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HEEE W)

HE BB BT ASEH Rel (GRgl) 8 i3 18 15 75 B R i
fitf M2 ( PKM2) A9 2 35 % A 0 58 £ if 48 P9 5 4l i
(HRMECs) ¥EBEMR (52, FTik  FEMRSME SR HRMECs ¥
oy Jyxt A (NC) 41 | = # A8 (HG) 4 .HG + AZ B H
Rel (HG + GRgl) 41 . HG + A2 B Rel + fkFik PKM2
(HG + GRgl + si-PKM2) 41 HG + AZ R4 Rgl + i F ik
PKM2 ( HG + GRgl + OE-PKM2) 41, si-PKM2 , OE-PKM2 3@ iz
SR e 7 S Y 2 HRMECs 1, 2% JH qRT-PCR 12 46 1
HRMECs H' PKM2 mRNA B 3RiX1& L ; B i Western blot £
I HRMECs " AHSCEE [ 3A i AR 0 8 W B T WS 40 i
MRHME I b B, D) T A T A BE D 5 AR A AR AN P
FEVL, 53 590 AT A ARG S 700 e L ARG 0 7R 6 e I
K =R ( ATP) Rt ok D A A i B i | LR =
DI ATP S, 858 HGC F 52 B8N HRMECs 19 1M
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B s ke skt A

bal AR SRR, T S

23 DR rpORr I L PN R R B M2 ( pyru-
vate kinase M2, PKM2 ) J& 4 I fiff A< g A5 B 11%) PR 3
Tity , T e A R A i X P T PR R T RE B, S A A
PEAA R ZEAFD, Liu et al'® #2365 545 B (high
glucose , HG ) A] 375 53 A I JBE AR 1AL /6 P B &4 Y ( -
man retinal microvascular endothelial cells, HRMECs)
H PKM2 A3, i) PKM2 J& n] 8t 5 HG i
S/ HRMECs #4 MPHT-, A2 B Rel (ginsen-
oside Rgl ,GRgl) J& NS Hh i) —Fp £ BT, FEM IR
93 T LA BN A OB TR D fEAE DR
BEA DG T GRel 2 75 3 3k I A 2 A ool R 52 I 5
TERRIE . FI, IZ 05T B R R 1T GRgl 38 i 14
£ PKM2 1Y 335%F HRMECs AT IR 5200

1 HREFE

1.1 ZREsk R EZRF ARG A P K 2n
i HRMECs ( b g3 A= ) B A R 2 Al 5 Lipo-
fectamine ™M2000 % 4% iR 7 & . TRIzol i 7 . Western
blot 3 5l & ( 32 [ Thermo Fisher 2% Al ) ; Qiagen
RNeasy mini 0] & (] NMES AR RA D) 5
PrimeScript RT WA & (b B AT B A R A
A ) 5 2 AR ) R ATP AR & (AR TR
Yy TR A A BRA T 5 FLIR & A6 150 & (b st
FRFERHEABRA D) ;M N B K F (vascular
endothelial growth factor, VEGF) | L& 4 i -1 (an-
giopoietin-1 , Ang-1) | Ifil. /& 4= %, & -2 ( angiopoietin-2 ,
Ang-2) | JB 4T 4E 40 i A= 4 KL 2 (fibroblast growth
factor2 ,FGF2) Fl GAPDH ( 3 [E Abcam 7\ #) ) ; ECs
B R AL (PGS P AR A BR A R )

