IR wememmemememmsmmsmnmenmsnmsmnsmnsenne Lol Sl e 2
1.1.2 PKM2 SFHURIAR I -wmrmemmmmmsmemnmnmnensmsmsme s 3
113 PKM2 E N FBIR RS 5E 94T - 4

1.2 E £5Hi 25 1 (E-CADHERIN) =-rmeemmemmemmememsice s s me e 5
1.2.1 E-cadherin (S5 RITIRE =mnnmrmmmmmen e 5
1.2.2 E-cadherin 5 1R]  «-mmmmmmmmmm e 6

1.3 RIEKE T RAK(EGFR) -p---pftagrosfennmmmmmmmmmmmmmmmnsennnceee e ]
1.3.1 EGFR {45 =-memeemsecseimsameace e e e s 8
1.3.2 EGFR 55 B3I --nrrmemmemmememeameameamesmeaneneme s 8
I e 8
I . i = § A B 8
1.4.2 SEIGFEARIBIR -enemmmmmmmememe oo 9

F e Ay —— 10
2.1 FHRASHEGH M ZR B FEOL -mmmmmmmmmmmmmmmm e 10
2.0.1 BB} wmmmm e 10

F B 11

2.2 FREE MBI BEFAITFT mmmmmmmmmmm e 21
2.2.2 MR} wmmmm e 21
73 B 22
2.3PKM2 Z 55 5B EE PFHEHIBT T =mmmmmmmmmmmmmms e 23
2.3.1 BB} wemmm e 23

IR S 24



H X

PR =R Y Y T NG A Lo E A 3 R —— 25
7 I . SRS E——— 25
VR B S ERE——— 25

R . 27

3.1 7£ BGC823 #1 SGC7901 4iffutk, VIEK PKM2 LA J5 RE (e St 4l g X EGF

RO S ol TR Lo a2 L . 27
310 B e L 27
R 07 Y S 30

3.271EK PKM2 J5 E-CADHERIN Zi& T [%, EGF/EGFR i35 5 i@ PLC-r1 Al

SR PET L - 4. ¥ N S —— 31
3.2, B R e s 31
I8 Y 34

3.3 YIERPKM2 J5 155 T AGS A )iz shit, e B 40 i vh 555 %k PKM2

JETNBEEN AL T B mmmmmmmmme e e 35
3.3, B R e s 35
T T Y S 37

3.4 PKM2 #5E T AGS Zilifi ' EGF/IEGFR T W= S g 103 1 9F BL1E B JE

AR PKM2 FI ERK JE P AH & =mmmmmmmmmmmmmme e e n e 38
B4 B R et e 38
T Y 40

BIE B ERRE ---eeereeneeee oo 41

41 BIEEER D THLRI I FLIAR wmmnemmmmmee e 41

4.2 TRATTHIBIFFT mmmmmmmmmmmmmmmmm e s e e 42

B - T —— 43

R 45
FEILIFRETFE <-nmememmmememememememememememsmsmemenen e 50
L 52



Table of Contents

Table of Contents

Abstract in Chingse =====s=s=sasamememememmm oo I
Abstract in ENglish =====nsmmmmm e e e I
Chapter 1 Introduction -=-=-========semememememeeeeee oo 1
1.1 Pyruvate Kinase M2(PKM2) =-=-=s=mmmmmmmmmmm e 1
1.1.1 Discovery and isoform of PKM2 -=-=-==ssmmmmmmmmmmee oo 1
1.1.2 PKM2 and cancer metabolize ----==-====s=mmnmmmmmmmemmmeceee e 2
1.1.3 PKM2 attend signaling pathway as a transcriptional coactivator =------------ 4

1.2 E-CADHERIN =sessmnmmeme e e 5
1.2.1 Formation and function of E-cadherin =-=-=--=-=-=smsmmcmmmmemmme e 5
1.2.2 E-cadherin and CanCer ===-==-=======ss=m==uu--yfiugg g mmmmommccc e neneee 6

1.3 Epidermal growth factor receptor (EGFR)  =s=sssmmsmmmmmmmme e 7
1.3.1 The structure of EGFR ==-=s=ssssnmmme e e oo 8
1.3.2 EGFR and signaling pathway =-========s=s=smssmsmmmmmmm oo 8

