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Mechanism of lung cancer angiogenesis: recent advance
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[Abstract] Angiogenesis is essential for tumor growth and metastasis, and it plays a key role in the development and
progression of lung cancer. Angiogenesis is determined by the tumor microenvironment and regulated by multiple signaling
pathways. Lung cancer angiogenesis process can be summarized as follows: (1) Continuing growth of tumor promotes the so-
called “angiogenic switch” in the microenvironment, starting the angiogenic process; (2) Matrix metalloproteinases ( MMPs)
induce the degradation and remodeling of extracellular matrix (ECM); (3) Endothelial cells migrate through the remodeled
ECM as induced by platelet-derived growth factor (PDGF) and chemokines; (4) In presence of vascular endothelial growth
factor (VEGF) and fibroblast growth factor (FGF), endothelial cells greatly proliferates; and (5) Lumen formation and
vascular function are achieved by DIl4-Notch signaling. Currently, inhibition of angiogenesis has become an important option for
lung cancer. Each stage of angiogenesis may become a potential target for treatment. New lights on the mechanisms of lung
cancer angiogenesis is of great clinical significance for seaching effective anti-angiogenic and anti-lung cancer therapeutic
methods.
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i 988 AR A B e Je 0 B A BRI 2R N 22 b A4t %
LA 0 0 R 6 ) 4L 8 R A L A A A e
PR, o 2 i o 3 A4 It 45 26 R A St 3 T . i o T
RS N o 1= ol i 1 = R o T S B e o
JB S A= A0 30 . 3 ot A Y A AR B R T R L A AR K
S 45 330 T Bl Xk ST 1) R R A A — A A X ST 1 R
A% T 25 M9 AR S B K I AR SR 3R W Y
Bz @ UL O T YRR B B Ak e A K bR R A
i A R A A P el AR A R L S BUR Bl — 2R
W L L A AT L BB, 22 R A S e T
R A R S L 3 — 2 R R R L A AR
G B (angiogenic switch)” , Hevb ¥ K 21 22 Fh 41 g
2 45 %, T AT 2 TR EL 38 S R LB L 4 — A

S Z I I AR R P R R

FE A2 A A B B F T I P B 40
LA T T 240 A 38 DA I A R I N 40 i A 3
J& (extracellular matrix, ECM) %& A= Jay 3 ¥ fift il 5
AL P 403 3o ECM 5 1) 35 8% 28 39 1) 35 462 JF: B =2
HEBH oA f T BB 1) 35 TR IS A s 5 kT,
JRUAE AR LA AR LT O IR SR AL T 2 g SRR AR
o3 AR FESL Y T A S B A 55 T R
LA PR L 3 S R S ) R R A L 3 # U R b R A
A B RS AR AR A RS 5. A ECM
(14 Jr 50 8 e A Ry — ol 610 495, B WL AR 5% 6 I 4 30K SiE
A0 AR L TR R RE R i A 2R ik B IE
Mg G PR VE RS H T AE R P g B S
BAE LS A8 RE SN L DXl M DR P K B 5 Y A L, A
SEH Y G H K TR R S AN A BT
98 T A A A s R v A2 9 B G VF 22 0 1 #R T
VR 3A 7 il e 1) S A, 76 B T BT i 24 W 5 7
1) VIR 2 [ B R 401 4 i B % 30 245 ) 9 R R LA R AT
A R K 24 ) 3% 2K b R I R B v L DU 2 4 A ok
HEREER,

2 ECM E# M 50T % 5 i 3 4 0 & £ X

i 96 V) J5 A 5 P T R R BT 2 0l A R R i)
TOLUR & A T RS AR S . R R R
M f# (matrix metalloproteinases, MMPs) & £ 5
ECM 4 fi 82 1Y 85 1K i , 7 s 1t 45 28 ik

BAEAE Y E B MMP-2, MMP-9 fl MMP-14,
MMPs A {ff ifiL 3 3 i 5 & Az 500, DT Fe 14 P9 2 4
it HH 2 5 [ ESF e fige 240 L A1 g T, e i A 2k o R 48 1 1
B T R AR YR B MMPs A S 1
2 D e e 3 T LAl AR Of b T IS OIR 25 RS R -
HIR- KRR (Arg-Gly-Asp, RGD) v 5 B8, J5 &
REBIOBTZE R 25 0 B2 40 i 3R M 3 & R o B BT IR,

AT A5 3¢ 26 37 A= 2 A PR R AR S A ) ECM 2
) & AE e £ M AR B AE Y. MMPs [6) B LA 9
A A R P T G A JB2 7 A= 1 5 28 R B 41
il 45 A2 Y R, MMIPs £ 2 435 i g 42 1 45
PO A L DL R Bl A A R e it B e R
BERREEMAEN . 75 SO &I Lewis
it 9 200 JHEL 38 0o 2 PN 3 S 4 b T MIMIP-2 JE TR B /)
BRI A P o BSCJRE R L 5 B 2 AR /N BRUAH L 92D 24 90 Ji
JeA Il Bt 3% R R AR 77 %0, 48 R 15 R IR 1 MMP-2 X
R 3 i e A A R B R R b B T Yu AT i
/0N BRI 9 B2 RS ARR ARSI % B MIMIP-9 (1 55 ik 5
T4 % B (microvessel density, MVD) 3 & 1 3¢,
7R MMP-9 25 1 Jifi 9887 A6 145 28 it 72