1.2 HREFRESL HRMECs 7£5H 5%
ML ( fetal bovine serum, FBS) 1% T & R/ 55 &
1% ECs A= HF 19 HRMECs $5 5 #E ECs 3557
HehiESR, BT AR 37 C 5% CO, HEFRAH
Bigeo B2 d H¥R—YOGIRAL, EE AT
(AR E R 5 mmol/L, HG £5F T 17 %5 i vk
2 25 mmol/L, ZHMI7E HG 514 T 55 5% 48 h Ji i
A 10 wmol/L GRgl , 4kZ2 15 3% 48 h MHAT)5 LS8,
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FPE Lipofectamine 2000 %% 4 i 5] &5 156 BH 4 BH 4 %)
HRHI(NC) 15 PKM2 (/T4 RNA (si-PKM2) il
123K PKM2 (OE-PKM2) B 50k % Y 2 HRMECs
1.3 ¢RT-PCR # il HRMECs H PKM2 mRNA
RIRIETER WS AN, TRIzol 371 2 H
AR RNA, AR 35 PrimeScript RT 257 &5 06 BR: 1
e H RNA ¥ % 5% 4 i cDNA, L GAPDH F %,
PEATAE R PCR SR, ISR 2 :ddH,0 7 pl,SYBR
Green PCR Master Mix 10 wl,cDNA 2 pl, L5149
0.5 pl, FiF5149 0.5 pl, B4k R 3L 20 pwl, PCR X
W AN N 295 CFAETE 10 min, SRJ5 3 40,95 °C
PE15 5,60 °C iRk 30 s, 345 NMER, 5195
WEIL,

&1 575
M4 K5 (5'37)
PKM2 F: 5'-GGAAGATCTGTAGTCCTGTCTGTTGGTCAG-3'

R: 5'-CCCAAGCTTCCTGAAGAACTGCTTCCGCC-3’
PKM2-siRNA  sense: 5'-UGCCAUCUACCACUUGCAATT-3'
anti-sense: 5'-UUGCAAGUGGUAGAUGGCATT-3’
F. 5'-GCTTCGGCAGCACATATACTAAAAT-3’
R: 5'-CGCTTCACGAATTTGCGTGTCAT-3’

GAPDH

1.4 Western blot #:i1) HRMECs X ZE QKA
2 [ RIPA 22 vh i 24 20 L, BCA 85 FH A I
RGBT TR B, SR 5 28 381 - — doe JL At R 4
— RV TR e B Fe P VA R e b 55 RS 31 SR s —
O WIS 5% BEAS WK (0 35 1A 2% b
Wb B IETE 4 °C TR A 3 R R A — Bt
(VEGF,1 : 10 000; Ang-1,1 : 10 000; Ang-2,1 :
5000;FGF2,1 : 1 000; GAPDH,1 : 2 500) , % {5 0%
A2 h, REESHE FEES HRP fmic i) ZPiEE
1 h,ECL B, B A5 R GG 5307, [ Image)
AT HATE A BN A R E
1.5 IMmEF LN HRMECs Il & 7 5 &8
¥ Matrigel (90 wl) ¥ %) 24 LA P, 76 37 C Rl
£k 30 min, ¥ HRMECs LA%FFL 1. 2 x 10° A2t 1) 2%
PER AP 2] Matrigel 087 A9 FL TS, F 100% 12 )& 37
C 5% CO, M EFRA TR FR 6 h RGeS 2
Tl T SRS s A A SR 40 BE, fH Tmage
Pro Plus #X/F 20 A 1 840 B A Matrigel /N TE B 1
B, DU AR 45 T8 i he
1.6 HRMECs FEEEERNEMARTE WUE
AR B0 N, BRI RIEW, I AE 5 x
10° A2, A 100wl ZE48 K, 68 75 I 1 1 4 g
(UK, DI 200 W, #8775 3 s, [A1B@ 10 s, A 30

%) ,95 C/KIE 10 min, & #H15,25 °C .10 600 r/min
B30 10 min, B IE W A5 H 5 B AR FBAA 30 min L
4 B TA S A A I A SR AR 2 2 A
PRI, [RIRE e BECPL IR B A I3t 7 8 1 B
PRI LR

1.7 HRMECs f ATP &2 WES A4, fdl
W 5 x 10° A4, I 100 wl $EEUH, VKA T8
FEPEAERE 1 min,4 °C .11 818 r/min B> 10 min, B
FIERER LS A 500 wl D B =
TR27,4 °C 11 818 t/min .0 3 min, BUEIHH, B K
AR MR R B I SN YRR A il A
340 nm P AL B G2 B (optical density, OD) {8, #2
P AT B R S A% A = BE R (adenosine triphos-
phate , ATP) & 1,

