Int Eye Sci, Vol.22, No.2 Feb. 2022 http .//ies.ijo.cn
Tel.029-82245172 85263940 Email.1J0.2000@163.com

M2 B Ay il % 35 B 7 47 PX 9 A8 ) BE 95 <2 P Y H

EFi 2

£ BB IR BB R &

SRR FHER, 2, BB, . M2 A D R R I8 R DR R
W s 7 P A A IR PR IR AR 2022522(2) 1249254

HEEWB . mg il i RE AR 5T H (No.JC2021188,MSZ21084)
B2 B4, (226001 ) P EIVT.Z50 48 R 8 17, B R 2F 58 IR =
e HR AL 2 11 PR B 22 A 55 P s

YEB A HUHER: , 5 K2 e S iR 55 A, 9 0 1) PR %
0 O B R

WBIWAESE ORA Sl TRIE R E 2= be, L, FAEE I, #0472,
- 58 A T 0, BRSO . N B R IS K. songyuleye @
126.com

Wk A . 2021-06-14 Bl 3. 2021-12-28

HE

T8 9 A0 P JIE5 28 ( DR ) S — o B g o e DL %) v 88 e
SEPEROMAE T R AE , 45K 20 ~ 65 % N BEAL 7 55 1 2k
HH 1 T2 i DA 32 2 R A AR D) B PR i A 1) S S A=
LA AT R 4 P A 2k P 2 DA 7680 W 2 A T s 28] D9 T R
AR AR AT DA ML S 4 R R B PN R 4 i 22 B
I REREAR AR ATP SR ZEFF LTI, G046 2 5 R % i 42
FUGE AR . PR R R 5 ( PK) B9 M2 3IE Y ( PKM2) 7E
TR A 1Y) SR , FEHLIR IR R 2B S I Rk, L
Y1 i A IER B2 2 A A A A I 5 v ) B A4 i R 4, A
DR WA kBB h R EEEH, BFRERN, PKM2
AR AR Ay R P9 R i ARz AR T RE
fE DR kKR R EHEEAE , P, A% SCK 5 i N B
S RN ' SR A7 o 40 T PR A T TR R 23538 PKM2 7605 PR s 1L
D) A A8 v A ST R R DT R DR 932 W G 7 2 418
B

SR M PR AL O G A 5 M2 TR DR R PR JR e 5 P9 B 4 B
MIAZ B s A AR A
DOI.:10.3980/j.issn.1672-5123.2022.2.15

Role of M2 isoform of pyruvate kinase in
diabetic retinopathy

Ya-Jing Tian', Xin Cao', Cheng—Wei Duan’, Xiao-
Le Wang', Ling—Yan Hua', Yu Song'

Foundation items : Nantong Science and Technology Bureau Project
(No.JC2021188, MSZ21084)

'Department of Ophthalmology; >Clinical Medical Research Center,
Second Affiliated Hospital of Nantong University, Nantong 226001,
Jiangsu Province, China

Correspondence to: Yu Song. Department of Ophthalmology,
Second Affiliated Hospital of Nantong University, Nantong 226001,
Jiangsu Province, China. songyuleye@ 126.com

Received: 2021-06—-14 Accepted: 2021-12-28

Abstract

¢ Diabetic retinopathy (DR), one of the most common
diabetes-specific  microvascular  complications, is
classically described by intraretinal microvascular

abnormalities and neovascularization. It is the main
reason why visual impairment and blindness in people
aged 20 - 65 years worldwide. Glycolysis can provide
energy by converting glucose into pyruvate. Endothelial
cells mainly utilize glycolysis to produce ATP to maintain
the function, including forming tight junctions and barrier
functions. Pyruvate kinase ( PK) M2 ( M2 isoform of
pyruvate kinase) is a key enzyme of glycolysis and is
widely expressed in most tissues. As major cellular
components in the endothelial cells and
photoreceptor cells play a crucial role in the occurrence
and development of DR. Studies have shown that PKM2
takes part in the development of DR by regulating the
function of endothelial cells and photoreceptors in
metabolic and non-metabolic ways. Therefore, this article
overviews the role of PKM2 in DR from the direction of
endothelial cells and photoreceptor cells and provides
new insight into the diagnosis and treatment of DR.
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H 97 AL ) % ZE ((diabetic retinopathy, DR) Jg&— Ff
SRS A OC 118 M AT VB AE G A e
"R S R O BRI I R, = S S A R I B
E AR PR B A1 45 A K 398 B 300 A i A TR R L A
AW T firp S I e 240 i e AR IR 2 — L FR BT E R R Y
SEAETT ARMEATY AT LG b b T A 7 AE B, WRR A Warburg
RN AR LAARGHE A LA 2 AL AR e, 38 T A= A K
gy rh E AR A Y G . Bl BIBIETE R B, N R A i 2
B o A A 1 ATP SR iR L BE . M2 RN
T2 14 Pt ( M2 isoform of pyruvate kinase , PKM2) VE A B I it
TRAR A S BRI , 20 T W I A4 O P9 B A Y SR
AR T AR W S B 1 R A e S R 4 S5 A
fERVE S i — 2 7E DR % 2R SO M o &
1 PKM2 &4t

TR R 18 ( pyruvate kinase , PK) 75 Ay A % it 1< 72
0o E o A RO B, K B RO R U R
( phosphoenolpyruvic acid , PEP) Fe Ak R TIERER I rE 4 ATP

