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Abstract
Colorectal cancer (CRC) is one of the common malignant
tumors, accounting for about 10% and 9.4% of malignancies
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in males and females, respectively. The number of patients
who die from CRC reaches 700000 each year. In addition,
there are about 1.4 million new patients every year.
Angiogenesis is involved in a variety of physiological and
pathological processes and is an important pathological
marker for many diseases such as tumor, ischemia,
atherosclerosis, inflammation, wound healing, and tissue
regeneration. Angiogenesis plays a crucial role in the
occurrence, development, and metastasis of CRC. In
this review, we summarize our current knowledge of
tumor-associated angiogenesis, the factors that promote
angiogenesis in CRC, and future directions in this field,
with an aim to provide a theoretical basis for better

understanding the role of angiogenesis in the pathogenesis
of CRC.

© The Author(s) 2020. Published by Baishideng Publishing
Group Inc. All rights reserved.
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I A 5 iR A K 2 8] 1) 96 & i Hanahan 251
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M MRATAAE KR FD (platelet-derived growth factor-D,
PDGF-D){E MR ) K AR K Je R PE B AR, Wik
B, 7645 B e tF, PDGF-DFRIA L i3 5 I AR 6145
fERIEMDE, (Rt A& BRI E £ k. thAk,
PDGF-DJifiid Notch1 Al Twist1 {5 538 B2k g _F 2
Y1 i e 18] 7 R A %ALY VEGF 5 VEGF2AA(VEGF
receptor, VEGFR) & I & A= s BN 2=, DUt
— PR VEGRIG N JRAGTTA. VEGFH P73 WA R 1%
VEGF 2 —Fh v [ 1M 55 4 R 7, nlg PR e+
P4 U BRI Y B, W] S BUMAE BT A, fRFCRCAT
BEFH AT RS, 5 A A KR F(insulin-like growth
factor, IGFs), 7ECRCZLZ NIGF-IFIGE-IT 2% /K -1 &
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Mo TP Hakam&5" 9 98 &K IR, IGE-IF] 5 S VEGF4:
Ji%, fR#FCRCILE LK. Ffif5, Reinmuth5 i FEIEL,
PHISTIGF-15Z 14 AT 1] CRCAE A I 45 A2 .
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B IR IR 4R AR K. Kuniyasus! B 78 & B K
J¥ e A 53 P PRI TL -1 5 RT BEsdc 0l p2 1 Waf . Bax, Fif
YA IERE. iR RIVEGFIERIA, fEHEAK T
TR A T 51 55 R B 3G A LB A i 4 7
MR A, [FIRS, AT 51 IR (prostanoid, PG) E245 & H %%
AR S R A PR 386 5 A LT A DT £ 3 fe
A K. Dufour 5" i 78 & IR, PGE2H] 3@ iFmTORC 1/
FCRCANMAE K LA K VEGFERIA, (2 i fiveg I 5B 2.
SRS AR R LA A ) R BRI 3R, R 5
“F(hypoxia-inducible factors, HIFs) K EAEIX —id FEH &
5 H FAE . Yoshimura 5! @ 4G I PR B FE AR
HIFIURTHIF2 (A T RHE . Ui % . R
1EIE-2 (cyclooxygenase-2, COX-2)HFifi Vi & Tiljm, KIN
HIF27E e L8 A2 e R A5 FEAE A, 1 HHIFTFIHIF2
M2 & RIS B e i fe 5 TS % DA 5. TR,
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A2 B & (angiopoietin, Ang)/& IS P &7 40 ffd
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B AL RIS E P, RN I AR BT GG R, 51 RN B
YN PRI 225354, W AR 34 e 5 A 7.

—4H A & (nitric oxide, NO)AJ B =FF A A —4A 4k
B4 K (nitric oxide synthase, NOS) 5, Hrp L& 41 ik
PEFILFHZE RN FZNOS, & Bl 7K SFNO; T 98 5E 1] 15
S5 S — AR A 5 (induciblenitric oxide synthase,
INOS)#IE, P AE RRS: R ENOPY, AHSCHF 71 R R, CRC
HZPINOSH AMZE K RIE EiR, 5VEGFRIA LAY
11855 i (microvessel density, MVD) IEAH 5,

