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Promotion of pyruvate kinase M2 on cell invasion in liver cancer cell
Dong Tianfu,Chai Hao,Chen Shenglin, Xiong Xinkui, Sun Daoyi, Cheng Feng*
(Liver Transplantation Center ,the First Affiliated Hospital of NJMU , Nanjing 210029 ,China)

[Abstract] Objective:To investigate the role of pyruvate kinase M2 (PKM2) on the invasion of liver cancer cell in wvitro.
Methods: We compared mRNA and protein expressions of PKM2 in hepatocellular carcinoma (HCC) tissues and adjacent normal
tissues by real-time PCR and immunohistochemistry. Interfered and overexpressed PKM2 cell lines of HepG2 were constructed to
analyze the role of PKM2 on invasion of liver cancer cells. Real-time PCR, immunochistochemistry and Western blot were performed to
investigate the expression of HIF-la and the phosphorylation of STAT3 in HepG2 cells. Results;The mRNA expressions of PKM2
and HIF-1a in the HCC tissues (106/115) were higher than those in adjacent normal tissues. Sample immunohistochemistry showed
that the expressions of PKM2 and HIF-la in HCC tissues were higher than those in adjacent normal tissues. In vitro experiment,
interference of PKM2 inhibited the invasion of HepG2 liver cancer cell,and overexpression of PKM2 promoted the invasion of HepG2.
The overexpression of PKM2 promoted the phosphorylation of signal transducer and activator of transcription 3 (STAT3) and
upregulated the expression of HIF-la. Conclusion: PKM2 upregulates the expression of HIF-law and promotes liver cancer cell
invasion by promoting the phosphorylation of STAT3 and may represent a novel strategy for therapy of HCC.
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PR R HIF-1oc 5042 A R4 1. IR i
BRE R EDVIFOCN . SR PKM2/HIF-1o 7T
HHAE A TR RIRAIGY . ASBFFE L R D i
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DMEM $5 57 2 JBREL F G 6 28 13 (FBS) |75
5575 % (Gibeo /2 F], 2 [H) , TRIzol (Invitrogen 23 /),
FKM),DMSO (i T AEY TRABRAF ), Tran-
swell /N2 (Millipore 23 A , JE[E ) , Matrigel (BD A F] ,
FE), 5196 W (7 Invitrogen 23 H] ) ,RNA 18 4%
KA &  SYBR® Premix Extaq™ (TaKaRa /A H], H
A, EARBUAF & BCA HE A2 H & (R
HLIEE A H] ), Bt PKM2 4T HIF-1a $L44K (Santa Cruz
Biotechnology /A F] , 3% [E) , $it STAT3/p-STAT3 Hi{A
(Cell Signal Technology 7~ H], 32 [H ), $iT GAPDH $t
(R A TRATRA ),

293T HepG2 4tk Hy TLAE T A4 RS Al o o

Sty ARt

HABRATE R o R R4 — B s R B i
2011 4 1 H~2013 4 7 A FHEFARUIBRE 115
YIRS BWRAS T bR AR (1) BEAS S 24)58
it HE e i BEAE BN , bRyl i il A AR AE , 55
U153 AN B r o R RN A — M B B e e
P RS IFE.
12 F#%
1.2.1 293T #= HepG2 #mitLtd 355

293T FAZEHE 4 Mtk HepG2 ¥ i T A= &R9%
N2 N N i S O S I (RS =
37°C, % 5%CO, B Muss T4 h AT 3G 9%, B A
AT 10%1 FBS 50 U/ml 1475 4% 75 2 AL 1Y
DMEM,,
122 PKM2 B -F#HA T R X FHFAeh M2