1.4 EXPEriment deSigh ===-==nsmmmmssemm e 8
Chapter 2 Materials and Methods -=-========sssmmmmmmmmmeee oo 10
2.1 Establish stable ceils use BGC823. SGC7901 and AGS Cells = -----=-==-=-=---- 10
2.1.1 MaterialS ==m==nsnsnmsmmmmmn e e e 11
2.1.2 Methodse & o e momm e oo 15

2.2 Function of stable Cells =-=-==nmmnmmmmmmmme e 21
2.2 1 Materials =-=-===sssmnmemmmme e e e e 21
2.2.2 MeINOdS  =-=--=-=mmmmmmm e 22

2.3 The role of PKM2 in signaling pathway ==-=-=-=======ssssmemememmmeeee oo 23
2.3.1 Materials =-=--sssmsmemmmmee oo e 24
2.3.2 Methods ==-=s===smsmmmee e e e 24

2.4 Immunohistochemistry of gastric cancer SpeCimens ----=-=--========mzmusmmmuumn-- 25
2.3.1 MaterialS ==-=-n=nmnmmmememee e e 25
2.3.2 MethOods =-=-=e=eneesemememeeeeeee e e e e e e e e e 25
Chapter 3 Experimental results and Conclusion =--=-=========zszuszuzuxs 27

3.1 Depletion of PKM2 promoted cell migration and invasion in BGC823 and
SGC7901 cells with EGF stimulation = ============ssmsmmmmm e 27

\%


file:///C:/DOCUME~1/ADMINI~1/LOCALS~1/Temp/Rar$DI00.390/论文样本.doc%23_Toc228940382%23_Toc228940382
file:///C:/DOCUME~1/ADMINI~1/LOCALS~1/Temp/Rar$DI00.390/论文样本.doc%23_Toc228940382%23_Toc228940382
file:///C:/DOCUME~1/ADMINI~1/LOCALS~1/Temp/Rar$DI00.390/论文样本.doc%23_Toc228940382%23_Toc228940382
file:///C:/DOCUME~1/ADMINI~1/LOCALS~1/Temp/Rar$DI00.390/论文样本.doc%23_Toc228940382%23_Toc228940382

Table of Contents

3.1.1 Experimental reSults ==-======n=nmmmmmmmmmm oo 27
3.1.2 CONCIUSION =====mmmmmmmmmm e e e e e e e e 30

3.2 Depletion of PKM2 decreased E-cadherin expression and enhanced the activities

of the EGF/EGFR downstream signaling pathways PLC-y1 and ERK1/2 ==-=-=-=--- 31
3.2.1 Experimental reSults  =======s=mmmmmmmmm e oo 31
3.2.2 CONCIUSION =====mmmmmmmm e e e e e e e e e e e 34

3.3 Depletion of PKM2 attenuated the motility of AGS cells and the functional

changes after rescuing PKM2 in gastric cancer cell lines. -=-==-====sanucmmemnmmcannn-s 35
3.3.1 Experimental reSultS — =-====-==mmmmmmmm oo e 35
3.3.2 CONCIUSION =====mmmmmmmmme e e e e e e e e e 37

3.4 PKM2 enhanced the activities of the EGF/EGFR downstream signaling

pathways in AGS cells and was correlated with ERK activity in gastric cancer

SPECIMENS ===mmmmmm e m e e e e o o o e e o o o o e o oo s e e 38
3.4.1 Experimental reSUltS — =-====n=nmmmmmmmm e e e e e 38
3.4.2 CONCIUSION ===mmmmmmmm e o e e oo e o e e oo -40

Chapter 4 Discussion and expetation -=--=-==-==-==ssssmmmmmmmnmnenenees 41
4.1 Research of the molecular mechanisms of gastric cancer metastasis -=-=------- 41
4.2 OUF rESEAICH =-=nmmsmemm oo e o e e e -42
4.3 EXPELAtiON ===n=n=memmmmm e o o oo o o e 43

] (] =] g [ol e R 45

ADDFeVIAtION =--=-==mmm e e o e oo e e e 50

Acknowledgement =--=-=mmsmmm e e e e 52

VI


file:///C:/DOCUME~1/ADMINI~1/LOCALS~1/Temp/Rar$DI00.390/论文样本.doc%23_Toc228940399%23_Toc228940399