249



EfRIRRIZRE 2022F 28 £2% F28
815 :029- 82245172 85263940

http://ies.ijo.cn
BB F{5%8:1J0.2000@ 163.com

FEVET A0 AR e 25 DG AR T WF5E & B, PKR I
PKM PAFR LA 4 fidh PK ) POFRIEAY | 55 DX B e 5 57
B, AN TR B (g 63k R A A3 0] S e H 41 200 547 . PKR
LN PKL AT PKR L 5351 76 e 0 21 40 i vh 2%
K PKM SE R 7E HA 2 B 2L i 3Rk AT e Bk 0y )
JE L PKM1 (425 9 Sh ) 8 PKM2 (fL 7 10 Sh 2 1) ME
B, M1 Y B B2 L (M1 isoform of pyruvate kinase,
PKM1) F= 223835 T i L R AL i ; PRKM2. £ 223R0K
FEIEFE AN, VR i 40 A0 P g 40 i 2 Sl JLARE I 9T
T, PKM2 75 P K 40 10 25 JF 3% 58 240 i v B R k.
PKM1 HA TR B9 U R HIE X, & 45 22 iy PKT 28 5 10
PKM2 T B4 | = 3R A U B4R S AN A sRAEE A
M A HEAN T DI RE . PKM2 B3 14 AT A3 4o 2 5 3R
DU SR A R A R ], HG DU SR A R T 2032 Z2 A B M 1 T
AL A S 2 S AL S | 3 52 L Ui rA) AR TR A v )
fR——F B 1-6- B8 (fructose—1 —6—diphosphate , FBP)
MIZAERGBE " 5 FBP 254 T A DU SR fAR 2 AR T
MU, e FE 2 ML PK OG22 A 3 i, PR A 400
e e b SA AL R AL . PRKM2 2 i B3 184 , LA
JEIZR AR — R AL XA 7E, AR PK 6, 7T LA
R BN A MIAZ T S HE AR R TS 1, AN AR DL A AR
WEIE A , 5 SOME I b A R 2R B 76 U ir /&
BRI R 110 I ] LAY 8 4% i AH DG 3 [R5, 2
2 e 300 30 R A A e A AR i A3
Yy EIERR AN A A A 0 IR E 5 PR s
M PKM2 (35, Hof/hgrF DASA-58 il TEPP-46 ff
Sk PKM2 1) /55 B S PR s ), 2 208 o A D 2R A4 A
A ff PKM2 1930 15 28017 5 PKM1 M), 1R A fiE 1k
WHIE 5 — 0 W RS , O =R R IG R AL N AR , %
Rl AT L PRM2 55 105 (37 % B A 5 (Y105 ) TR 1k
BN ARV ARG BORE R B RE BLR , PKM2 2L
RS PMIE AR, th T B = Bl G M 25 2 BOWE RE A oh
TEI R P AR B AT R B % sl i A Ml 45 pl A 2
PKM2 FL AR ¢ R 8 DO RE . — D7 1, & Al A
I 3k HOWE T A 1) B8 Sy 344 5 20 00 1 R S {3k 1 N 02 2 e )
B 8, T S 185 22 5 | A6 1) Jmy 38 2 AP Fl 3 B A1 3 il 4 2
B 55— J5 I, 76 3% 7 A K B F (epidermal growth factor,
EGF)&E?EE@;I\?—3 (interleukin—3,1L-3) & FIIHE
HRIE T, PKM2 23 &R —RAOIF R BN A WA E
PS8 A SR T PR R A AR VR L A TR 1Y
FHOCHEFE 2R W], PKM2 A i 245 6 - Bk (5 5 5%
5 5L S OE R 3 (signal transduction and transcriptional
activators, STAT3) , Wi H 5 7 i 5L N 1 )5 3l 745
I35 DR F 2 S 5 400 R S A R R PRI A O Tl R
AL EEA, ZBLE B R F - 1a (hypoxia inducible
factor—1lo, HIF— 1) BYIA4E  [RIB, #% 9 PKM2 AJ DL B 3% 5
HIF-Too () % 50T 45 4 8025 &1 6 L — 4> PKM2/
HIF-1a 1E SO 8%, AT FE R PRKM2 75 5 14 20 g Ji] 4] ok
TR A i B % A B bl B AR A, PKM2 W] LLAE
JMID5 BYTRFEAE T 3 — DA E HIF - 1o 19 %% S T6 1, 14
58 HIF-1o & i B9 S PR 5% 5%, 4 45 30 R i &0 B8 ( lactic
dehydrogenase, LDHA ) WA IEEN 1( glucose
transporter 1, GLUT1) i SEA 00 B2, DL S AR o 9% E A
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KA T AT A - 18 Cinterleukin—1B) FYFA" i
Hb %N PKM2 38 7] LA o BTG B - 1% MR 2 5 R T i
A S R4, L 2 Warburg R0 ", 838 14 2 5 41K
I H3 1 2T Ak 8 45 52 S Rp i SE R (g 3k Ak,
PKM2 7E DR S5 RAEMESSRAVE IS R T2 &, oF
FER I, PKM2 e AL A E T 23 % Ak R AT 5 4 itk
AR T AR E Bel2 YT Ak I 055 5 0 40 i
T2, 7E DR i, 5 e OB 5 14 40 A AN 475 %5 DD AR
X IR A STEAP4 ( six — transmembrane epithelial
antigen of the prostate 4) , A DLiE S A HIF- 1o/PKM2 5
53 I, Ul R LA 4 A O B 1T A PR S A N 45 49 A
PR R AT o, R AAJE Y PKM2 il
A% R L5 5 b R - ] 58 B % AL ( epithelial ~ to —
mesenchymal transition, EMT) MAE AR NS 5%
FIELF 44k, W b4 0F F 165 HUVECs A MR 41 55 700 %
B, PKM2 7T L 23R Jf % % 21 40 i #% b, @ i STAT3 Al
NF-kBf55 38 f i — 2537 ICAM -1 1R 35 K, i 2
Y52 RUBEIRIG B 6 1 S RE A 0 HIF - Lo £E 4 i 48 A
SRR A 1) F PR 22— 7R R4 JBE A i g b, PKM2
AL A ) 40 i A% 3 5 HIF - 1o A NF - «B 3 [5] 98 45
VEGFA 1 5 5 01 43 W, N TfT 2 5 1l 48 2 i . oAb,
Zhang %> % I FOXM1D( Fork head box M1) ff g —Fh%%
SERF, T LIS PKM2 importind \NF-«B Al VPS11 25 £ f
EAMEAEN, Bl s PKM2 4158 30 B Wk E A
SBT3 3 38 0 VEGFE 119 28 3K FURE R 42 2 1 45 A=
i, P, PKM2 1 — RAKTE AT i i 0 5 52 0 7%
SEF4n STAT3 HIF- 1o Erk1/2 J% Bel-2 A H AR, i
TR s A P R T B e A Y A S RE M R
FEEZAEN,
2 DR &4t