MAZEHFIE cDNA SCEHRE] PKM2 (1T
HE (GenBank :NM_001206796.1) ,PKM2 & [X %
Hpa 1 Fl Xho 1 W53 [% % pLV-GFP (Vectorl, Fg iU
R R R 2E 5 — B BB A B ), R4 pLV-
GFP-PKM2 ki, FIHH Invitrogen MRS PKM2 f
shRNA J£51 , JF 510K . PKM2-shRNA1 ; Forward ; 5'-
AACGCTGTGGCTCTAGACACTAAACTCGAGTTTA -
GTGTCTAGAGCCACAGCTTTTTC-3' ,Reverse: 5’ -T-
CGAGAAAAAGCTGTGGCTCTAGACACTAAACTC -
GAGTTTAGTGTCTAGAGCCACAGCGTT-3" ; PKM2-
shRNA2.Forward:5'-CCG-GGAGGCTTCTTATAAGT-
GTTTACTCGAGTAAACACTTATAAGAAGCCTCTTT-
TTG-3' ,Reverse:5’ -CAA-AAAGAGGCTTCTTATAA-
GTGTTTACTCGAGT-AAACACTTATAAGAAGCCTC-
CCGG-3',PKM2-shRNA (s & Wi Rk Hi A
RN FE ) W v R 2 pLL3.7 (Vector2 , F 5t BERF K
SRR )  $i S pLL3.7-PKM2-shRNA Jiiki
123 1ZAEe LR

H# pLV-GFP-PKM2 (X & 4] Fki pLV-GFP) Al
pLL3.7-PKM2-shRNA (X B4 ks pLL3.7 )55 562
H R pCMV-8.91 . pCMV-VSV-G S I B i 415 2 35T
VETE DR YL FR A e A I 2R 293T 4™ e e Jm
48 h YUK T L . BUIRAS R AP 50%~70%fl 6
1) HepG2 4HAE, A 45 47 (4955 B2 F polybrene
(8 pg/ml)™ 4 h #MINAEEEEFREE, 24 h J5HHE., 48 h
Ja M EL 008 Y A (green fluorescent protein,
GFP) Fik1EH, FKF5 HepG2-PKM2 HepG2-PKM2-
shRNA HepG2-Vector]l \HepG2-Vector2 4,
1.2.4 Real-time PCR
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TRIzol A ZRA K HepG2 HepG2-PKM2-
shRNA (HepG2-Vectorl \HepG2-PKM2 HepG2-Vec-
tor2 HUALAYE RNA , 3545475 ¢<DNA SCE, PKM2 [
519 .5 -ATGTCGAAGCCCCATAGTGAA-3' | T ijff
519 .5’ -TGGGTGGTGAATCAATGTCCA-3' ,HIF-1a
519 .5 -GAACGTCGAAA-AGAAAAGTCTCG-
3" RS .5'-CCTTATC-AAGATGCGAACTCACA-
3 ,GAPDH L ¥i# 5] ¥ .5 -GGAGCGAGATCCCTC-
CAAAATS R34 :5'-GGCTGTTGTCATACTTCT-
CATGG-3' (519 _-36f Invitrogen A F)& ), Real-
time PCR . | SYBR® Premix Extaq™ i 7] & , 7£
ABI PRISM® 7500 #1%¢ 5 54X L atkAT, SOniiAk
Z :SYBR® Premix Extaq™ (2x)10 wl, %A 2 wl, I
TUEE 4 0.4 wl, KEZEEKT.2 pl, Real-time
PCR W 254 95°C 1781 5 min, 95°C FEYE 30 s,
60°C Bk 30 s,72°C 30 s, fHFF 40 WK,

1.2.5 SRMALMFEE

50 X 9 S0 55 A 2L 48 A% A IR T AR [
AT PR 4 um B9AEEE) R S AR Y
Yot DR EE B, /KAL , 3% S8 A0 S KT DY R
ALY AR USSR B R R S
SEAL A —$i (PKM2 HIF-1o HLR)4CE B H
SR AR Z 0, IR PRI BE R DN 1 R TAE
W, DAB Jefn, GRS YL ik B, PR g
h o BARPIRSE G pie 40 AR & nY e - (ZSGB-
BIO),

1.2.6 Western blot

I RIPA 244, $EHCR AR 1, BCA I &
T, IMAEA LSRG 100°C 5~10 min,
SDS-PAGE # AT LUK /3 & 5, R % =
PVDF & I, 5% Wi E Wik = iR B 1 h, InA—3t
4°CHF R L, PBST VRS INA ZHUi¥F 1 h,PBST
Ve 3 WG ARGV BOCIE R g, S 2
DEE 3R,

1.2.7 &R 5 4 tm o kit #5472 2 58 A1 A

K FH DMEM ¥ Matrigel #i B (1:6), A Z
Transwell /N2, 100 wl/FL(RER T ), 37°CHCE
1 h,Matrigel 7853 &5, Transwell FZ A 1 ml
T 10% FBS () DMEM $55358 P4 1 h, Y8 Bk
KL, 0.25% KB AL, H 1% B4R 1 DMEM
REFEREAN A 1 % 10° 4/ml BOZ0 I, B 200 wl
MBI, HeFh 2 Transwell =44, 7 NN
A& 10%FBS 1 DMEM 3535 5E 600 wl, 7 MEE 5
24 h, B Transwell /NZE | FAR 254 22 S0 R B b