1.1 M2 A EHE M ER

PR R R = KBE T R R 2 —, At SRR AR F0 T e il 1) R AN T o i I
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A T P2 T (P ) A2 W I i 4 B s B B — A B, e 5 M A B R s e =X
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R T R 5 il 2 S R A R R AN B s R TR R e e 3 SR A TR AT 4N
M1 YA R R T ik T NI LIA) . IR RS IR e 4Edi i rh s M2 B
T P23 8 i 2 32k B B A LI 41 LA 4 KB 2 4 e 230, PKL, PKR AT PKML
2 AR E DU B A E 7, T PKM2 U AEAE — B A DY S A . 74
R P L BORT R 2R bl R[] 10 255 R G 5 (LB AT 00 28 e AN IR 1) i3 Bl
M1 RS ER B AT M2 BT ER R AN 25 23 NEEER, A2 PKM ZER R4
MRNA R B VI =Y. PKML A& 4MET 9, PKM2 5 42T 10,

V22t 70 32 WA 7E Ao A 2 A A R 2R PKMI2, 72 JFRE Hh AR v 3254 B8
T TR A o R B R S IO L R AR AR ) SRR L HE, XA
FT R A KNS . PKM2 [FI i D A0 ) ROS (19 R, Rl 7E AL
VT R T e e 24 P 79 - PKMI2 FE 5 PR S b IR 4 PR R FRATTR AL T3 A
DRIt PKM2 72 iR &A= e it e o Tt v B SR e R, e BB R R

BOE TR — RO, Lim JY S8 7 —MmRBEFE, Wi 7 368 BiANF 7>
AR FE I B B LSRR AR AT T e GG 2E 40T, BRI PKM2 15 A4k
) B e 2H 23 (R 2R B A T oA I B e A A i ik i, ELTE B 74 e )
AAEI A RT PKM2 A R ARDE, IR Hr 1 60 9] 5 i i 3 e L ORI 55 4
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21 PKM2 mRNA )ik, RIEHL RS HI . Lim JY 588 AE K4y
Ak EN AT B R PKM2 BT DA A — N S Al T K], PKM2 B RIS $2 R — AN
S TR S AR AE IS T, T 33K A A A 7 ] AR B 7% 200 e 1 B B T o

111 M2 MAEERHE (PKM2) MEAIEITR

BRI, PKM2 TERRGNf b R BRIk . 78 KM iR I3 RE L
B A, OP SR, M, FLARE ANV 2 Al B EDTA Pt d, b
oo 8 S R 8 P B P AR R AR B T PKM2 (A7 AER L, 5 L T AR A
[F], PKM2 F 2588 T A2 anfi, Beli 23N 55, RIS IZR & B
R fan, WIRIGAnN, o R gl

1111 M2 BUORFESAES (PKM2) HEA9BYHE

TEMIRE Y O R P AR TE S SRR R PKML (3R B4 514 PKM2
Rk Z 1A AT, PKML A1 PKM2 #5521 PKM ZE [T A mRNA #8848 1)
=9, PKML 2898 7 4MNE F 10, PKM2 2 BS Y4 T 4NE 7 9, A 1A
% 23 MRAER. UL, WIAH PKIM2 JERELE TR 41 i -p 3537 28 A R 1 7 g k2B
HLAI A B4 4y . David CJ 2511 B 7 PKM2 (g B 85 1)l it A%
PL=AN TR RERZ B 1, /2 B2 hnRNPAL, hnRNPA2 Fl £ WEIE 17 51 45 & 2R
PTB, iX =AM [ H/& PKM2 BRI £ BT DIl IR 7, vl i@t 25 & e 4h 7
9 HIMZE Fr 51 M40 L BYY), IR A 27~ 10, 43 PKM2 i) mRNA £k
. 8T siRNA FARVTER hnRNPAL. hnRNPAL 11 PTB Ji&, Fl RT-PCR HiAR K
M F] PKM1 ] mRNA Ri& 1, PKM2 ) mRNA i 1. David 258 & IIX
SMEAZEEFT c-Myc W%, c-Myc T IR A RER RS, AT
PKM2 113k, MATIIH 7o 45 SAEAR KRR FE L ARe T g 40 M tn T 2E 4T PKMIL
F PKM2 (%4, Ay fiyds 4 i i A K AR 2%