DR JE M PR Foc 5 UL — s BE R S M O RE 2 HR
5 i RS 1R 0 fAT 1 A A i AR 6 >, DR
TEAR BN PR S8 BRI R LN 173, e 29 1/10 H &
F IR A SR T3 AR B 9 P ¥ BE K b ( diabetic macular
edema, DME ) 5l 3 7E 4 1% R 95 70 I B85 995 28 ( proliferative
diabetic retinopathy, PDR) "™ % [ I £ 1fi 45 95 48 /& DR
(18 FE A B R 0 AOR X % 1 A R i S TS 2 DR 19— 4>
HLERRAE Y Il AR R 5 57 5% (blood retinal barrier, BRB)
FOREIR | £ 4% 5% 78 %6 422 1) 6 A0 LA 1A 52 4 A 3 ) 400 194 I
WA B B, B i A D S €8 2% | B2 (retinal pigment epithelium,
RPE ) 20 B I 00 19 52 41 it e, o 1 S O B AR fh =2 — 2
DR W &S bIL I S 2% | 6 B2 B ARAE | S 28 TG A S A IR
AT PR IE AL P2 ) (AGEs ) (R34 i 3 S84k 40 7= 0 1
PANCIN SR AT s A S b (A ORI O R S TN = Bl OB
S RIS RS M R L A A
RAEEEAEN . KEEHFFER Y] W IR 145722 I 1] A1 = 1
Fr e AR AR DR il % AR R oo
TS 00 fl e I i 4R, S 3 HIF — 1o F23A 8 I, w] 3k — 2B 4
B VEGF (923 , i f230F DR (385 2 i A5 > . 78
Z AT PRSI 5T 3 W, DR ANACELAT 145 A A 0 )
VEZRRE, i HLEL A RGO 92 i VE B0 (01 2 R AT
W PR 5 | S ) A0 P 43 473 5 4 25 v IALARE A5 19 18 P AR
IARAEAIRAS | 2351 B D00 JE 6 44 L 7 ) 4 i ) 328 8 P 25
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9%, JE M S ( perithelial cells, PCs) Y&} BRB 1Y 5 B 21 hi &
O3 HERE N R A ) B Y PCs B FE K B T RE A
S AR bRk B 2 A0 I Y R 0 A e Y S B A
oA S5 PR TR B 78 35 1k 38, 51 i A T RE R AR
MWE AR T B 58, & T 8O N B B4, iF— 25
fEiE NF-«B Hl HIF-1a B35 1L, AN, RPEAAE R F
Ak DR 7 FRE B 203 M 0 3 0 7R AT S B0E A i 45 PR ZE A
B A 98 T 15 | AR X Gl ., DA T o 28 A s 15 | A ) 5
K PRI A A B R R 22 G E Al 2 W, P R A4
JHAR B B 5 7E DR A5 B 3508 37 A 0l 45 1k 2 9 P e 5 EE )
PEFRR TR A 2 P Rz 40 338 8 R afn 47 A 1l 9 3K 3
[F] 2 A O P BB 0 A 7 Ol 5 5 R o 22 A% 32 1 B B B O
TR PRM2 A Ay b e i 0 G ek 0 s TR 1, 70 4 5 40 B 1
it M SRAE B T R HEE AR, F UL IRATHED PKM2
AT RS 550 PRS0 0 RS 20 114 A LR SR i

3 PKM2 5 DR

3.1 PKM2 @it W E4Hf5 5 DR Kt &

3.1.1 PKM2 ER AR EIRIE N 41 (endothelial
cells, ECs ) {37 T L 45 F1 I 45 BE 1 38 5t 1, 4 A I 78 174 41 A,
43, AE T A Ak AN RS T T R HE E EAE Y
— 71, KRZ4L ECs FEA FJR# LR, A A FE LA RE 1l
VIR AL B R R R AR L B kY ECs SN
W AN . B AR S A0 A SR R AR RS 32 B 2 ik
T, 0 B S ok R PR A Y L S — i,
ECs 7 DA3E &3 Az BRI sl B0 405 L 90 | g 46 s 3L R
WoE  GHEIGE B AR B ML, B 5 mE RS, X
— S FRRERR A A AR Y ECs M TR AT IR &
P AT I I A5 A o A o e P Y R B
JE R ECs BAT MM R A B HUIRES R 3 2 40 i ¢
TSN PRI 90% F A A B LU= AR FLERY T, PKM2
AR TR a3 420 1 O B G , 6 V80 4 A Rl v A 2 S B
FH o BIFFE & B0, 76 /0N BRORITN I A 338 B 200 e R e L 200 1 A %
F S AN A4S RS, PKM2 502 PK 9 2 SRR
RVl 2 e 11 A ECs th 32 K35 PKM2 i A& PKM1™ L)
YERF I A SE R R B AR AN, TS R B, ECs 12
JIeo e 240 B — AR 308 SRR TSR S R Kt P D R, B A AR
SAETE B2l i B R A 7 2B g o, X P IR G 76 Mg A
SR YRR R A AN B AR oK Warburg R0, H R R
SRR A AR ORI LR A S N, & RE B L 20 B T e i 75 1Y)
ATP g e A, o HoAb 2R W) K o+ 6 i A
FEU L PRM2 1R A SO I ik (4 DG B s TR =2 — 1
5 PKMI AH EL, B 0 A AR e R, Fss AR
WX H1299 4 Hifa E DL Bk PKM2, & B PKM2 J&7A E b
T A RN A M 14 7 T T 1, BRAE R 28001 T PKM2 7
i3 4 B R O BIF 2T, AR S PKM2 7E ECs P AOAE .15 2]
TIIZHETE, PKM2 & ECs BEBEMR AT L 1Y, PKM2 %
IKFEAR Y ECs, BEBE AR 32 301, siPKM2 2 2 076 ECs B8
P fam i WF AR U A T A W A e R ST R, R
FH 46 8 2% Je 5 3 shRNA —PKM2 %% G 41 bl A\ L K2 7k B 1N
B2 40 B0 ( human dermal lymphatic  endothelial cells,
HDLECs ) H' PKM2 235, K & S B2 g A G P An 38 K
P, B — A 43 A A 1 3k PKM2 {2 #F HDLECs (144 5 |
T FAS TR B, DT 26 B PKM2 AT il 3 5o 9 1% fide 7 1

