rpE 40 i AE ) 2# 249 Chinese Journal of Cell Biology 2015, 37(4): 582-587 DOI: 10.11844/cjcb.2015.04.0291

PKM27E BRI 72 RY P RO 1R A B HLd TR

EEE TR & B EXEm R OB
(AT K2R B 22 B, A 22 5 0 T A E &R, L 200025)

HE Pb 9 4m B, ) ) AT BB B R 3 R) BB 4% R e Kt B I P 5 094 R, do s B
BABANG RS, 55 AATP. 7R BRBUYBE R A8 BE AR 1812 P 69 PRk B, MEALARBRUMG B X, 7 BR BR 4 A%,
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The Function of PKM2 in Tumorigenesis and Its Activity Regulation

Zhou Chengbei, Wang Jingyan, Li Ya, Pei Yunkun, Cai Rong*
(Department of Biochemistry & Molecular Cell Biology, Shanghai Jiaotong University School of Medicine, Shanghai 200025, China)

Abstract The tumor cells can transfer glucose to metabolites required for cell metabolism and
proliferation through aerobic glycolysis, such as nucleotides, amino acids, lipids, as well as adenosine triphosphate
(ATP). Pyruvate kinase, one of the rate-limiting enzymes in the glycolytic pathway, catalyzes the substrate
phosphoenolpyruvicacid to be transformed into pyruvate. One of its four isozymes, pyruvate kinase M2 (PKM2), is
consisted of four subunits. It can exist in forms of monomer, dimer, trimer or tetramer. PKM2 tetramer is the most
active form which motivates glucose to be totally oxidized, producing ATP through oxidative phosphorylation.
Nevertheless PKM2 dimer prones to promote the glucose aerobic glycolysis, which is commonly observed in tumor
cells named the Warburg effect. The balance between PKM2 dimer and tetramer, which is modulated by a series
of regulating factors, plays an important role in tumorigenesis. In this review, we briefly introduce the function of
PKM2 in tumorigenesis and its activity regulation.

Keywords PKM2; Warburg effect; tumor metabolism; tumorigenesis; regulation of enzyme activity
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BIRY UL IR . LR FINGE DU, dbE o fd 1
o ) A e AR T R

A i 2 3% B (pyruvate kinase, PK)j& — Fft 43 +
2 4250 kDalf) 8 5T, i A4 1l 1 A 1 =X P I 7R
(phosphoenolpyruvicacid, PEP)E il A IR, A& 4 P it
BT R — . G R HHEIPKM2(pyruvate
kinase M2)[P)36 1, AN o800 A I R 1) A e, 346 g A
BRI =AW HERR, (R IR Z ER
MU BT & e 324 A 1k, AR LBl P A PR AT
PURHE T L Ry M1, M2, A PKLFIPKR ) 5l
ALAE I 40 P R0 ifin 20 i vh, 33 B PKLR(1q22) 5 Rl 4
fih; TITPKMIFIPKM2I (1 PKM2(15q23)3E A 4 65
A FDIRAS R, PRMIAE K 2 i 1 23 &k, iy
PKM2U| = B4R IR ity & (Rl Bt vp 3 IA P, 4ok,
O A N5 U8 R B, PKM27E & 28 s 41 24 Kk
i, R AR TR IR OGSy 2, UAWIPKIE] T
it (1) 2 IS A I 988 T B P ik B b AR T A8 4k . PKIM2
ARASE e 40 Jf 15 ORI A 0%, I I8 AR A B IR AL,
AR R FLIR, b s 40 i A2 A R 1 A KR T
PRM2 (3% 1 52 $1) e 55 FBH 1R 25 22 A )2 UK 1 %2
AL AT A SR PRM2 A e A o 1R 4 A HLs
T R A — 25k .