1.1.1.2 M2 AR HEs (PKM2) RYIEH

PKM2 £ Z WM AL, i PR DY SR AT SRS PR i — R AT . Y
BTN R Y BB A B AR (PEP) A skl ly, Beffbae ime, Hia
& 5 A BB AR A GBI I A . 2 PKM2 DAY SRR AT AE RS, 3t
B H: 32 BEAEAE T o040 R ZH 23 R0 TR 5 S5 P 200 B v, 0 26 I A D TR BRIER FH T e
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B4, S, PKM2 R AE AT IR, S5Rysimiang i
BdlR (PEP) HIZRAIAK, XAIE RIS — Wi & U RE inAZ IR A 2 S 1R
(& e DA, A AT B (R % PKM2 16 JLAMh 2 (5 AT LA FA A
B, T AN DN TR AR S I R AR VDU R A . DU SRR S R
e dsE T A AR AL A R B IR 2 2 SRt R iR RS 5 AN & L R
RAERIFAE AN EH, TREE L A |, 6- B A (FBP)
Bl IR 2 1 A7 T R ARt
RUERZHE YL 7EMPIRH PKM2 DL RARITE AP AE, (H 2 BATT BT AL,

HATIERA X PKM2 AR R piik . IR 200 R B s mnd ki Iy
RARIE M PKM2 3555 12 AR M KD, FTRVAH o6 PKM2 (7R %
R EFEIE R A BRI — e B fridt— B I

1.1.2 PKM2 S5BhiEHa4 st

1.1.2.1 Warburg 3R

R 2 R A B A I TR BRI L, TR A AR 4 R A R )
H— . WERHREA MM h AT, MRERER AN, el RFER
AR I ERRR o AR R AE A SR, AR 2 8 PR R PR ot S Bl e A
C TG A, JEMTREN =R IIER 58 A i Uik, X — RO R
AR 1 2r TR ATHE AT SR S AT AE A 38(8k 36)ATP. WA FE4M AL T-4H
SRR, TR A Sl — D o0 LR, RN G AR AR . 1 5>
FHRIETPHEB S NN 2 5 PR, RN REBE 2 537 ATP (=0,
AU SR 2 PR P ) — A BB AE 1 0 R B b A SR AL B2 23 TR
AT FE A, T A 22 50 200 O S e 5 7 i A S A B R AU FE A
fERE . XAMEFINLH A R EAIWA T EZLRAAR S B, ARG 1 e 20
3B R 10 R I A6 LA AT TP T S A0k 200 £ o XA UL, BIAEAE SR A AR Y
FAE T W ERAE X — IR itk 20 AR i 4 [E A= 422 5K Otto Warburg & 31,
tHFR A Warburg 2807,

1.1.2.2 PKM2 {ER—HhE L HE
HRR 2 B LR, PKM2 AT fE & Warburg R8N 1R & A= 2 18] )8 A
2% . christofk 2518 F 25 11 20 25 7 V0% ikt PK I DY AN T AL v A M2 L 2 pTyr
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diaEH. Xt FEHBRMMER 1, 6- R R BE(FBP) IR UM P
PKM2 BEIE 1, et SR A E R IAE/E . Histosugi™ & th & B PKM2 /& — il
AR A TS G TR R AL e, LR SRR JE 105(Y 105) 17 s R 5 Jsd 21 44 44t i A= < A
TR I(FGFRIE BRI . XA 7 sURT T PKM2 5 FBP 145 & 1M 41 il 4 Y
R ARTER. ANk, PKM2 Y105 f7 i) 587484k, B PKM2
R A B R IR AL I, 40 i A S B G I ELFLIR A B ek, 15 B Warburg 2%
JRZREEAR, N T 00 A 29 L B
A, SimAE R E S Gt n] DUE PKM2 Bg 2 R VR 8 K AR s A o 491 1,

e A1 pp60v-src 5 PKM2 [ B 4245 & TR A PKM2 — A4 2K 7 A I
ICHERE D), WA RIE R PKM2 TT 78 22 G IRk e I AR B L, %R mR 1L
KT cAMP, FEATHR B KT EGF frif =AY,