CAF R th R R RN, R K ks 2 U] PKM2
A0 I W T i 5 R e 5 %5 D) AH G L AN iR, ECs
WAL A R AR IR K S 5 A R, T T A
HDLECs |1 1% PKM2 i i 2 5 ik [ 38 A BU7E bk 0 45 g O
R R EAEH PKM2 £ it ECs 25 DR %4
i P 5 s %) I A A G, FEEL IR (4 VR ML i 5 2 i — 2P
3.1.2 PKM2 25 ECs WEZZE#E ECs IR DR
0 g it A vh B A SR A 1k Y ECs Pl /0 I ALK
JIEE FH3E PCs M HE45 % % ( VE —cadherin ) Y235 I IE B
BE S MRS FEFR I RE . VE —cadherin {3 F P 12 4l
R AL | & ECs 18] 7 52 T8 RN B A2 19 32 2 45 X 1
PKM2 7P J HA S0 SRy 8 ATP (1 72 A 8 45 45 6 X (1 3h
AL, TS 5 148 B BE T BE 9 4E 55, PKM2 U1 ER i
PR A RS e M, 5 B0 4 RN B T B AR A
Kim 25" 58 55 1A Y R SNSRI |, 7 fal 45 2 Ak 00 o) ) PN B2
Y, PKM2 2 Il 45 BF B ) BB T b 75 1, ifF — 26 R W
PKM?2 5@ 3 4 NF-kB F1 ANGPT2 1)< 35 3 4+ 1 45 b
BEfE, X —AE AL T PK &M, MMP-1 2R 4R
#E F 8 ( matrix metalloproteinase , MMPs ) A% 5 % il 52 2 —,
AR Sy T 5 9 i A5 95 s a0 R 1Y) o A B PR R RT A4
195 10025 PN B2 T A 5 PR o i A ARl e AR A B R
T & K N K2 48 B ( human umbilical vein endothelial
cell, HUVECs) , 5% Fl PKM2 7% 7] TEPP -46 A4b ¥ 41 i,
F W] PKM2 EA S MMP-1 ik m/ER, 3 — 2 3iE W
M AT mTORC2 ) £ 3k, i #F PKM2 ®i g 1k , i
M oE = R A IF B AL Aok P8 MMP-1 (Y5R35, =
5 ECs MG FERERIE . PKM2 X T ECs 41 519 155 Bt b
B S FF A AT DA R R ATTHE I PKM2 FT BB 3 2
550 R U 0 LA PN B T Y R E L DR R A R
R EER .