L E MY (peroxiredoxin 1, Prdx1)JE TPrdxSH
WAL, 2 57 40 A S A% T AN gE R oAk, B SR
52, Prdx1 A {fE#EMMP-2. MMP-9LL }2 VEGFA[K)Fik,
SEITHT29%0 40 MIE AR 2868 71, ik N5 ik A R 4
J it B AR, SR BERE3FESZ (1 (chitinase 3-like 1,
CHBLDE TRZ IR, BATFLUCN, MiECHIZLL
KV T e A W SR fieh g s S AN R I B 2 hR &L fECRC
WFFCH, CHI3LA A (e Bk 4 M b A . - 5ot 40 Py S 42
M AP i BEDH X328 TDEAHS R, W] 5B-i%
WEAM AR, S VEGFATER KPRk i, 12k
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FIF sn0503 1] 52 325 Pt FrfIRg 42 2 R Py oz 4 i 6 4
(TR R, 4 o s AR B A 2002 COX A PG A= T B 1
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IR A20 05 B 5 U A 2 B ATV E GFRIA 1IEAH 9.
p38/MAPK A Pl 25 ik 1t 12 ik M2 15 i 40 e Bl A4 A
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R BB R F-o 5 5 il T HiPDKIERIA
FIBEER 1k, 2 HEVEGFR2 5 10 A iP5 R hiAA
#E F1S24 (ribosomal protein S24, RPS24)ifid R PS24c/
MVIH/PGK & E #ECRCILE A . wish HEE
2 (prokineticin 2, PROK2)/&4ERFH AL 4R A Al 5K
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PROK2FEIEIKF, HEPROK2FE R s AL 1A 40 Ml &
i, SIRNARE e 2 iRl il 2 . AN TR ERIAPROK2
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SRR ASIXITEZ MR b Rk, SR i A K s
e, Xu& P 9T BoR, Six B MAPKIS 5843,
VVEGF, Jll¥E me i iRy e v Sy A 1 B
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1, Gab2i@ it FIMEK/ERK/c-Mycig& 2/ S VEGR#E
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FVEREEE A 9J&8 T UEgR 7 0% 2 H (pregnancy-specific
glycoprotein, PSG)Z ji%. YangZ: il i Al CRC £ 3 K fek
RN HE A MIHEPSGIZKI-, 73 HTPSGI/KF-5MVDAH A,
FEm A S I EOR, R TG #PSGOTH
H5ARTUGE KMVDIEAR, [FFPSGY 5SMAD4E A
EW, SRR A A SRR I 3RIE. ANUTP14afE:
CRCHHHH_LiFPDGFARI A58, DickkopfAHo%
HEER NS A mRIA & E, Lo
T2 Y VEGF/VEGFRIS AR RN A A= B, SEAMB ]
Tk o e 200 B 5 SRR A LA S 3 1 W A g =R
BCRCIE A ™. GEATGNAIEIT %A F«B
(nuclear factor kappa-B, NF-«B){f#fi 1)K FCXCLI,
CXCL2FICXCLAZRIE KTt g A= KA if g A ™.

T N PR & A 3R AIRN AR 25 #8(RPM,
RPM2, RPM3). CRCIJIILAE A Al e 77 S ATt i A A= Bl
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29I BUR M I VEGF [ B R0 e . TR A HLE 1)
AR BT DL VEGFI A B KR e R0, i CRC
0 0055 A R 1 R L e A 2B R 2 M R HTER. G
PRI 120 7] 38 i 75 S 02 148 AR B ANV EGE,
IL-8FICOX-2HT4 P GE2 R IE A 434k, BEIEPI3K/
AKt-NF-«xBfE 5 2%, 153G 5mCRCHH M (1432 3l 14 F
753 b R A B e 1) BT 40 B b, GER FLBIR 324120
CRCALLIHEAGHE R (A 3RIE B AR, RIVEEAZRE A
B O R R AR A G U F R F. CRCZHZR ]
VEVERZ B R AR Rk B R T, (RN AR R
A ORI R AR RIS SCRCEG AR R AR, milk A
PR PEARZ AR A RO B )5 G2/MYH i B . PR
FHAMHICRCAN MG FE, 18 A= sk DU, T2 Gl Bk e
1 5 ) SRR B 1 245 ) 34 08 e 0 I AR i IR e
PI3K/AKT/mTORAE 51 % 55 £ -5 ried AH 5¢ 1Y) = W 4t i
kAR k5 B e i A K

4 ER

PI3FIK-ras p53:&— P RE A, KJWrje HhpS3 AL
LT 25 5-84 M K-rasHE K2 i DL LK, AE K
oL AL TR, DAI2AS RS 97 B DL, b AR IR
W 2R3 ps3 FIK -ras 5 R A8 28 [t VEGFHIMVD# A
IKFIEAASR, W BHpS3 FIK -ras3k R 7E R CR C L& 1%
75 1 ¥ B AR FHPY. Michaels N 3857 1E Hp 53 K]
(RS B i YL CRCAH A, B 7 K IMVEGFZA N, AT
et b o A AR, Cai s R IR, TR AR (R ok
& (drosophila eyes absent homologue 1, EYA1)7ECRCJi
Hd Fak, Pl PBKAE 54275 FHIF-1afIVEGF-A,
R bR A KRN I A A . et iR R A % O
K3 % (brahma-related gene 1, BRG1)/& = AR 5T FISWI/
SNF4: R EIRE SIS 2 —, BAT LR 1R
fE. 7RI, BRG15VEGF-ATECRCH I %A B IEAH
5, kL B e i s A B, BRGI AR sl e
LT Y S R T NR 22 40 i A S S
H B, /£ NCRCAHIH 8 FHRN AR FRNRF2f5 7]
Nt SRS AR/ BRI A IR A2 K, VEGFRIE I, I
A R/ P B SE R T EST %47 9838 4 5(ETS translocation
variant 5, ETV5)n] DL E #4546 F|PDGF-BBH JE 31X
R SIX4id 5 HIF-1o/it & i VEGF-A [ 555,