1 PKM2BIEHI EThEEY S &
PKM2 HH PYAN M 3644 ik, DU 58 4 L i Hys 1k

Glucose

|

Glucose 6-phosphate

|
|
|

Cytosol

PEP

PKM2 PKM2
(dimer) (tetramer)

Pyruvate (low) Pyruvate (high)

/N

Lactate

IAEAETE 2, ek 8 IR 0E N = FR BRI A1 AL
IM, TERCKEEATP . AH I T-PKM2IE R 5 AE, PKM2
60 ) T B — B8 4K, HKmfE bE DY SR 44K, ik B 2L 4
ACPEPH AR Ay AT I 12 105 1Pk AT, e a2 A7 2600 I A,
7E 7L R It &0 W (lactate dehydrogenase, LDH)AT 7E 1]
85O0 A PR A B SR, I P W B 43 fil v 1)
PPN AR R R IR TR R 5 A AR )
5 (biomass), Ly A2 I 4 A 38 48 1 7 R, TO7E
Jf I T e R A e k5 T B EAE (K. IE
BUR, P AL T B A4, 52 31 A8 A8 80N R 1 =
Tl FE IR IR 2 2 (3,5,3 -triiodothyronine, T3). 2K A &
& (phenylalanine, F)A11,6-— # 2 4 ¥¥ (fructose-1,6-
bisphosphate, F-1,6-BP)I1J i 15, ~F- 1 — H$T 1%, i
Sk I geE 20 B PR S A BRI T R SR

2 PKM2HIZRIE S IR B

PKM2YE ARG I 223, B ¢ FFFH 5 11
BRILIN, FEAEAEPKLES 3 RPKM2I I %, HAT —
EEE R, T TFRAESE, PRM2AE S R (1
SR 191 T T LR I, A 48 B, A s
RS, (E R SLRS. R i
L3 A 3 ) T v, LA R I R R
FY 3 Tt R0 B PO, b B B, L
A B 41 R 2 R T SRR . SR R
W], PRM2FE A /K [ B 1R £ S M s s AR 11

NADPH

— PPP

Ribose S5-phosphate

Mitochondria

PEP: A B < AT PPP: R G40 NADPH: i J5U AR HIB, e FRIZE S — RZFF IR 12 o
PEP: phosphoenolpyruvate; PPP: phosphate pentose pathway; NADPH: nicotinamide adenine dinucleotide 2'-phosphate.
El1 PKM2 (K5 I RIKLEHE S R GHITIEZ B B A GRIBS % STk 4112250

Fig.1 The different catalytic roles of PKM2 dimer and tetramer in glucose catabolic pathways (modified from reference [4])
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T A5 00, 0 v Rk (R PKM2 £ S 8UR] kg« BNV,
MosR . EWRR . TR, D iE. i
I RO SK B I A R MR R TS R
(RN 5 e ST v N1 0) 2 QY VASE A Ll )7 RS 1 I
TG B DIRH O, (AN I — & B AE AR A1 S 56 A 75 3]
TUFSE, HARHE A oh sz 5045 21 (4 2o T %0, PKM2 1]
R J k) 1 72 FR A0 R A R s AR i o H 2
Jah, BF SO A I A S A A S B AR 4647
fie 3/ i 6 RN SO i e 26 3 4R Y [IPKIM2 /K, 75
HI 251802, PKM2F i I8 RIS . 121
TR A R bR &

3 PKM2EERIET 5 MIETRE A
3.1 PKM2REERIFIZ SMBRA AKX R
PKM1FIPKM2 tPKM2(15q23) 3 PR 4 L, 2 4
Sk IR R AR mRNA 7Y 528 £ BT U1 AN ) 7 4
PKM2{RBE AP T 10, fEPKM2IRAFAAT R, T 25R
AT R ZHZA T, A bR A A 4% A T (812).
PKM2 & A H7 1 %7 2% #1125 1 (mechanistic target
of rapamycin, mTOR)WL W T i 11— A~ F L8 4 1,
mTORM I B AR B PKM2 [ R IA o i B2 il
HIF-104" 5 I PKMBER 6 55% PL Kee-Mye 1% AN
— % F Witk (heterogeneous nuclear ribonucleoprotein,
hnRNPs) T 41 3 [ PKMTT AAmRNA [ 32 £ 5 57 D) K
LF Y, HeT HPKM24 15 7] B mTORE A4 40 /i 1)
SR fE 1M EAb, iR & T PTEN(phosphatase
and tensin homolog deleted on chromosome ten) ] il
T 7 470 1 T T P 3 T A RIPKM2 I ik Bk
B AUV, 5 IE S B E R 4 A L, PTENTE
VU Er 2500 40 0 2R P IR ik, Hod 3 PTENGRE W]t
SOV Jrk e 40 i P B R, X 5 R S A P
TR Sk 2 T v TR A e B R A S I B DL AR
DR TR B R — Bk [Nk &k I, PTENGE
FALAWH] T AKT(L2/ 752 R B 1 W0 ) R B PR A A8
PKM2. 6~ I SR 8 -2/ 53 Wl XUt 1R -2 ) T
3(6-phosphofructo-2-kinase/fructose-2,6-biphosphatase