3.1.3 PKM2 £ 5 ECs WIEE TR PDR i L HI#E
By 0 0 S A I T B, B A I A R — A2
PRI, G HE ECs (3G 5H | 40 e 0 56 5 8 1 B K A
ECs [0 S IR AL 1) 188 85 RE 25 0 A O B 3A B Y
LA E S A AR SR A R AR AE R W ik — Gk
SIVE % B 0 A A R DRl A P9 Rz AR K R T (vascular
endothelial growth factor, VEGF) A M™% # hill , 76 18 I 1.
BT FR L VEGE B B i 205 )38 BLA 1Y 145 AiF
¥, 5 ECs Y VEGFR2 454, (i 3X 88 ECs i 442 3 40
Ji, i — A5 R BB 2F , 25 i A EE A A
SR ECs 78R i 48 v i AR b R VA Y ot A AR R
WEBE RN N 2 ECs B8 A M A A= Y B 3h F1 , PKM2 1
Shy R TR i 1) D R, L P TR X6 PR B2 200 i 3 R 4R 1R
TR REMAT AR Zhang 255 76 It 3 Bk & (PAH)
HBH S PAH AR FRE B PKM2 J8035 AT 41 s fii 30 Jik 57 v AL
A RO R T S B 2 A D S 1 S O | 7% [ Nl ]
PKM?2 5l i B 145 ECs 1T 72 F4H g #h 3& 5T ( extracellular
matrix , ECM ) Ff} & , £ 115 Bl 9 0487 24 i, 0 T8 g 8 o ot 5
1) FLIR /K - L 8t ml 3 i 2 2 HIF- 1o A1 VEGE 3
ik, i —5E 5 VEGFA/VEGFR2 5 538 J% i &35 3 45
A REBFSEEC T PKM2 78 B 145 2 i rh i 4
FH, SR, & I B 3 5 40 M U I A R S P R A 4 i
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(VR-EPCs) HAAE FH M A5 28, Ren 457 ) SD K Bt
A Y VR-EPCs, 239 R F PKM2 375 71 ( DASA-58)
K PKM2 115 ( compound 3K, C3K) #81F PKM2 7E K B
RRVER , & B PKM2 38 2k 18 19 W% A | 2 4 43 24 Rl
AT VR-EPCs 1% A= i, PKM2 1 E R[] T ECs
B AR IR e R PERF S, N T T M PKM2 X il 8 A A
R ZER DI RE T BE , Stone 5 PEAG T ECs  JRAR 0 L BE
T F /N B AT B T 0, & B PKM2 B2 #6117 EC
FEVR IR GE FIE RS | 45 3 3R W PKM2 J& N Bz 3 B8 R 4
) B A 4 R, LA S5 il ot A8 5K BELA: ot A58 A=
T W5 PKM2 78 ECs 2 5 09 148 B A= b 1B
Gomez—Escudero 25 18 3 5% JH 48 %5 K 12 2-DG % 7171 15
PKM2 J5 #E47 10148 A BOAH G S 36, 25 SR 6 W] PKM2 JT R
R ECs WM, PKM2 1572 5 3 A= 48 /9 R 5,
TUEAH PKM2 J2 4 P ARSI A4S 37 A BT b 7 14, ThT X — 1
FEEE ST ATP (7545 ECs SRR IAY,
X—4518 5 Z AT B 9T — B0, BITE AR S A/ R
PKM2 UL ER A B A0 B, /)N BB 0 I 4 28 I 45 Bk
Ff, PKM2 J2& Warburg R (9 OGS 45 N 7 2 — | B s if
SEZE M i VEGF 35 509 HUVECs FOBEBE i | % I
WAER A B0 A /E |, F22 75 (resveratrol, RST)
WL ECs T Exk1/2 BEFR LA 519 PKM2 % 55 (i K4
AT SER AR, O — A A AR A X TR PRM2
B SRR I it | B R ok SRR A0 B 1 A
9™ EGFR Rk PKM2 {2 i PKM2 — Bk IF 56 7
AN A 0 I R EAER, A c—Mye & cyclin
D1 5k, JE 1 42 0 A 420N e e R0 400 it ) 300 Aoy ot e 7
R, PKM2 A LU g iy PK VEF S 508 3 4R 1
SELC A T, 2R AT 5 B A B o e R A
FH A28 i 45 A B

3.2 PKM2 Bt B Z 2242 5 DR it E

3.2.1 PKM2 X BZ A RIERMER  WREAY
O T Al 35 AR IR A R 22 b 2 P S, 2 R R R
JRAZ AR T 0, B IS OUFT 20 RO 2, A PR
T FEAR Y, HOB IR AZ 28 AN A S0 15 R 7, 75 22 RPE
ML e A, S T AR R, BT E R
T ) SR 2T T A, T N B R R VR T R
TR A T T O 20 B A A7 105 2 AN T /D B 1238 B ) 7
S B AR P T E B E B R R, T
B L A A A 0 A Sk B I e A T L P Y
PKM2 = Z LA TOIRZ 28 BT FAR IR Z Y #E AR
W B R PKM2 A 5 19 A S0 T2 i AN A3 A 40 4 16 B i,
77 Ly &40 6 5 %0 0 0 57 A By T R AR A R S el A A A
FR BRI S IO 440 i 1 F 5 2R W, PKM2 7
FEAR DR 20 B rP 02 3222 A B, AR AR AR R 28
VRS EROG 4i SO 41 ) D) RE RN A 6 R & 5
e,

B22PKM2 B AT HEZREMES 5 DR iR
DR 3l # LA AT HERL 0 L R 2 0 B 0 o
JEIRZ ZRANMBET AL ) T R I R R R 7 DR o,
BE2 2 I UE 2 RPE 40 i 22 18] 1) 5% % 3 5 A Rl s
it , 5 S I A 0 S A 5 B A O, S UM B IR, TR
AT, PKM2 1 Ry — Floow e it 1, & FE AR VE T, =
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TP R Y T R OB R b A AR S o S
WARR M, 5 ERZ A NGBV, 7F EE R
PKM2 4L, ML-265 AlHE: PK i PR £ & 2] 50Kk
PKM 1 A9 f4 4 AR 25 59 K- B 58 A B2 ) 3 3 Bl s 4 s
B ML-265 73 55 2K BRI , A 661W 4EJE 41 jft, & 3
ML-265 W] LA7E 4 ML ER 5 b3 i PK & M, DT R 3k 'k
ZA AT Qi AR RS K PR, PR A1 R A R b
23 2 B Ak 1 RG0S BRUEF /N BR S 3R A R 40 i
PKM2 PU SRR (7 BRI M, PKM2 38005 T By 1 08 b s e
B /INERI S TR T R 65 (O R . DR, W PR SR 3
LT F BT RE 2 B TR 51 PKM2 (19 PK 3 14 7K -
B A, PKM2 38 BA B HE A, Rajala 5517 45
S0 b R BRATIR A0 R aZ 2 P Y PRM2,, %2 BLATIR 41
W PKMI AR AR 3G I, PR SM 3 #r th 36 B PKM2 RERE
PR EIR — RS 6B ( phosphodiesterase 6B ,Pde6p) Ji 3l T
P ALSE DI RE R FE SR M, 2 5 IAAOLIRZ AR TI 58, A
LA PKM2 (R AN 54 58 75 D B8 vT RE A Bh T =
25 AL ) BE NS 7, I AR AT AL O 28 LR 5T R
PKM2 7EAE 4 M 1A BT & 2B 2, AR
EATHIE # Th BE A S R4 AN i 25 4, 2w BF AT IR
i, PKM2 76 g b & FE A AR E R, o T i — 25
W3¢ PKM2 7£ DR B IATAE SR A, Rajala 261 R H
FLARE N 2 TROBE R 26 LAY /N R | % B PKM2 63k
REARK T PKM1 235 RAE | R L4 PKM1 78 PKM2 7KF-f#
RIS AR P 1 2 W] 2 db/db /N BB MBS rf PR3 PR T
TR IR e T BT 2 BTN AE 0 B GBS ( retinal
detachment , RD ) H7 , #1L ] B AR 350 25 1B IR &k s i = | 78
HEAATERI ST, 2 S 8 PKM2 14 1 42 R i 1R 1L P AT
M S T PK &M, AT R (2 #F 2 i AR R ATP /Y9772
PAB IR A0 MEFET -, 17 [ WA B 4 PKM2 PREEBE IR 1L T
b FARTE RS, AR TR AZ A O AE TR . A0 0 JIEE 5t 25 1)
IHLAE 9 DR ARG 2 Bl 2 — | PKM2 18 i A 35 K AR 40 g
YEFIZ 5 DR ik, SR, JLHL A i /R B 4 75 22 it
— 5T, PKM2 AT REFEMIGST DR A — AL,
4 REERE