5 RNA

miRNAJE R (K E 222N R) N IR FER TSR N A,
FERG S Ja 7K b AR AT R R 1 25, miRNAsEL
B ) A0 4 205 S ey ke A B A T R . R AR
UESE, 2 FhmiRNAs AT MU A N 7 1) Rk s 4k
I AR RS 5 B Y, exomiR-1229F1exomiR-25-3p7K
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S5 CRCHLE AL B DIAE Y, CRCZ:Z Rl n]
A R L FE RS i (fucosyltransferase, FUT) 5 ik S i,
LiangZ W 57t £ W: miR-125a-3pid %k Al 38 PI3K/
Akt{E 5B FHFUTSAIFUTG, fix & 40H|CRCZH ML
W5, 1T, 1222 A . miR-18 1| SRCIHER(5
S FHIHI T 1, ESRCMICTE MR A AR s A
RIFEIEVEGF Y433, S8 A2 ™. 3 Wk 78 20
miR-143 KA FECRC I 14 ML AR AN I8 s A Hp T
BRI, SR AR D AR K. RS R
FEAE KPR T--12 A 2 miR- 143 5 ) B 2800, H&ik
K5 ANCRCFRA H [JmiR-1433R 1A 2 A5, miR-143
i Fs I A M 5, IE RS, FiR AR KR AR A, I
PAYG F-IRA A 77 2388 et B yb R IG TT B4k 2 U
P miR-6868-5p/F% 3% K- FFOXMI V- S i it iECRC
M A . AL, kR 2 B SRS R T KA D
RNATE R AH G L B A2 R ¥E EZE . IncRNA 1]
2555 %%, 5EAFM ORI LS NIEERNA
SIS DR 1) 2R 3K, 55 P B 4 R F T 4 i A,

6 HtATRS

itk & (hydrogen sulfide, H,S)REAEMH 7538 1, H,S AJ R AE &7
sk I, (Rt AR W ae e A R i AR Bk HL,S T B e b
4§ (cystathionine {8 synthase, CBS)/1™ 374, 7EXJCRCHE:
& B I R, 45 T CBSERIA i, H,S
Az RGN, YUBRCB ST R A g iE . IERE AR
28, Wb N AR AS, BRAHT AR A% B, (R, H,SHT
PRk iR AR KNI B, Rt I A S L 79K, i
JAAN PSR AL I S8 5. Je R MR (dyskeratosis
congenita 1, DKC1)idid EHZH0IHHIF-10% 55 K i F1CRC
I A AN RS, B Az A AT R v, AL AN T S
Jes 20 B AE ELAE FH S 23 A SR A DG R L 4T . Honda
U0 T A N 45 e 40 i RDLD- 1 A1\ B 40 il &
THP-13£555% 5 &K BIDLD- 140 g H1L-1B, MMP-1, MMP-2
MIMMP-3 (2R3 0. Ui -5 Az 4i Al AR G A\ 45
[t 2R B ) oA TT B I AR ORI AR RS A7 O, IR TR AR
W HE R A BB (fatty acid synthase, FASN)/ i i &5 i
KB, S5CRCIFEFEAHS, MPRFASNICRCAH i ] 411
HilVEGFR2 S T IHE 5 04L& T, H0H] A R 40 G 58
IERS AN Y. 1) 78 53 T4 A ] 0 e 1 g i
Ji I HL A A2 B Bl 1, 3 T R e e 4 A 2 ) AT I
BTN, BN A R R A KT

7 e

ZAER, X RHT A L (R E T AT CRC UL
WEA T HEREXREIH BB TTRIRA, BRVEGR/
VEGR4F, £ 0 CRC ML B A= 1 R RO, 3K
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miR-125a-3p
miR-181a
miR-143
miR-6868-5p/4& sk FFOXM1
ST
IncRNA

HiETERS H2S, DKC1, FASN B3 FRT48i

PG; {EEEPUIRER

M2EBBIRN
EVEPDKIZFRIAFIREER L, {RHVEGFR2
RPS24c/MVIH/PGK1ERE

MAPKES§&E

MEK/ERK/c—Mycixiz

Hsp90; STAT3=S@EES

SSMADAFEREEY)

VEGF/VEGFRER; BRfBEEULBEDINHER
VEGF

VEGF, IL-8, PGE2; PI3K/Akt—NF-kB

PI3K/AKT/mTOR

PIBKESHEBFHIF-1a0F0VEGF-A

VEGF
PDGF-BB

PI3K/AktESIEEE MEFUTSRIFUTE
SRCHBHSSESIIAIR S
IGF-IR

[34]

[35]

[36]

[371

[38]

[39]

[40]

[41]

[42]

[44]

[46]

(471

[48]

[49]

[50,51]

[52]

[63]

[54]

[65]

[61,62]

[63]

[64]

[65]

[66]

[67]

[68-72]

PDGF: MV WRETHA RS VEGF: MEBARRAEK RS, EG-VEGF: ADMPREIMBARR S KRS, IGFs: RBRIFEKRS; HIFs: REFSHEF,
COX: MMEKEE; MMP: ERSESEE; Ang: B, IncRNA: £55IE4RI3RNA; DKC1: 5o RILBILR1; FASN: iSRS ARES.

AT A7 B AR BRI B 2 A R RE . RIS, FRATTH AR
FULZVEGR/VEGRINHIFATT R Al BEEI 2. CRC
VE A DL e e, He g AE K. B 5

Baishidenge  WCJD | https:/ /www.wjgnet.com

439

W VIASG, 2 e R R MU A R, R ke
IR FEE AR, PLEZER B4 T IR RCRCILE
BEIE R R (R 1), J9BE AL ] CR C L& 5T

2020-06-08 | Volume 28 | Issue 11 |



TR, F. B AZRIEN TERARRNTHE

A 2GR BRI PR Y.