1.8 Sit=IE AW EDIAT 3 AL,
BT B R FHPSAME + bR IR 22 (x £ 5) 2o, 1]
GraphPad Prism 7. 0 #4647 508 0 AT F 1 i 4H
() FEAE R FH ¢ Rz 36, 22 AT B 35 R FH B IR 28 22 47
Br,P <0.05 RRZFAGIFE L,

2 R

2.1 GRgl %] HRMECs MZF A Western blot
R Z5 5 R, 5 NC 448, HG 418 VEGF |
Ang-1 Ang-2 FGF2 (3R KFEHE5E | 28 GRgl Ab B
J& ,VEGF , Ang-1 ., Ang-2  FGF2 {51k F & (P <
0.05) , WLIE 1A ; [F]EF53 A ALEF N Matrigel /NETE WL
AR, 45 R 5 NC 240 MAR L, HG 25 20 i 1fi.
EIMECRERZ (P <0.01) 1M GRgl AL HG 5%
() HRMECs Ji5 , Fo il B8 ik it > (P <0.05) , I
Kl 1B,

2.2 GRgl ##l HG FSH HRMECs BB /&
HG AYALBETR , HRMECs X 4 4 1% A4 $5 B = T NC
(P <0.001), HFLBRFN ATP Pt T NC 41 (P
<0.001) ; il GRgl AbH HG ZH40M)5 , 5 HG 414
LY, &4 6T 6 265 0 1) 46 O 2 (P < 0.01) , FLIR J&
ATP =i 5 HG 4 L BEAIR (P <0.01) , WL 2,
2.3 GRgl i# HRMECs §1 PKM2 &i& ¢RT-
PCR #0045 5 7~ , HG 2040 8 PKM2 mRNA #Y 3
IEHETN(P <0.001) , 7F GRgl 4bFHJ5 , PKM2 mRNA
MIEEBI T (P <0.01), JLE 3A; Western blot
Rl HRMECs #3355 & 31, PKM2 7 HG 41 1)
FIRE T NC 41(P <0.01), M4 GRgl ZL¥EJ5, H
£ HRMECs 1) ZRikBE(IR (P <0.05) , L& 3B,
2.4 GRgl EiTiF#EE PKM2 B3R i%E 2> HRMECs
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A NC4l  HG4L  HG+GRgl4l 20 r CINC4l
A NGl
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15}
By
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Ang-2 e 10}
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FGF2 Z 5l
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0
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I 300
4 A
=
4

NCZ4l HGZ HG+GRgl4l

Bl 1 GRgl #%] HRMECs 11 & 5
A:GRgl 4b3HJ5 HRMECs HYFHSEME 1 R IA M B: GRgl ALBH 5 HRMECs A9 ML A2 BUIH I x 2005 5 NC 41 HE#: * P <0.05,* * P <0.01; 5
HG A 5. 4 P <0.05
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(umol/10°41]
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FLERIK

2 GRgl 1l HG %5/ HRMECs ¥EEf#
A:GRgl 4LPEJ5 HRMECs 17 4 B4 U ; B: GRel AL FJ5 HRMECs HYFLAR ™ & C: GRgl AL¥HJ5 HRMEGs B FLAR ™ &, 55 NC 41k
B .* P <0.001; 5 HG 4%, 22 P <0.01

B
A 251 1.5 -
3k * %k
+< -
HE;J 20r - NC#4l  HG4l HG+GRgl4l E | A
ah I 1.0 ¢
1.5 PKM2 i
N N
2 10l GAPDH 2
A ~ 05}
2 z
Z 05t =
0 0
NC4H  HG#H HG+GRglH NCZ4l HG4l HG+GRgl4l

