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Research advancement in vascular endothelial cell metabolism
and tumor angiogenesis
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Abstract: Vascular endothelial cells play a major role in maintaining the oxygen and nutrient supply to all
tissues in the body. Endothelial cells, together with vascular endothelial growth factor, are also the driving forces
of tumor angiogenesis, a process describing the growth of blood vessels from the existing vasculature in tumor
tissues. Reprogramming of endothelial cell metabolism satisfied the needs for biomass and energy in the process of
tumor angiogenesis, which are known to involve the aspects of glucose metabolism, amino acid metabolism, and
fatty acid metabolism. Recently, with the increasing interest to understand the metabolic regulation in cancer, the
investigation into the metabolism of endothelial cells has made progress. We herein review the role of endothelial
cell metabolism in angiogenesis, with a particular focus on the metabolic regulation of endothelial cells in tumor
angiogenesis, which hopes to provide insights for the intervention of tumor angiogenesis in cancer therapy.
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Figure 1 Overview of metabolic pathways and their rate-limiting metabolic enzymes (red) in endothelial cells. HBP: Hexosamine biosyn-
thesis pathway; G6P: Glucose-6-phosphate; F6P: Fructose-6-phosphate; F1,6P,: Fructose-1,6-bisphosphate; F2,6P,: Fructose-2, 6-bisphos-

phate; 3PG: 3-Phosphoglycerate; GFAT1: Glutamine fructose-6-phosphate amino-transferase 1; UDP-GIcNAc: Uridine diphosphate N-

acetylglucosamine; PFKFB3: Phosphofructokinase-2/fructose-2,6-bisphosphatase isoform 3; PFK1: Phosphofructokinase-1; G6PD: Glucose-

6-phosphate dehydrogenase; Ox: Oxidative; PPP: Pentose phosphate pathway; PRPP: 5-Phosphoribosyl-1-pyrophosphate; Ribose-5P: Ribose-
5-phosphate; TK: Transketolase; TCA: Tricarboxylic acid; FAO: Fatty acid oxidation; GLUTL1: Glucose transporter 1; CPT1A: Carnitine
palmitoyl transferase 1A; GLS: Glutaminase; GDH: Glutamate dehydrogenase; a-KG: a-Ketoglutarate; Acetyl-CoA: Acetyl coenzyme A
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Figure 2 Metabolic pathways of endothelial cells in tumor angiogenesis. Three types of endothelial cells are involved in angiogenesis, tip
cells, stalk cells, and phalanx cells. Metabolic pathways are differentially involved in different types of vascular endothelial cells in tumor
angiogenesis. The migratory tip cells preferentially use glycolysis to produce adenosine triphosphate (ATP) while proliferative stalk cells
rely on fatty acid oxidation and glutamine metabolism for nucleotide synthesis and maintaining redox balance. Metabolic pathways, such as
glucose metabolism, amino acid metabolism, and fatty acid metabolism in endothelial cells, have different contributions to angiogenesis
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MARERAT. 5 F, $h R E b TCA
HH B A A 0T R R I DA 7 40T 7 2 2 I M L T
52 ) P 1 B A T X A A TR B B v ) P B
JfL AT e DAAS [8] 7 =8 0 AR R T R R A I e A i e
PO, A5 T R T A B e R LA P R 4 R T DA
FIFH A Z B AT 2 I A 0 IR BT, 1N R 400
1 26% 1 S S TR RIR T A 2 BE I, D& MR L2 2 i
A REERRTRYR . R, 2 25 T8 2 R
A EICEE, G TR, BN INRE 2 R T
DAY 7 200 L o A 7 2 T e e A SRR O,
3.3 BRAAERCE

S GE PR PN R 24 L RT R R 7 R ok 4 R TCA R 2R,
PASE P R 20 B A 3 T FE v MGk B A IR . A 0T
TR B, w B N R 40 B HR 1 R D IR AR A % B PR S i
CPTIAJfE AN 2 BN B 4 i i) g &k =, AN AR
HAMNE R AT, 12 2 PR BR M k& K, 32 1 31
il DNA & il o 383 [ A7 Z bR ic SE86 & B, Jig 1D R mT A
HEN TCATEI, 8 A R LRI R TR S 5 DNA