 Exon8 k] Exon9 (] | Exon 10

3, PFKFB3) J 73 %4 W i &5 1 I (glutamine synthetase,
GLS)I¥) 1k 7K~ FEAK, AT 715 5 2900 40 i i) 14
Wi. A7 % 2DV g T PKM2FN 22 8 W g B 45 A 4R
I (polypyrimidine tract binding protein, PTB)J}& i3]
mRNATEAN [F] 73 94 1R 155 EAS A7 4l I gt 20 23 v T8 IK
T AR AL, R IR PKM2 Y 2 g R a5 A R
(phenacylthiazolium bromide, PTB)* 5 £ ik, H W&
[R)3IE 5 IEAH G, #7-PTBR] BEil i % PKM2(P) i 4%
PEBYD LLUR R D g 4 0 P i A QA

3.2 PKM2BYEERIE NS MER R B X R

PKM2 471t 2 T % X 1% J5 1216 7 =X, k3L
W PEREAT PR, b IR AL B k. WFGFRI1
(fibroblast growth factor receptor 1)t 1 % 2 IR 7%
FEY 10547 ki B 1R A6 4 1 7 PKIM2 DY 28 44 &5 K 1) I
%, 23 T WarburgZ% ', v-Src(virus-sarcoma) %
PKM2MY105BEAT B 1R A, AT 4 AIRPKM2XS i )
PEP¥)2E A1 %1, PIM2(Pim Serine/threonine kinase
2)MEA TS5 AL A B8 B2 A AR J3F T A SO0 I A0, T
ERK2(extracellular regulated kinase 2)f# 1t f{JS374
R AL RE TS T PKM2% N S Ar M R EAEH . 36
J¢ 42 K A 7 32 fA (epidermal growth factor receptor,
EGFR)IEERK G, Ji # H 45 7 T PKM2 1e429( 5+
SLEIR4A29)/Leud3 1 (5L 2 R431), X Ser37(22 H 1R
37)EAT B R AL, A AT H 45 5 PIN1(peptidyl-prolyl
cis/trans isomerase 1), Jii & ¥JPKM2 Ser37/Pro38(}ifi
A MR38)HEAT L 5 # AL, (2 FPKM2 5 % iz £ 1
oSHILE &, RN 4.

H1p300 £ It e % Wiy fiE 1L IK433 £ BE AL 51 K&
PKM2JE Hi — 5 4k, 1fiiPCAF(P300/CBP-associated
factor) {44 (VK305 ZWEAL 51 L 7 T AEAE S 10 B Ik
(chaperone-mediated autophagy, CMA), %5 T % i /&
o AR PROMI2 DA 41 G 3% PR, 7 S P A% A 5 | O 11 T
Je Tk B OCB R o 3 PR A AR R A A C358 A4
PKM2PU AL T-AER IRAS, FRAKRPKM2 )3 PR,
3.3 EARMEEERAXMPKM2EMSAIET