HHEXF PKM2 25 DR 5T E 2 £ T2
AT, IR SRR TOCIRZ AR R R R B O
B, AITE D, DR 2 RS s s 5 | A SO A O &
i, FFEE IR 15 W K A T 148 AR B SR AE TE DR 1905 B8
PU P 2 SR ECs 76 I A2 LA AN 40 B b % 4
FEAE Ok B 2 1 UE 4 R B, ECs R B A% 7E DR 119
KR BESRPREEENEN, T4k, PKM2 7R
995 B 9 S R AE MR T I VE FH A2 B2 G . AT IR,
PKM2 AT DL i A 3 A0 AR AR T2 5 9 Kz 20 M 2 O &
ZAS MM DIRE . ORI R, [ MR EAZ 2R 7E DR
HZERE H SRS AR S AT R T I, X —VE R T R
I It 3 e R T A Y DG B A 1% HK2 R0 PKM2 SE 81
B, SR B R g L S T Bk — 2 g, Hoan, X T
PKM2 i@ 1t N 40125 DR A S BF 58 10 76 18 2 [ Bt
WSS BUER Y STEAP4 7] LA HIF- 1o/ PKM2 {5 518
R AT e IR 35 S 0 R L L A P R 4N B R O T
VEGFA 1E} HIF- 1o B HE 43, [] B o 2 0l 48 A AR Y
S T BFSE R, PKM2/HIF - 1o 1F J2 158 38 8% 75 i



Int Eye Sci, Vol.22, No.2 Feb. 2022 http .//ies.ijo.cn
Tel.029-82245172 85263940 Email.1J0.2000@163.com

o B LA A I R v A AR T B v A LA A
DR FP A9 LA A S AR, 3 3R B B A S 1 A A, TR
FATIE I PKM2/HIF- 1o AIBEFE DR (9 15 A2 i i
PR AR LR AR A AL b (A5 2k — 2P 4R
I, PKM2 J& /5 23 il i 2 5 148 T AR 78 DR ik Jig vh & 4%
HEAE ] SOH AR B LR (A 3k — 25 2R T
WARWEFE, X T DR B2 W FG 7 B — & i 46 &
B,

SE

1 Duh EJ, Sun JK, Sttt AW. Diabetic retinopathy: current
understanding, mechanisms, and treatment strategies. JCI Insight 2017 ;2
(14) :€93751

2 Wong TY, Cheung CM, Larsen M, et al. Diabetic retinopathy. Nat Rev
Dis Primers 2016;2:16012

3 Supabphol S, Seubwai W, Wongkham S, et al. High glucose; an
emerging association between diabetes mellitus and cancer progression. J
Mol Med (Berl) 2021;99(9) :1175-1193

4 Goémez — Escudero J, Clemente C, Garcia— Weber D, et al. PKM2
regulates endothelial cell junction dynamics and angiogenesis via ATP
production. Sci Rep 2019;9(1) ;15022

S Zhang Z, Deng X, Liu Y, et al. PKM2, function and expression and
regulation. Cell Biosci 2019;9.52

6 Apostolidi M, Vathiotis IA, Muthusamy V, et al. Targeting pyruvate
kinase M2 phosphorylation reverses aggressive cancer phenotypes. Cancer
Res 2021;81(16) :4346-4359

7 Alquraishi M, Puckett DL, Alani DS, et al. Pyruvate kinase M2 a
simple molecule with complex functions. Free Radic Biol Med 2019;143.
176-192

8 Kim B, Jang C, Dharaneeswaran H, et al. Endothelial pyruvate kinase
M2 maintains vascular integrity. J Clin Invest 2018;128( 10) :4543-4556
9 Shirai T, Nazarewicz RR, Wallis BB, et al. The glycolytic enzyme
PKM2 bridges metabolic and inflammatory dysfunction in coronary artery
disease. J Exp Med 2016;213.337-354

10 Wang Y, Liu J, Jin X, et al. O-GlcNAcylation destabilizes the active
tetrameric PKM2 to promote the Warburg effect. PNAS 2017;114(52) .
13732-13737

11 Alves - Filho JC, Palsson — Mcdermott EM. Pyruvate kinase M2 a
potential target for regulating inflammation. Front Immunol 201637145
12 Yang P, Li Z, Fu R, et al. Pyruvate kinase M2 facilitates colon
cancer cell migration via the modulation of STAT3 signalling. Cell Signal
2014;26(9) :1853-1862