ZEXE

10

11

12

13

14

J3aishideng®

Eilken HM, Adams RH. Dynamics of endothelial cell behavior
in sprouting angiogenesis. Curr Opin Cell Biol 2010; 22: 617-
625 [PMID: 20817428 DOI: 10.1016/j.ceb.2010.08.010]

Welti ], Loges S, Dimmeler S, Carmeliet P. Recent molecular
discoveries in angiogenesis and antiangiogenic therapies in
cancer. | Clin Invest 2013; 123: 3190-3200 [PMID: 23908119
DOI: 10.1172/]CI70212]

Hanahan D, Folkman J. Patterns and emerging mechanisms
of the angiogenic switch during tumorigenesis. Cell 1996; 86:
353-364 [PMID: 8756718 DOI: 10.1016/s0092-8674(00)80108-7]
Rmali KA, Puntis MC, Jiang WG. Tumour-associated
angiogenesis in human colorectal cancer. Colorectal Dis 2007; 9:
3-14 [PMID: 17181841 DOI: 10.1111/7.1463-1318.2006.01089.x]

Liekens S, De Clercq E, Neyts J. Angiogenesis: regulators
and clinical applications. Biochem Pharmacol 2001; 61: 253-270
[PMID: 11172729 DOI: 10.1016/s0006-2952(00)00529-3]

Ronca R, Benkheil M, Mitola S, Struyf S, Liekens S. Tumor
angiogenesis revisited: Regulators and clinical implications.
Med Res Rev 2017; 37: 1231-1274 [PMID: 28643862 DOI:
10.1002/med.21452]

Chen J, Yuan W, Wu L, Tang Q, Xia Q, Ji J, Liu Z, Ma Z,
Zhou Z, Cheng Y, Shu X. PDGF-D promotes cell growth,
aggressiveness, angiogenesis and EMT transformation of
colorectal cancer by activation of Notchl/Twistl pathway.
Oncotarget 2017; 8: 9961-9973 [PMID: 28035069 DOI: 10.18632/
oncotarget.14283]

Goi T, Fujioka M, Satoh Y, Tabata S, Koneri K, Nagano H,
Hirono Y, Katayama K, Hirose K, Yamaguchi A. Angiogenesis
and tumor proliferation/metastasis of human colorectal cancer
cell line SW620 transfected with endocrine glands-derived-
vascular endothelial growth factor, as a new angiogenic
factor. Cancer Res 2004; 64: 1906-1910 [PMID: 15026321 DOI:
10.1158/0008-5472.can-3696-2]

Freier S, Weiss O, Eran M, Flyvbjerg A, Dahan R, Nephesh
I, Safra T, Shiloni E, Raz I. Expression of the insulin-like
growth factors and their receptors in adenocarcinoma of the
colon. Gut 1999; 44: 704-708 [PMID: 10205209 DOI: 10.1136/
gut.44.5.704]

Baserga R, Hongo A, Rubini M, Prisco M, Valentinis B. The
IGF-I receptor in cell growth, transformation and apoptosis.
Biochim Biophys Acta 1997; 1332: F105-F126 [PMID: 9196021
DOI: 10.1016/50304-419x(97)00007-3]

Hakam A, Yeatman TJ, Lu L, Mora L, Marcet G, Nicosia
SV, Karl RC, Coppola D. Expression of insulin-like growth
factor-1 receptor in human colorectal cancer. Hum Pathol
1999; 30: 1128-1133 [PMID: 10534157 DOI: 10.1016/ s0046-
8177(99)90027-8]

Reinmuth N, Liu W, Fan F, Jung YD, Ahmad SA, Stoeltzing
O, Bucana CD, Radinsky R, Ellis LM. Blockade of insulin-
like growth factor I receptor function inhibits growth and
angiogenesis of colon cancer. Clin Cancer Res 2002; 8: 3259-
3269 [PMID: 12374697]

Ning Y, Manegold PC, Hong YK, Zhang W, Pohl A, Lurje G,
Winder T, Yang D, LaBonte MJ, Wilson PM, Ladner RD, Lenz
HJ. Interleukin-8 is associated with proliferation, migration,
angiogenesis and chemosensitivity in vitro and in vivo in
colon cancer cell line models. Int | Cancer 2011; 128: 2038-2049
[PMID: 20648559 DOI: 10.1002/ijc.25562]

Asfaha S, Dubeykovskiy AN, Tomita H, Yang X, Stokes S,
Shibata W, Friedman RA, Ariyama H, Dubeykovskaya ZA,
Muthupalani S, Ericksen R, Frucht H, Fox JG, Wang TC. Mice
that express human interleukin-8 have increased mobilization

WCJD | https://www.wjgnet.com

15

16

17

18

19

20

21

22

23

24

25

26

27

28

of immature myeloid cells, which exacerbates inflammation
and accelerates colon carcinogenesis. Gastroenterology
2013; 144: 155-166 [PMID: 23041326 DOI: 10.1053/
j-gastro.2012.09.057]

Wang J, Wang Y, Wang S, Cai J, Shi J, Sui X, Cao Y, Huang
W, Chen X, Cai Z, Li H, Bardeesi AS, Zhang B, Liu M, Song
W, Wang M, Xiang AP. Bone marrow-derived mesenchymal
stem cell-secreted IL-8 promotes the angiogenesis and growth
of colorectal cancer. Oncotarget 2015; 6: 42825-42837 [PMID:
26517517 DOI: 10.18632/ oncotarget.5739]

Kuniyasu H, Ohmori H, Sasaki T, Sasahira T, Yoshida K,
Kitadai Y, Fidler IJ. Production of interleukin 15 by human
colon cancer cells is associated with induction of mucosal
hyperplasia, angiogenesis, and metastasis. Clin Cancer Res
2003; 9: 4802-4810 [PMID: 14581351]