3 GRgl i@ HRMECs Fkix
A:GRgl Zb#EXT HRMECs 1 PKM2 mRNA 3351520 ; B : Western blot £ l] HRMECs /1 PKM2 933k ; 5 NC 4l Hb#. * * P<0.01," " " P<
0.001; 5 HG 4 HL%¢: P <0.05,4% P <0.01

PERERRIMAIME AR  qRT-PCR K si-PKM2 Fl PKM2 J7, ik &7 (P <0.001) , WKl 4B, &
OE-PKM2 HOFEYLssR 4E R R 5 YL si-PKM2 5, A 20 W 2 b o2 A %o 4 2 40 A M T ot AR T
HFELBEEM(P <0.001), WK 44, Y OE- LI, 5 HG + GRgl 414 Lt , HG + GRgl + OE-PKM2
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2 4 L 1 A R B i LR A ATP = B T (P
<0.05 5 P <0.01),1M HG + GRgl + si-PKM2 ZH i
I %) R 2 4 B LR AN ATP PR H R AR (P <
0.01), WE 4C4E, Kl HRMECs " AHIGHE ik
45K 4F, 78 HG + GRgl + OE-PKM2 #4141 Jifd
1 VEGF ,Ang-1 , Ang2 FGF2 fyR k8 T HG +
GRgl 41 (P <0.05),HG + GRgl + si-PKM2 £ ) 2&
AR AR (P <0.05 2% P <0.01) , )5,
o 148 B B S 5 ik — 2P B ik, HG + GRgl + OE-
PKM2 ZH 4 1 i 3 A= i3 & 22 T HG + GRel 4
(P <0.01) 1 HG + GRgl + si-PKM2 20 Y I35 TE A
it b HG + GRgl 4HIs> (P <0.05) , WA 4G,

it

DR 119 & J&& 5 i I8 AH 5C , < 1 1 =5 100 1 4%
AR BRI A8 PN B, 5 D — R AR IS 22, ANk
MR B A I | B A 4 A L 2 0 I s
AT BB A 1A B A A & DR AR AN A 3 2 B A 32 728
JRR 38 m S S T 9 HRMECs iF 75T, AT
PLR L HG FREEAT LA S HRMECs B9 I8 A2 A%

GRgl RAS ) EEEMW R 2 —, HA T
R PUEA G AEY S 2R HIEMT S Zha et
al ' 3B GRgl ] LAVEAR HG 75 5 1 A Bk ECs

3
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=05 s 4 S
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E = 25 F
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N 20
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£ 10 Ang-2
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Bt D) BE B 1% 5 Ying et al®! 8 GRgl i i P T
IRS-1/Akt/GSK3B 15 5 1& T, 47 i JE W iR 1k Tau
5 (R R 9 R0 I J o 22 A5 M BH AR DR AR JE
AT 41, GRgl AT fEAE DR Y I 0% 728 v & 454
FHo PKM2 78 it A R & W% m i Al i b 1 3%
SE I R L O R
PKM2 [ Y 2 {430 7 55 15 5 4 b ATP 197 A= Rt
FEf IR R B o AR i et HArE A oF
g3 R W] PRKM2 76 Bl & A 45 O i A A v B
AR 0 A R AE . AN, PKM2 B 2 5 iE
S22 598 DR # HRMECs B4 T F L fE

El [4]

e
o AABFSELE B R HG 23 HRMECGs J5 7] |
Jd PKM2 ik, PKM2 ik gl f5 nl /> HG 5%
FRVARE B fife 11 1AL 45 2 1, GRgl AT HG 5 $ 1Y
PKM2 A THi , 3 PKM2 55 Ao BH I A i 72, ik
M HG 75519 AT B

DR 1R IRHLTIAALSZ Z2 0 R 238 1 A 17 45
155200 R 400 A 5 R TR YT, £Cs 114 R A AR AR 1
WA ECs 395 1T F FUBT L TE B AE DR B9 IR
BT A I P Pt & B AET . Feng et
al " A ZT I 30 g A0 O A /)N B B B A P
5t PFKFB3 AY/NT40 RNA AT DA /A e fie , 7 L
0T Mk 2% FE R AR 9 B ECs B A 1L 4 T Y Pedro