Al HPKM2 45 & M 8 iR R IR 2, 45

----------- .-

ntron ] Exonll |

- - - - I

E2 PKMIFIPKM2AEYEF IS (ARIES % Rk (14112250
Fig.2 Alternative splicing of PKM1 and PKM2 (modified from reference [14])
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A A5 R AL A 22 R, — 28y R A
Jit, WHPV-16(human papilloma virus-16)FJE7 4 [1 1]
HAEEE A FIPKM2 b, ek —RAATE 4, 1
I AR AR R T R AR S BEAE T B RE R AL
HAR B IR, #EHEK-293T4i i 7', HERC1[homologous
to the E6-AP(UBE3A) carboxyl terminus]{/HECT
(homologous to E6-AP COOH terminus)is {2 1] LA 55
PKM245 75, EIXFh &5 45 I AR 5% HPKM2 ) il 7% 1% o
DAk, HERCINTPKM2 2 [ A1 A T ) 2E BE L REDS AN
THAER,

WAk, SpodenGPALEAIT FT AL KA F 155 5 41 L A
THIBLAN I, B B A KA 3 R B TT-2320E
PKM2AHE &, FIPH AN N PKM2E A4 % . Yang
SEPNIE 52 T ERK 23 o H g 25 IR 1tk 2 A5 1R 1) 45 1
SSRN A8 2 TR R 2 2 TR 1 B8 21 B ) 0 e R, 55 PKM2
Te429/Leud3 1A K 45 R0 Fs A VE & 4, e REERK 2%
PKM2 Ser37#MRAL, JF i 18 PKM21E N 41 g 4%,
1 E3Crh CAERIE .

34 FEBREM NG FIPKM2EERYIET

KAWL R I, PKM2) 3% 1 52 3 2 Fh 2 5
12 FR) AR Y, e 22 B R A A A Ol 1 B S ME — g
WORPKM2 ¥ Z AL R, 2 Wl I Al A o ) o 2 7y
Y. Chaneton§P I TR W, 22 24 1% v] 45 & I I
TEPKIM2, $i v FCAE A0 M P O35 L, (e kA U I A,
A R LR, R Al M A S A i B T
YERT. 225 IR 14 fig P IRPKM2 [ KmfH, $2& /= PKM2
XFPEPHI 2R A1 7, X — i HF-1,6-BPIUN AHALL. 22
SR AL I PRI P2 i, 0 AE M P 22 2 IR
Z I, PKM23& ik A7 B T WIS PE 22 2 IR 1) & B S
mTORC M, 5 750 4 M A 1 S0 A7 A T 24
P, 5 22 7 IRATPKM2 A5 E T RADE M DU SR MRS
FH I, AN R AT LA PKM2 DY 28 44 LLJG 5 1 1R TS
R GEAFAE, AL 10 A P 2 12 T e 4100 | PKMI2 f 375 K
WP e T3 T35 A7 48 P 2R 1R L 445 44,
A R IR IR &5 R A pS8AE N8 L By 4 i
PRI PK M2 5 AR AA (1) PR

Keller% PHIIE , BEMAZH R K& Az i) a)
7= SAICAR (succinylamino-imidazolecarboxamideribose
-5"-phosphate), fig 1 /- FPKM274E 14 M T 4 =1 41 i Py
PRM2[F) 3% M. 75 i = 5 2% B 1) 1% &0 1, SAICAR
WP 35 T i, HPKM245 G 1, (it H 5 RY)
PEPHISEN g, $ v FLDU SR AR 45 K I RS 1, KT

AR AN R e S KT 2 B S R DL A LR A
RIS I8 A0 I ) A0
3.5 PKM27E4Ra#Z M BY1ER 5 I AL

T AR R0 R B, PKIM2R 1 78 J ot b &k #53
B G VRS, e mT LOE T A%, 25 iz g
BRI e B B, R e SR 1 e ok HL
75 40 A% IR 238 7K 1 55 40 B 14 B 0 B2 A oK,
PKM2 SR H AT 8 1 il o 1, /6 40 i A% o il
T PR A 2 SR DAL 1 Stat3, A HLAE () BE DRI 4G DLR K, 2
HE £ Ff MEKS5(mitogen/extracellular signal-regulated
kinase 5)%55E DA R B )l 0 g 40 B i 5 A
bR b R A A R,