Ao F R CPTLA J BH WX — i 72 e B A% P 2 40 g
(1R A SR B ANTP fifh 4, A0 g BHL ek L 09 AR S, ot
A1, A IE 5T 2 WA I 7 R G s 2 40 ) fieb e of A
WA . SE R R A T FASN ) BRI ] A (orlistat) BT
DAIE 3o ek 1A 2 200 T I 07 TR 5 1~ PRI 1A e 4 L 7%
RE 77 LA B8 2% 1A 2 240 1D 338 5 o R 28 7 L6 A s P 28K
REE, DL EAESE BN, PRz 4 A AR 7 IR A RE B 75 T
308 S A0 o) e B I I A T A o PR AR KR A o [
I, 5T R B, A0 P R A 2 T P T T IR A% or T
(fatty acid translocase, FAT/CD36) (1) 3 fit th AJ 45 &% 10
il L7 7 AR U9, Bl i 2 T B TN T R AE N
2 it 1) % 3 AR S e A 8 ) L T AR, R TR A
IR R H
4 REBEERE

FRUE ST 4R AR I BE L O — AN 2 L 1 s,
B 9 A B 20 AR R 0t 5 B B Bl J LA A 52 BBk
B2 OCTE . AL T 0 R 48 B AR I A AR
PAK BTt e dt g o NI N IRCRE, N R 4l B AR
7 T e Sk T PR ARREAE A G R ARORSURE P A A, I A
TR AR A PN 2 4T YD 3 2 R SRR T AR I e A 144
FEMEE T DA K. LAk, Bl 5] 5 A 2
FEAR 5 R A TR A A 2 P 5 200 R £ )
KR, B TR G . N R 4R i DL AR
REAE RE A L B8 47 M3 B AR TR R 1Ak, AR T A
A AR R 255 T REAH DT I IR RRALE

T, NATTR PRz 4 A AR A R AT SR T 2 4 Y
TEAR R B B H IR b, 3R J5 R 40 5 24 (PR P B
A FFIRN IR o 450 2, S48 PN 50 IV 200 R ) 348 1X 3 )
AU RF 2SR FENLE N B 48 A 5 At 2 7Y 4 AR
W AZ HL 52 B H A3 AL S PR A ST B R S v AR
WHRFAIE SRR &5 o 0F P R 20 B AR PRI IR AT 5
BB —DURN T R R 40 M AR TE (08 37 A S i A
HH IR I5 95 T 473 8 1) 1

LA 3BT A2 2 8 B AR I 2 —, 40 1 fe g ot A 3 A
e E PN AENS . K40 ZEPUME A M2
VIt AR P T L A BUE S R A, B R I
BN R A KR T VEGF BRI & Y HE 1) 25 4 DLAK B ¢
(bevacizumab). &7 J& & JE (sunitinib) DL Jz Bi] A 7
(aflibercept). EARTENGIR FHUAS TR KRR, (H 21
AEAEFEVE R G i 2555 1) JRBY, 3 SR AFF TR A, P9 K2 48
L F AR PR 75 A0 i 5 P R A K DR RSO T 1 A
A el R [ 45 ST R Jn) A R W A A
ity PFKFB3 ) 11 il 771 55 A2 i R V6 97 BUAS- ] 28 B
RO, AR, R 2 T TR I, B A AR I N R
A AR A PR 2T R I B T ). R IR Y
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J3 240 LM P T8 TR 5 1A B L AR 2 S ORI 9T
R B BT L A 5 24 00 (R T i i B R B, g Il A
KPR HR T IR 2 i FF

{EE TTER: % T ST SRR (MR S A SR SCRR (1 BRI
FRAMTRSCEARE, BT E S5 T AR RS AR
B WU SR MESL M BB R BTN, 1R IR BRI
X SCREAT T ORI A o A A 5 0 ) 15 F ) R e 24 1
A

FUREHER: T A 1EH AR 28 0P 5
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