I Y Matrigel, PBS 5252 0bk, BT, HEERE R,
0.1%%5 Yt , BEEK IR A2 i B YL, i
T, )62 B 4% (Nikon, ECLIPSE 50i) N WE£< 41
M SRR 3R,
1.3 “%itFF%

i 1 SSPS19.0 F A A TS 43 BT, BT A S 4K
PR LIS + FRiERE (X + 5) o, & 4] % H BA A
B T HU A, IR LA SNK-g K36 0EFT 19 195 e
B,P<0.05 WESAGIFEX,

2 5 R

2.1 PKM2 EAT R4l L ARA P 69 FK & T 5 48

Real-time PCR & 115 X A S dmAs |, H:
H1 106 X (106/115) w41 214 PKM2 (R iE & T
FEHHL(P < 0.05,F 1A), b 1 woR 78
50 FIFEELLZT, A5 35 i PKM2 ks bH M, 6 4
PR, 7 155 BHE 2 B0 T AE s 5 8 A 6
] PKM2 ik BHYE 9 6 FHM: | 14 5155 BHM: , 21 41
R S i s 2l AL e DL 1B, DL B 45 SR
PKM2 7EHEAL SV i 2k = T 554141, PKM2 7
JHF9E s rh ] R B EEEH .
22 [BHFERG HepG2 aa itk 3K 43 PKM2 F# A=
SO ST OE Y )

¥ 4 PKM2 .PKM2-shRNA1 PKM2-shRNA2 .,
Vectorl Vector2 ¥ 51 12 95 35 8 % HepG2 4i1 g,
Real-time PCR F1 Western blot 32 ,PKM2-shRNA2
1 TP 55 T PKM2-shRNAT (B 2A) , AL
PEFE PKM2-shRNA2 10 THLF A . IR YL 12 9% 75
Vectorl Vector2 B HepG2 ZH}8 -5 ¥ 4= 7 HepG2 4
L L, PKM2 mRNA K28 FIK-F- T R A8k 189
FF PKM2 JE& YL HepG2 40 AY PKM2 2234 BH & &
THFAIHepG2 il 171295 PKM2-shRNA2 Jak
YL 1) HepG2 4 il 1Y) PKM2 3R 35 B 2 AIK T 7 A AU
HepG2 2 (K 2B) . 185 FEEYE HepG2 41 L A%L
UL 2C,
2.3 PKM2 #97K-F% w0 HepG2 4n L6443 4

PEHURRE B TP A i 26 35 PKM2 [ HepG2 4
bk, R/ INE ARSI K Y 5 HepG2 20 itk
HIR 2B DL SR 25 R 5 (Vector]  Vector2 ) () PKM2
H 1 & mRNA JoH] A8k, RBP4 Y HepG2 4
MUARAE X IR, NEARZRL A R R, o Rk
PKM2 ) HepG2 #ii i {= 8%k B W] i 2 T %7 4= A 41
Jid, PKM2 A9 TP 40 (=2 2850 5 BH > T 7
AR HepG2 A (I 3) .
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Figure 2 The efficiency of lentivirus transfection and expression of PKM2 after transfection in HepG2 cell lines
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Figure 4 PKM2 upregulates the expression of HIF-1a by affecting the phosphorylation of STAT3
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IR TR e BRI BERR b STAT3, Western blot 45
BB, HepG2-PKM2 £ STAT3 Y750(tyrosine 705)
BRI K- B T HepG2 7 AERUZH 1 HepG2-
PKM2-shRNA ZH{X T HepG2 B 4= HI4H (& 4D) .,
I, PKM2 ] fgid i fE #F STAT3 Y705 MR 1L, b

PHHIF-1a 35,
RIS &

PRM2 SRR P Re kg, 7EVF 204N
T BRI, BRI R KR B R AR DI
K, BE RIS DT FEE BT RE R 2 —,
PKM2 75 A Jigi 152 J5 98 2 2 v 199 7K SF- 5 15 g ) ot
VAR B BB B TIUR AHSE , S HnT RESE AR ot
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