PRM2 U] 6 7% 2 40 M N L e AE 0T
20074, Hoshino%5C I REX AR AT AR - 45/ B
B4H s RBB13/EIL-3 4 30T ik N 40 Jf A% 1) 2 1 e,
RILIL-3JEAEPKM2 5 N 41 k%, B FH 40 i g
1 ) Western blot3 46 50 1F 71X — #i. Stetak 2Pl
98, Western blot35 H A A MPKM27E 41
W R 23 A, R S AR A 2 S S ALy e ) i 4 T 2
fEPK M2k N 41 A% o

EGFRAE 422 WM PKM2 5 21 8 11 2 18] (¥ B
YEM o Yang5 P IR, v van 5 14 5E 1) fih 72 4t A%
PKM2 1] F 4 45 5 21 8 FIH3, IR 10 41 4 FIH3-T11
A7, M s BOTEBEGFR ) 608 o 3 Bl i 1R ALt /&
HDAC3(histone deacetylase 3) WCCNDIFIMYCEL &)
+ b LK B S ) 4 R T H3-K 9L Sk i 06 77
(F1. ABPKM21 41 2R (FIH3E & AR KR 75 2
41 i R FID 1R e-My e I8 Hh & — /MR B 1)
P TTH . PRIk, 40 A% HPKM21 458 1R 2H £
PR AL KSR LA S Wi 41 i J) S50 ik e 40 M py G 0, T
TR A R TG . X R PKM23E i k45 8
TR AE F, A0 M358 A% 27 7K 1 Y 428 I DR 32 R
e 0 PR B 1A — AN BHIERY . b S04l O B, EGFRIE
23 SR PKM21E 40 A% P IR 15 7K o 20 I Rg 40 i
EGFRFIG AL HE T ERK /2405 i PRM2 M1 55 7]
MAAZ NI 2. 1N IFPKM2 i) /E 4 B-5E 11 3L
WO N1, 8 15 5 4 sk R Fre-Myce ) R IE, & b
VAR AR 5 A0 DG B I GLUT I (glucose transporter 1),
LDHA(lactate dehydrogenase A). PTBIZiA, 14t H
SR RIE TE e S a2,

I3 Ak, OB 3T R IR 4 B IMIDS (jumoniji C
domain-containing dioxygenase 5)7F ikt 48 I 75 25 H A X
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PR gt R A T AR L 8 I T AR PRIM2 IR 4% e
fir, & SEHIF- 1o 1< A8 FC) A 88 4 M 484 B IMUDS
PKM2IC-3ii &5 &, 33 5 HoAH B AR FH LABHAS PKM2 )Y
AR, PTPMM2IZ N Zi . B L R 5 2
S 4 R (B A (lactate dehydrogenase A, LDHA). PKM?2
S5 LA 1Y) HRE (hypoxia-inducible-factor-responsive
element)ifs 7, i€ FEHIF-1o 3 1) S sO0iE . i ik,
IMIDS5 55 PKM2 3 [Fl i JEHIF- 100t 7L 41 fEMCF-7
PN FRT S SR TiE A, RS e 0 e F) A R AT G Y

4 BE

PKM2TE 87 48 AR 35 o & 4 7 T 34 1D, i
ARG IR DU I P 5 K AR DA
SRR, A R EE I 8 B A DY S A 1
1 705 5 ) 2R B e DR ATV S BR PR e [
PKM2:th, 1T 4F: Jy 314 53 BRI R 2 1 5% e i 3 4
LR S A 0k Warburg R, i 3gk 768 T i 68 40
MR . T, LIPKM2 4§ 1 fF-4 98 £ 34 1
VATT 7 S IEAE B MR S R rh o AR T, (R
PKM2FEDR A fig 5 A4 bl s 40 1 0. = 3%
WRARER P h— SERG I 5%, W S AT R I S 172 3%
HFY R M A5, 55 Warburg 3 A REAC I8 ) 56 R 4k
I S0 TR, 336 Sk s IR 38 4 7 0 s
VAT BRI 1B, (Lt R PR B T 1 5 A
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