Myung SJ, Kim IH. Role of prostaglandins in colon cancer.
Korean | Gastroenterol 2008; 51: 274-279 [PMID: 18516010]
Dufour M, Faes S, Dormond-Meuwly A, Demartines N,
Dormond O. PGE2-induced colon cancer growth is mediated
by mTORC1. Biochem Biophys Res Commun 2014; 451: 587-591
[PMID: 25128827 DOI: 10.1016/j.bbrc.2014.08.032]

Yoshimura H, Dhar DK, Kohno H, Kubota H, Fujii T, Ueda
S, Kinugasa S, Tachibana M, Nagasue N. Prognostic impact
of hypoxia-inducible factors lalpha and 2alpha in colorectal
cancer patients: correlation with tumor angiogenesis and
cyclooxygenase-2 expression. Clin Cancer Res 2004; 10: 8554~
8560 [PMID: 15623639 DOI: 10.1158 /1078-0432.ccr-0946-03]
Liu X, Wan X, Kan H, Wang Y, Yu F, Feng L, Jin ], Zhang P,
Ma X. Hypoxia-induced upregulation of Orail drives colon
cancer invasiveness and angiogenesis. Eur | Pharmacol 2018;
832: 1-10 [PMID: 29753044 DOI: 10.1016/j.ejphar.2018.05.008]
Bing RJ, Miyataka M, Rich KA, Hanson N, Wang X, Slosser
HD, Shi SR. Nitric oxide, prostanoids, cyclooxygenase, and
angiogenesis in colon and breast cancer. Clin Cancer Res 2001;
7:3385-3392 [PMID: 11705852]

Masferrer JL, Leahy KM, Koki AT, Zweifel BS, Settle SL,
Woerner BM, Edwards DA, Flickinger AG, Moore R],
Seibert K. Antiangiogenic and antitumor activities of
cyclooxygenase-2 inhibitors. Cancer Res 2000; 60: 1306-1311
[PMID: 10728691]

Zucker S, Vacirca J. Role of matrix metalloproteinases (MMPs)
in colorectal cancer. Cancer Metastasis Rev 2004; 23: 101-117
[PMID: 15000152 DOI: 10.1023/a:1025867130437]

Yang W, Arii S, Gorrin-Rivas MJ, Mori A, Onodera H,
Imamura M. Human macrophage metalloelastase gene
expression in colorectal carcinoma and its clinicopathologic
significance. Cancer 2001; 91: 1277-1283 [PMID: 11283927
Pavlaki M, Zucker S. Matrix metalloproteinase inhibitors
(MMPIs): the beginning of phase I or the termination of phase
1II clinical trials. Cancer Metastasis Rev 2003; 22: 177-203 [PMID:
12784996 DOI: 10.1023/a:1023047431869]

Ahmad SA, Liu W, Jung YD, Fan F, Wilson M, Reinmuth
N, Shaheen RM, Bucana CD, Ellis LM. The effects of
angiopoietin-1 and -2 on tumor growth and angiogenesis in
human colon cancer. Cancer Res 2001; 61: 1255-1259 [PMID:
11245414]

Ellis LM, Ahmad S, Fan F, Liu W, Jung YD, Stoeltzing O,
Reinmuth N, Parikh AA. Angiopoietins and their role in
colon cancer angiogenesis. Oncology (Williston Park) 2002; 16:
31-35 [PMID: 12014866]

Cianchi F, Cuzzocrea S, Vinci MC, Messerini L, Comin CE,
Navarra G, Perigli G, Centorrino T, Marzocco S, Lenzi E,
Battisti N, Trallori G, Masini E. Heterogeneous expression of
cyclooxygenase-2 and inducible nitric oxide synthase within
colorectal tumors: correlation with tumor angiogenesis. Dig
Liver Dis 2010; 42: 20-27 [PMID: 19497798 DOI: 10.1016/

2020-06-08 | Volume 28 | Issue 11 |



29

30

31

32

33

35

36

37

38

39

40

41

J3aishideng®

j.d1d.2009.04.010]

Cianchi F, Cortesini C, Fantappie O, Messerini L, Schiavone N,
Vannacci A, Nistri S, Sardi I, Baroni G, Marzocca C, Perna F,
Mazzanti R, Bechi P, Masini E. Inducible nitric oxide synthase
expression in human colorectal cancer: correlation with tumor
angiogenesis. Am | Pathol 2003; 162: 793-801 [PMID: 12598314
DOI: 10.1016/50002-9440(10)63876-x]

Li HX, Sun XY, Yang SM, Wang Q, Wang ZY. Peroxiredoxin
1 promoted tumor metastasis and angiogenesis in colorectal
cancer. Pathol Res Pract 2018; 214: 655-660 [PMID: 29673884
DOI: 10.1016/j.prp.2018.03.026]

Kawada M, Seno H, Kanda K, Nakanishi Y, Akitake R,
Komekado H, Kawada K, Sakai Y, Mizoguchi E, Chiba T.
Chitinase 3-like 1 promotes macrophage recruitment and
angiogenesis in colorectal cancer. Oncogene 2012; 31: 3111-3123
[PMID: 22056877 DOI: 10.1038/ onc.2011.498]