130520, IFFT, LM, S5 AR b M2 BY DN B R A Rk DI E
LAy, S H i (RS2 2017;44(2) :217-223

14 Hu K, Xu J, Fan K, et al. Nuclear accumulation of pyruvate kinase
M2 promotes liver regeneration via activation of signal transducer and
activator of transcription 3. Life Sct 2020;250.117561

15 Yang W, Zheng Y, Xia Y, et al. ERK1/2~dependent phosphorylation
and nuclear translocation of PKM2 promotes the Warburg effect. Nat Cell
Biol 2012;14:1295-1304

16 Wu H, He L, Shi J, et al. Resveratrol inhibits VEGF - induced
angiogenesis in human endothelial cells associated with suppression of
aerobic glycolysis via modulation of PKM2 nuclear translocation. Clin Exp
Pharmacol Physiol 2018;45(12) :1265-1273

17 Wang HJ, Hsieh YJ, Cheng WC, et al. JMJD5 regulates PKM2
nuclear translocation and reprograms HIF - la — mediated glucose
metabolism. PNAS 2014;111(1) :279-284

18 Zhang R, Shen M, Wu C, et al. HDAC8~-dependent deacetylation of

PKM2 directs nuclear localization and glycolysis to promote proliferation

in hepatocellular carcinoma. Cell Death Dis 2020;11(12) ;1036

19 Jidh, fRm, XIBEss, 45, R L mTORC2-PKM2 5 %5 i i
A B AT MMP - 1 9 33K, e RS 27 4l (B 27 i) 2020545
(3):305-313

20 Liang J, Cao R, Wang X, et al. Mitochondrial PKM2 regulates
oxidative stress—induced apoptosis by stabilizing Bel2. Cell Res 2017 ;27
(3):329-351

21 Liu L, Xu H, Zhao HY, et al. STEAP4 inhibits HIF - 1oo/PKM2
signaling and reduces high glucose—induced apoptosis of retinal vascular
endothelial cells. Diabetes Metab Syndr Obes; Targets Ther 2020; 13
2573-2582

22 Liu H, Takagaki Y, Kumagai A, et al. The PKM2 activator TEPP-46
suppresses kidney fibrosis via inhibition of the EMT program and aberrant
glycolysis associated with suppression of HIF — la accumulation. J
Diabetes Investig 2021;12(5) :697-709

23 Li L, Tang L, Yang XP, et al. Gene regulatory effect of pyruvate
kinase M2 is involved in renal inflammation in type 2 diabetic
nephropathy. Exp Clin Endocrinol Diabetes 2020;128(9) :599-606

24 Azoitei N, Becher A, Steinestel K, et al. PKM2 promotes tumor
angiogenesis by regulating HIF — la through NF — kB activation. Mol
Cancer 2016;15.3

25 Zhang W, Zhang X, Huang S, et al. FOXM1D potentiates PKM2—
mediated tumor glycolysis and angiogenesis. Mol Oncol 2021;15(5)
1466-1485

26 Zeng Y, Cui Z, Liu J, et al. MicroRNA~-29b~-3p promotes human
retinal microvascular endothelial cell apoptosis via blocking SIRT1 in
diabetic retinopathy. Front Physiol 2019;10,1621

27 Mugisho OO, Green CR, Kho DT, et al. The inflammasome pathway
is amplified and perpetuated in an autocrine manner through connexin43
hemichannel mediated ATP release. Biochim Biophys Acta Gen Subj
2018;1862(3) :385-393

28 Wang W, Lo A. Diabetic retinopathy ; pathophysiology and treatments.
Int J Mol Sci 2018;19(6) :1816

29 Xuan Q, Ouyang Y, Wang Y, et al. Multiplatform metabolomics
reveals novel serum metabolite biomarkers in diabetic retinopathy
subjects. Adv Sct ( Weinh) 2020;7(22) :2001714

30 Gardner TW, Antonetti DA, Barber AJ, et al. Diabetic retinopathy :
more than meets the eye. Surv Ophthalmol 2002 ;47 .S253-S262

31 Roy S, Kern TS, Song B, et al. Mechanistic insights into pathological
changes in the diabetic retina: implications for targeting diabetic
retinopathy. Am J Pathol 2017;187(1) :9-19

32 Park DY, Lee J, Kim J, et al. Plastic roles of pericytes in the blood—
retinal barrier. Nat Commun 2017 ;815296

33 Zhang P, Zhou YD, Tan Y, et al. Protective effects of piperine on the
retina of mice with streptozotocin—induced diabetes by suppressing HIF-
1/VEGFA pathway and promoting PEDF expression. Int J Ophthalmol
2021;14(5) :656-665

34 Shao J, Yao Y. Transthyretin represses neovascularization in diabetic
retinopathy. Mol Vis 2016;22.1188-1197

35 Hu L, Lv X, Li D, et al. The anti—angiogenesis role of FBXW7 in
diabetic retinopathy by facilitating the ubiquitination degradation of ¢—
Myc to orchestrate the HDAC2. J Cell Mol Med 2021;25(4) :2190-2202
36 Zhang D, Lv FL, Wang GH. Effects of HIF — la on diabetic
retinopathy angiogenesis and VEGF expression. Eur Rev Med Pharmacol
Sci 2018;22(16) :5071-5076

37 Lu Q, Lu P, Chen W, et al. ANGPTL-4 induces diabetic retinal
inflammation by activating Profilin—1. Exp Eye Res 2018;166:140—-150

38 Eshaq RS, Aldalati AMZ, Alexander JS, et al. Diabetic retinopathy;

253



EiRRRIZE 2022F 28 2% F28H
B335 : 029- 82245172 85263940

http://ies.ijo.cn
BB F{5%8:1J0.2000@ 163.com

breaking the barrier. Pathophysiology 2017;24(4) ;229-241

39 Frank RN. Diabetic retinopathy. N Engl J Med 2004 ;350( 1) .48-58
40 Trotta MC, Maisto R, Guida F, et al. The activation of retinal HCA2
receptors by systemic beta — hydroxybutyrate inhibits diabetic retinal
damage through reduction of endoplasmic reticulum stress and the NLRP3
inflammasome. PLoS One 2019;14(1) :e0211005