1.1.3 PKM2 {EA—HM@mRRAEERSSESES

PKM2 fe 54fiiZz N ) HIF-1a #HEAER, (B8 HIF-1 B B 1 (e it
HIF-1 3£ X (SLC2AL1. LDHA Fll PDK1)[{3iA5 . PKM2 fIX i s 4 Bh 7 AN
AT — P TR B2 . PKMI2 {23 HIF-1 $ESEDR Y, AT 3E T AL
BERR AL BIMEF A A QU I 6 A8 . PKM2 AT tHAE AT HIF-2a A EAEH, {23 HIF-2
G MRS B T AR R SRR M e s A, PKM2 [RIBHBARHE T HIF-1
A HIF-2 S A K K 5 A(VEGFA)IE R 3k, BRIt T a4 i AR 122,
Yang WIS 70 &L EGFR S E AT LA S PKM2 % M RS, IR
B-catenin AT 51 Vi 1) — 16 Jo] J1 2 1 190 6 R B, (3 P8 40 L PO T R % 304 3
PRI R A MAZ N 1 PKM2 2 DL = SRR A7 E, SR 48 A o3 o ) )
HEL R AR AR PTG, R IKH PKM2 21—
VREE AR, T PUSRARE PKM2 T DA i 1) 78 B R Bl R A AR o %
N PKM2 A] DM SR 7 STAT3 BERRAL, X i F% iR g Jeis i = i R (PEP)
TE BRI A . oW STAT3 J5, mifedt 7 MEKS R HHe %, Mgt 7
20 o 1 ST Bk 1 2 T S R R £ T R DR S B 2R 1 R SR
PKM2 1 B B0 #4 5% K 5 Oct-4 KR 5 -4 il , PKM2 BE4S & 7E Oct-4 () DNA
G X, fEHE Oct-4 A LR i 52,

PAE RS20 PKM2 OB FE 48 SR 7E 5 i eg i ARUBAE DG &6 D T, BRI
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PKM2 7] DL AL N2 ARG 51 S AR SRR 5 5, PKM2 FIF FLALET
BB, PKIM2 Ay — i 1 i AN e 3 Ay B s 2 3 (AR AT At — 2P 92308

1.2 E$5¥4%&A (E-CADHERIN)

AN R R ZR AN AL 2 TEE T ARG T NG YT Je B AR F B Z —, 0]
JH IR 1R 2R AN e ¥ i o T HORE VG T T B #A R TR L GRS R AN 58 R TP R
) B4R, 40 b B RGBT 71 B E5RE SR BRI A A 2 — b A 3 4T ] 4
ML, TRV R RIEI IR E-cadherin i 1 L 2 6 2% RE(E 2 iR
122 ML ATy . E-cadherin AR 20 B b PR 55 e 15 i 83 200 B AT #2 A4 15
Tk, ES5ESEBRNIEEN AN . E-cadherin GR35 F ISR
XEEEH, 40 a-catenin, pl20 catenin, IXULEE A MGEE T 41 B A7 B HE 4
M, ZeRT S0 . BF ST E-cadherin A A I 2 BRI 52 AR AH ELAE
41 EGFR.

1.2.1 E $5¥FEH (E-cadherin) MZ5#MTh 8L

E-cadherin & — N4 E 7> 1, 5 ERANMORE TR b )RR, k4
FRAH QA G MR SE B . B B A A R B B R L, RS B
E-cadherin & —Fh XSS, I CDHL JER %%, 75K 135KD, a4
C-om N X m B KB Es B IX & N-Im g AR IX . J A XaEid B-catenin B
y-catenin 55 a-catenin A%, FFiEIT a-catenin Sz, hlalL. HlshE ASHE
B Y R E &4k, {f E-cadherin i€ T 400 48 b, S5AHARANMIE ke e i #
B -catenin #1y -catenin #{/& Wnt JEE& P EEHE ST, WEAERAEZN,
55 TCF/Lef 3N TAHEAE PO, Mg X 4055 5 MMM RS, fe545 8 T4
SRS BT R A AN R Th BT,

1.2.2 E 5% B (E-cadherin) 55hiE

1989 45 Hashimoto 25 & Y & B i 12 2% 1 B 598 41 iy 7 E-cadherin 23 [#4i0,
WE 5 A A RUEHE B,  E-cadherin 8 R IA 5 MBI 20 o] 12281 T
JE B YIRS, $R E-cadherin ik S R A8 e 004 B D OCBEAE I« SR A
ERY E-P5RE A REE &M R LA R R 22 % ae )1, Flae2 H
E-cadherin AN B 1E % 52 A T-40 AR E T2 Rk 2 h g™ T E-cadherin 1t
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2AEMRE P RIE B RE ESR, BIH AT, EEIOVH LT JLRIER.

1.2.2.1 4mFSEE CDH1 EFELZHNKE

— MR 0T TR R v R TR g 5 R AR B R R BT, T K 2 B0 iR
1 E-cadherin {1383 R 2 FAK, AUEHER, —A> CDHL B RIA7 p RALFI 5 A5 14
ERIEYRIE R B A ¢, A B MR AR, AR, ARIE

E-cadherin®,

CDH1 Az A AR LR E IR 4 & 4, 2T FURY]: CDHL 2D A
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