Lin H, Fang Z, Su Y, Li P, Wang ], Liao H, Hu Q, Ye C, Fang
Y, Luo Q, Lin Z, Pan C, Wang F, Zhang ZY. DHX32 Promotes
Angiogenesis in Colorectal Cancer Through Augmenting
-catenin Signaling to Induce Expression of VEGFA.
EBioMedicine 2017; 18: 62-72 [PMID: 28330603 DOI: 10.1016/
j.ebiom.2017.03.012]

Burden RE, Gormley JA, Jaquin TJ, Small DM, Quinn D],
Hegarty SM, Ward C, Walker B, Johnston JA, Olwill SA,
Scott CJ. Antibody-mediated inhibition of cathepsin S blocks
colorectal tumor invasion and angiogenesis. Clin Cancer Res
2009; 15: 6042-6051 [PMID: 19789302 DOI: 10.1158 /1078-0432.
CCR-09-1262]

Wendum D, Comperat E, Boélle PY, Parc R, Masliah J,
Trugnan G, Fléjou JF. Cytoplasmic phospholipase A2 alpha
overexpression in stromal cells is correlated with angiogenesis
in human colorectal cancer. Mod Pathol 2005; 18: 212-220
[PMID: 15475936 DOI: 10.1038/ modpathol.3800284]
Suarez-Lopez L, Sriram G, Kong YW, Morandell S, Merrick
KA, Hernandez Y, Haigis KM, Yaffe MB. MK2 contributes
to tumor progression by promoting M2 macrophage
polarization and tumor angiogenesis. Proc Natl Acad Sci
USA 2018; 115: E4236-E4244 [PMID: 29666270 DOI: 10.1073/
Ppnas.1722020115]

Zhong M, Li N, Qiu X, Ye Y, Chen H, Hua J, Yin P, Zhuang
G. TIPE regulates VEGFR2 expression and promotes
angiogenesis in colorectal cancer. Int | Biol Sci 2020; 16: 272-
283 [PMID: 31929755 DOI: 10.7150/ijbs.37906]

Wang Y, Wu Y, Xiao K, Zhao Y, Lv G, Xu S, Wu F. RPS24c
isoform facilitates tumor angiogenesis via promoting the
stability of MVIH in colorectal cancer. Curr Mol Med 2019
[PMID: 31797757 DOI: 10.2174/1566524019666191203123943]
Kurebayashi H, Goi T, Shimada M, Tagai N, Naruse T,
Nakazawa T, Kimura Y, Hirono Y, Yamaguchi A. Prokineticin
2 (PROK?2) is an important factor for angiogenesis in colorectal
cancer. Oncotarget 2015; 6: 26242-26251 [PMID: 26317645 DOI:
10.18632/ oncotarget.4385]

Xu H, Zhang Y, Pefia MM, Pirisi L, Creek KE. Six1 promotes
colorectal cancer growth and metastasis by stimulating
angiogenesis and recruiting tumor-associated macrophages.
Carcinogenesis 2017; 38: 281-292 [PMID: 28199476 DOI:
10.1093/ carcin/bgw121]

Ding C, Luo J, Fan X, Li L, Li S, Wen K, Feng ], Wu G.
Elevated Gab2 induces tumor growth and angiogenesis in
colorectal cancer through upregulating VEGF levels. | Exp
Clin Cancer Res 2017; 36: 56 [PMID: 28420432 DOI: 10.1186/
s13046-017-0524-2]

Wang X, Zhang Y, Zhao Y, Liang Y, Xiang C, Zhou H, Zhang H,
Zhang Q, Qing H, Jiang B, Xiong H, Peng L. CD24 promoted
cancer cell angiogenesis via Hsp90-mediated STAT3/VEGF
signaling pathway in colorectal cancer. Oncotarget 2016; 7:

WCJD | https://www.wjgnet.com

441

42

43

45

46

47

48

49

50

51

52

53

54

TR, F. e AZRIENHBRRRARHE

55663-55676 [PMID:27494878 DOI:10.18632/ oncotarget.10971]
Yang L, Hu S, Tan ], Zhang X, Yuan W, Wang Q, Xu L, Liu
J, Liu Z, Jia Y, Huang X. Pregnancy-specific glycoprotein 9
(PSGY), a driver for colorectal cancer, enhances angiogenesis
via activation of SMAD4. Oncotarget 2016; 7: 61562-61574
[PMID: 27528036 DOI: 10.18632/ oncotarget.11146]

Ren P, Sun X, Zhang C, Wang L, Xing B, Du X. Human
UTP14a promotes angiogenesis through upregulating
PDGFA expression in colorectal cancer. Biochem Biophys Res
Commun 2019; 512: 871-876 [PMID: 30929921 DOI: 10.1016/
j-bbrc.2019.03.142]

Deng F, Zhou R, Lin C, Yang S, Wang H, Li W, Zheng K, Lin
W, Li X, Yao X, Pan M, Zhao L. Tumor-secreted dickkopf2
accelerates aerobic glycolysis and promotes angiogenesis
in colorectal cancer. Theranostics 2019; 9: 1001-1014 [PMID:
30867812 DOI: 10.7150/ thno.30056]

Zhang Z, Tan X, Luo J, Cui B, Lei S, Si Z, Shen L, Yao H.
GNA13 promotes tumor growth and angiogenesis by
upregulating CXC chemokines via the NF-kB signaling
pathway in colorectal cancer cells. Cancer Med 2018; 7: 5611-
5620 [PMID: 30267476 DOI: 10.1002/ cam4.1783]