41 Gui F, You Z, Fu S, et al. Endothelial dysfunction in diabetic
retinopathy. Front Endocrinol ( Lausanne) 2020;11.591

42 Li XR, Sun XD, Carmeliet P. Hallmarks of endothelial cell
metabolism in health and disease. Cell Metab 2019;30(3) .:414-433

43 Ames A, Li YY, Heher EC, et al. Energy metabolism of rabbit retina
as related to function; high cost of Na” transport. J Neurosci 1992; 12
(3).840-853

44 Siragusa M, Thole J, Bibli SI, et al. Nitric oxide maintains
endothelial redox homeostasis through PKM2 inhibition. EMBO J 2019;
38(17) :e100938

45 Stone OA, El-Brolosy M, Wilhelm K, et al. Loss of pyruvate kinase
M2 limits growth and triggers innate immune signaling in endothelial
cells. Nat Commun 2018;9(1) :4077

46 Kim B, Li J, Jang C, et al. Glutamine fuels proliferation but not
migration of endothelial cells. EMBO J 2017;36(16) :2321-2333

47 %4, SIRT6 i@l i CDK4-CCND1 &4 A Ja 42 R AR BOh;. P Rg K
% 2017

48 Prakasam G, Igbal MA, Bamezai RNK, et al. Posttranslational
modifications of pyruvate kinase M2 tweaks that benefit cancer. Front
Oncol 2018;8:22

49 Siddiqui FA, Prakasam G, Chattopadhyay S, et al. Curcumin
decreases Warburg effect in cancer cells by down —regulating pyruvate
kinase M2 via mTOR-HIFla inhibition. Sci Rep 2018;8( 1) :8323

50 Jiang H, Zou Y, Zhao J, et al. Pyruvate kinase M2 mediates
glycolysis in the lymphatic endothelial cells and promotes the progression
of lymphatic malformations. Am J Pathol 2021;191(1) :204-215

51 Zhu M, Liu X, Wang Y, et al. YAP via interacting with STAT3
regulates VEGF — induced angiogenesis in human retinal microvascular
endothelial cells. Exp Cell Res 2018;373(1-2) :155-163

52 Eelen G, de Zeeuw P, Simons M, et al. Endothelial cell metabolism
in normal and diseased vasculature. Circ Res 2015;116(7) :1231-1244

53 Bock KD, Georgiadou M, Carmeliet P. Role of endothelial cell
metabolism in vessel sprouting. Cell Metab 2013;18(5) :634-647

54 Zhang AK, Yu FF, Yu WD, et al. Pyruvate kinase M2 activation

254

protects against the proliferation and migration of pulmonary artery smooth
muscle cells. Cell Tissue Res 2020;382(3) :585-598

55 Li L, Zhang Y, Qiao J, et al. Pyruvate kinase M2 in blood circulation
facilitates tumor growth by promoting angiogenesis. J Biol Chem 2014
289(37) :25812-25821

56 Ren R, Guo J, Shi J, et al. PKM2 regulates angiogenesis of VR—
EPCs through modulating glycolysis, mitochondrial fission, and fusion. J
Cell Physiol 2020;235(9) :6204-6217

57 Fitzgerald G, Soro— Arnaiz I, De Bock K. The Warburg effect in
endothelial cells and its potential as an anti—angiogenic target in cancer.
Front Cell Dev Biol 2018 ;6100

58 Jo DH, Yun JH, Cho CS, et al. Interaction between microglia and
retinal pigment epithelial cells determines the integrity of outer blood —
retinal barrier in diabetic retinopathy. Glia 2019;67(2) :321-331

59 Ng SK, Wood JP, Chidlow G, et al. Cancer—like metabolism of the
mammalian retina. Clin Exp Ophthalmol 2015;43(4) :367-376

60 Rajala A, Wang Y, Soni K, et al. Pyruvate kinase M2 isoform
deletion in cone photoreceptors results in age—related cone degeneration.
Cell Death Dis 2018;9(7) .737

61 Lindsay KJ, Du J, Sloat SR, et al. Pyruvate kinase and aspartate —
glutamate carrier distributions reveal key metabolic links between neurons
and glia in retina. PNAS 2014;111(43) :15579-15584

62 Rajala A, Soni K, Rajala RVS. Metabolic and non—metabolic roles of
pyruvate kinase M2 isoform in diabetic retinopathy. Sci Rep 2020;10(1) .
1-12

63 Jackson GR, Barber AJ. Visual dysfunction associated with diabetic
retinopathy. Curr Diab Rep 2010;10(5) :380-384

64 Wubben TJ, Pawar M, Weh E, et al. Small molecule activation of
metabolic enzyme pyruvate kinase muscle isozyme 2, PKM2, circumvents
photoreceptor apoptosis. Sci Rep 2020;10:2990

65 Luo WB, Semenza GL. Emerging roles of PKM2 in cell metabolism
and cancer progression. Trends Endocrinol Metab 2012;23(11) :560-566
66 Qi W, Keenan HA, Li Q, et al. Pyruvate kinase M2 activation may
protect against the progression of diabetic glomerular pathology and
mitochondrial dysfunction. Nat Med 2017 ;23(6) ;753762

67 Rajala A, Wang Y, Brush RS, et al. Pyruvate kinase M2 regulates
photoreceptor structure, function, and viability. Cell Death Dis 201839
(2):240

68 Xiao J, Yao J, Jia L, et al. Autophagy activation and photoreceptor
survival in retinal detachment. Exp Eye Res 2021;205 108492