D 4
@ skoksk
# pugy==t 3
AN :[,éo\o #H#
# B 2 N
= 2 #h
[17e Hilin
= L
c d e a b c d
a
d e ”_IEH 20 b
"#\é L5, %y 4 wx # ¢
~ I A *k N d
—EZD 1.0 w O . # e
10 0.5
el
VEGF Ang-1 Ang-2 FGF2
40

:é 300

\\ 200
*{““ 100 ﬂ ﬂ
€

El4 GRgl @i iE#E PKM2 B3R5 E D> HRMECs #EE R $) I &7 5

A qRT-PCR #5i0 si-PKM2 Y% 4t

% % ; B: qRT-PCR ¥l OE-PKM2 1) 5% 4

R C, 45 41 HRMECs A9 7 45 5 32 BU & ; D : 45 41 HRMEC-

sHRMECs YFLRRE it E . 4541 HRMECs A ATP j= i F. 4540 HRMECs (98 13635 ;G . 440 HRMECs BI85 Az B 5 x 200;a: NC 4 ;b HG
41;c:HG + RGgl 41;d; HG + RGgl + OE-PKM2 41;e: HG + RGgl + si-PKM2 41; 5 si-NC 41 L4, 444 P <0.001; 5 OE-NC 41 1b%:. VYV P <

0.001;5 NC 4l H# . * * P<0.01," "

*P<0.001;5 HG 41 1L# .2 P <0.05,2% P <0.01;'5 HG + RGgl ZHIL%:.*P <0.05,"P <0.01
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Ginsenoside RG1 regulates pyruvate kinase M2 on glycolysis and

angiogenesis of retinal capillary endothelial cells
Xue Liping', Hu Min ', Li Yadi', Zhang Xiaofan', Zhang Jieying', Zhou Yuan',
Liang Jiarui', Zhang Chuanhong', Ding Peng’
('Dept of Pediatric Ophthalmology , Affiliated Hospital of Yunnan University, Kunming 650000 ;
*Dept of Neurosurgery, The First Affiliated Hospital of Kunming Medical University, Kunming 650000)

Abstract Objective

thelial cells (HRMECs) glycolysis by regulating pyruvate kinase M2 ( PKM2) expression. Methods

To investigate the effect of ginsenoside Rgl (GRgl) on human retinal microvascular endo-

HRMECs

were cultured in vitro and divided into normal control (NC) group, high glucose (HG) group, high glucose + gin-

senoside Rgl (HG + GRgl ) group, high glucose + ginsenoside Rgl + low expression PKM2 ( HG + GRgl + si-
PKM2) group, and high glucose + ginsenoside Rgl + overexpression PKM2 ( HG + GRgl + OE-PKM2) group. si-
PKM2 and OE-PKM2 were transfected into HRMECs cells by cell transfection. The expression of PKM2 mRNA in
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HRMECs was detected by qRT-PCR. The expression levels of related proteins in HRMECs were detected by West-

ern blot. The number of lumen formation in vitro was observed under an inverted microscope to quantify the angio-

genesis ability. Cell culture medium of each group was collected, and glucose intake, lactate production and adeno-

sine triphosphate ( ATP) content were detected by glucose detection kit, lactate detection kit and ATP detection kit,

respectively. Results

HG induced HRMEC s significantly increased the number of blood vessel formation, glycoly-

sis and PKM2 expression, while GRgl treatment significantly reduced the number of blood vessel formation, glycol-

ysis and PKM2 expression; transfection of si-PKM2 assisted the inhibitory effect of GRgl on glycolysis and angio-

genesis while transfection of OE-PKM2 interfered with the function of GRgl. Conclusion GRgl inhibits angiogen-

esis by inhibiting PKM2 to reduce glycolysis of HRMECs.
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