Hamdollah Zadeh MA, Amin EM, Hoareau-Aveilla C,
Domingo E, Symonds KE, Ye X, Heesom KJ, Salmon A, D'Silva
O, Betteridge KB, Williams AC, Kerr DJ, Salmon AH, Oltean S,
Midgley RS, Ladomery MR, Harper SJ, Varey AH, Bates DO.
Alternative splicing of TIA-1 in human colon cancer regulates
VEGEF isoform expression, angiogenesis, tumour growth and
bevacizumab resistance. Mol Oncol 2015; 9: 167-178 [PMID:
25224594 DOI: 10.1016/j.molonc.2014.07.017]

Wu Q, Wang H, Zhao X, Shi Y, Jin M, Wan B, Xu H, Cheng Y,
Ge H, Zhang Y. Identification of G-protein-coupled receptor
120 as a tumor-promoting receptor that induces angiogenesis
and migration in human colorectal carcinoma. Oncogene 2013;
32: 5541-5550 [PMID: 23851494 DOI: 10.1038/ onc.2013.264]
Wu XL, Yang ZW, He L, Dong PD, Hou MX, Meng XK, Zhao
HP, Wang ZY, Wang F, Baoluri, Wurenqimuge, Agudamu,
Jia YF, Shi L. RRS1 silencing suppresses colorectal cancer
cell proliferation and tumorigenesis by inhibiting G2/M
progression and angiogenesis. Oncotarget 2017; 8: 82968-82980
[PMID: 29137316 DOI: 10.18632/ oncotarget.20897]

Tan X, Zhang Z, Yao H, Shen L. Tim-4 promotes the growth
of colorectal cancer by activating angiogenesis and recruiting
tumor-associated macrophages via the PI3K/AKT/mTOR
signaling pathway. Cancer Lett 2018; 436: 119-128 [PMID:
30118845 DOI: 10.1016/j.canlet.2018.08.012]

Zhong SS, Zhang ZS, Li SM, Deng HJ, Ma Q. [Study
of angiogenesis in human colorectal carcinoma and its
modulation by p53 and K-ras gene]. Zhonghua Nei Ke Za Zhi
2003; 42: 77-80 [PMID: 12783699]

Bouvet M, Ellis LM, Nishizaki M, Fujiwara T, Liu W, Bucana
CD, Fang B, Lee J], Roth JA. Adenovirus-mediated wild-
type p53 gene transfer down-regulates vascular endothelial
growth factor expression and inhibits angiogenesis in human
colon cancer. Cancer Res 1998; 58: 2288-2292 [PMID: 9622060]
Cai S, Cheng X, Liu Y, Lin Z, Zeng W, Yang C, Liu L,
Chukwuebuka OA, Li W. EYA1 promotes tumor angiogenesis
by activating the PI3K pathway in colorectal cancer. Exp
Cell Res 2018; 367: 37-46 [PMID: 29496520 DOI: 10.1016/
j-yexcr.2018.02.028]

Lan J, Li H, Luo X, Hu ], Wang G. BRG1 promotes VEGF-A
expression and angiogenesis in human colorectal cancer cells.
Exp Cell Res 2017; 360: 236-242 [PMID: 28899659 DOI: 10.1016/
j-yexcr.2017.09.013]

Kim TH, Hur EG, Kang SJ, Kim JA, Thapa D, Lee YM, Ku SK,
Jung Y, Kwak MK. NRF2 blockade suppresses colon tumor
angiogenesis by inhibiting hypoxia-induced activation of

2020-06-08 | Volume 28 | Issue 11 |



55

56

57

58

59

60

61

62

63

J3aishideng®

TR, F. B AZRIEN TERARRNTHE

HIF-1a. Cancer Res 2011; 71: 2260-2275 [PMID: 21278237 DOI:
10.1158,/0008-5472.CAN-10-3007]

Cheng X, Jin Z, Ji X, Shen X, Feng H, Morgenlander W, Ou B,
WuH, Gao H, Ye F, Zhang Y, Peng Y, Liang ], Jiang Y, Zhang
T, Qiu W, Lu X, Zhao R. ETS variant 5 promotes colorectal
cancer angiogenesis by targeting platelet-derived growth
factor BB. Int | Cancer 2019; 145: 179-191 [PMID: 30650178
DOI: 10.1002/1jc.32071]

Sun X, Hu F, Hou Z, Chen Q, Lan ], Luo X, Wang G, Hu ],
Cao Z. SIX4 activates Akt and promotes tumor angiogenesis.
Exp Cell Res 2019; 383: 111495 [PMID: 31301290 DOI: 10.1016/
j-yexcr.2019.111495]

Lagos-Quintana M, Rauhut R, Lendeckel W, Tuschl T.
Identification of novel genes coding for small expressed
RNAs. Science 2001; 294: 853-858 [PMID: 11679670 DOI:
10.1126/science.1064921]

Bartel DP. MicroRNAs: genomics, biogenesis, mechanism,
and function. Cell 2004; 116: 281-297 [PMID: 14744438 DOI:
10.1016/s0092-8674(04)00045-5]

Wang W, Zhang E, Lin C. MicroRNAs in tumor angiogenesis.
Life Sci 2015; 136: 28-35 [PMID: 26144623 DOI: 10.1016/
j1fs.2015.06.025]

Soheilifar MH, Grusch M, Neghab HK, Amini R, Maadi
H, Saidijam M, Wang Z. Angioregulatory microRNAs in
Colorectal Cancer. Cancers (Basel) 2019; 12 [PMID: 31887997
DOI: 10.3390/ cancers12010071]

Hu HY, Yu CH, Zhang HH, Zhang SZ, Yu WY, Yang Y,
Chen Q. Exosomal miR-1229 derived from colorectal cancer
cells promotes angiogenesis by targeting HIPK2. Int | Biol
Macromol 2019; 132: 470-477 [PMID: 30936013 DOI: 10.1016/
jijbiomac.2019.03.221]

Zeng Z, LiY, Pan Y, Lan X, Song F, Sun ], Zhou K, Liu X,
Ren X, Wang F, Hu ], Zhu X, Yang W, Liao W, Li G, Ding Y,
Liang L. Cancer-derived exosomal miR-25-3p promotes pre-
metastatic niche formation by inducing vascular permeability
and angiogenesis. Nat Commun 2018; 9: 5395 [PMID: 30568162
DOI: 10.1038 / s41467-018-07810-w]

Liang L, Gao C, LiY, Sun M, Xu ], Li H, Jia L, Zhao Y.
miR-125a-3p/FUT5-FUT6 axis mediates colorectal cancer
cell proliferation, migration, invasion and pathological
angiogenesis via PI3K-Akt pathway. Cell Death Dis 2017; 8:
€2968 [PMID: 28771224 DOI: 10.1038/ cddis.2017.352]

Sun W, Wang X, Li ], You C, Lu P, Feng H, Kong Y, Zhang

WCJD | https://www.wjgnet.com

65

66

67

68

69

70

71

72

442

H, Liu Y, Jiao R, Chen X, Ba Y. MicroRNA-181a promotes
angiogenesis in colorectal cancer by targeting SRCINI to
promote the SRC/VEGEF signaling pathway. Cell Death Dis
2018; 9: 438 [PMID: 29739921 DOI: 10.1038/541419-018-0490-4]
Qian X, Yu], Yin'Y, He ], Wang L, Li Q, Zhang LQ, Li CY, Shi
ZM, Xu Q, Li W, Lai LH, Liu LZ, Jiang BH. MicroRNA-143
inhibits tumor growth and angiogenesis and sensitizes
chemosensitivity to oxaliplatin in colorectal cancers. Cell Cycle
2013; 12: 1385-1394 [PMID: 23574723 DOI: 10.4161/ cc.24477]
Wang Y, Wu M, Lei Z, Huang M, Li Z, Wang L, Cao Q, Han
D, Chang Y, Chen Y, Liu X, Xue L, Mao X, Geng J, Chen Y,
Dai T, Ren L, Wang Q, Yu H, Chen C, Chu X. Dysregulation
of miR-6868-5p/FOXMI1 circuit contributes to colorectal
cancer angiogenesis. | Exp Clin Cancer Res 2018; 37: 292 [PMID:
30486864 DOI: 10.1186/513046-018-0970-5]

Zhao ], Li L, Han ZY, Wang ZX, Qin LX. Long noncoding
RNAs, emerging and versatile regulators of tumor-induced
angiogenesis. Am | Cancer Res 2019; 9: 1367-1381 [PMID:
31392075]

Szabo C, Coletta C, Chao C, Médis K, Szczesny B,
Papapetropoulos A, Hellmich MR. Tumor-derived hydrogen
sulfide, produced by cystathionine-p-synthase, stimulates
bioenergetics, cell proliferation, and angiogenesis in colon
cancer. Proc Natl Acad Sci USA 2013; 110: 12474-12479 [PMID:
23836652 DOI: 10.1073 / pnas.1306241110]

Hou P, Shi P, Jiang T, Yin H, Chu S, Shi M, Bai J, Song J. DKC1
enhances angiogenesis by promoting HIF-1a transcription and
facilitates metastasis in colorectal cancer. Br | Cancer 2020; 122:
668-679 [PMID: 31857720 DOI: 10.1038 /541416-019-0695-z]
Honda T, Yamamoto I, Inagawa H. Angiogenesis-, metastasis-
and signaling pathway-related factor dynamics in human
colon cancer cells following interaction with monocytes.
Anticancer Res 2013; 33: 2895-2900 [PMID: 23780976]

Zaytseva YY, Elliott VA, Rychahou P, Mustain WC, Kim JT,
Valentino J, Gao T, O’Connor KL, Neltner JM, Lee EY, Weiss
HL, Evers BM. Cancer cell-associated fatty acid synthase
activates endothelial cells and promotes angiogenesis in
colorectal cancer. Carcinogenesis 2014; 35: 1341-1351 [PMID:
24510238 DOI: 10.1093 / carcin/bgu042]

Huang WH, Chang MC, Tsai KS, Hung MC, Chen HL,
Hung SC. Mesenchymal stem cells promote growth and
angiogenesis of tumors in mice. Oncogene 2013; 32: 4343-4354
[PMID: 23085755 DOI: 10.1038/ onc.2012.458]

HFHE: THA FIMEHE: X %4

2020-06-08 | Volume 28 | Issue 11 |



Jaishideng®

Published by Baishideng Publishing Group Inc
7041 Koll Center Parkway, Suite 160, Pleasanton,
CA 94566, USA
Telephone: +1-925-3991568
E-mail: bpgoffice@wjgnet.com
https://www.wjgnet.com

ISSN 1009-3079

‘ ‘ ‘ ‘ Il

771009°307056 “ “m

9

© 2020 Baishideng Publishing Group Inc. All rights reserved.