ECM 1 [ fift 55 46 i A= 1055 138 1 38 I L Bt
JE AR E A C T i 51 5 T A ECM
RAEMIER , ¥5T N R A0 M E % 1 A I
KR P A K T (platelet-derived growth factor,
PDGF) fl#a b 7 4%, PDGF WG 5 4 hi
(PDGF-A,PDGF-B, PDGF-AB, PDGF-C il PDGE-
D) il 3 2% % & (PDGFR-a, PDGFR-B #1 PDGFR-
) s PDGF H1 N B¢ 40 i 3 3k 5138 5 55 43 Wk LUk #5
FERIS S WhgE & B, A6 Al /D 48 B it 98 (non-small-
cell lung cancer, NSCLC) F1/)> 4 }fg ili #83 (small-cell
lung cancer, SCLC) ' PDGF M &K F N 30% ~
40% ; NSCLC 1 PDGF & % i85 % H MVD ¥ #
w0, B PDGF @ &3k Bils & B 22 0 WS W7 5 1 7
SCLC B # 1, PDGF 5 R 5& AR K Ik 35 1Y TAE 2R
R 225, B F P CXC FK%E R 5
CXCL1, CXCL2, CXCL3, CXCL5, CXCL6, CXCL7
A CXCLS8 (IL-8) L AT fie i N Bz 40 S 19 1T %% . CXCR2
p 555 70 B s o 7 5 BB A Al /D NSCLC F AR B
AR CXCL5 KF5 MVD & 80 B8 A1 6 pE
DA b sk S 75 5 P K2 440 i 3 A% 115 5 43 - 34 AT RE A
ERRg AR e LY
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55 PN B A0 it g e 0 PR A N R A AR
K ¥ ( vascular endothelial growth factor,
VEGF), VEGF i 2 H A 7 i 48 A= iad #2 ik
W2 ME s W05 5@ #, VEGE & —f i
DN 2B R S 22 LD R RE S R A S O R A
SrRIGE A, X FK PS5 M VEGF W 5L, B
VEGF-A, VEGF-B, VEGF-C, VEGF-D #l VEGF-
E. VEGF W%k VEGFR B.Ag W% % R Il % 1k L
it VEGFR-1 il VEGFR-2 £ % £ 5 i % 4 6, 1
VEGFR-3 % 5 U 48 4= A 56, 76 I s B 28 il
BT R AR E 2R VEGF-A FIL X I 22
& VEGFR-2, i 40} 73 W VEGF-A, 5 N K 40 i
T Z 1k VEGFR-2 45 & J5 & ¥ H 4B W 2 %L
R Y R, VEGE i 26 1k ] 5| 2 /)N Bl 98
oA MVD &, 36l VEGF 15 5 0 5 2
958 LA A B R A 2 ] VEGE &
IR T ALHE iR 7R N B9 2 B N 28 e NSCLC g 21
41 VEGF £ 15 #% H MVD i 57 52 /2,
24 R I VEGFE BYAS[R] 78 7 N [] 9 B 24 78 il 3
(14 22 35 1 K HXE 1905 1 5% W A7 7E 25 5+ . Nakashima
SE R B VEGF-C 28 1) fa b [ % VEGF-A 1l
JE MR B S 16 [ 5 Zhao 257 &k Bl VEGF-C 1
SCLC Wik, VEGF WRZEZMAHEFHF la
(hypoxia inducible factor-1a, HIF-1a) %5 F ¥ . i
6 PN T AH X AR SR A S5 0 K e R A M 7 A R R
HIF-1a, HIF-1a fE 0 )8 3 A 7 42 #F T 3 i VEGF
FIK MG VEGF B, 78 NSCLC #l SCLC 4141
WIS R B HIF-1o 2235 B 0 TH &, 1096 55 S 0E 5 4141
HNAS B8 I S AR RNA 8 8 R Ut 2R Al g
A549 il HIF-1a 2] fff VEGF mRNA B3Rk
B G

T3 — AR N B A 3 B A DY O A R A
fi A4 K B F (fibroblast growth factor, FGF), FGF
FIEIAH 18 FhECAARF 4 Fp 2 21 2 1K (FGFRs) , H
o FGF-2 3 B 5 K B9 4 1M 48 A= Ui P . FGF-2
S IR R UL — AR R I R A A2 K,

g

M 4 SR L — S FE %S, FGF-2 53
Z K FGFR-1 45 & A2 3E P9 B 4 i 19 A 22 53 %L, I %
148 A A AR SR 15 FVEH . (AR T VEGF 1
& FGF-2 WAL 2253 S48 2 AR 55 5 M 10 L S IR )2
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A KM Takanami %5 B e e 157 61 il i 388 5
Bl K B 74 % BIR B FGF-2 23k, 13X 26 1) #B 4b
TR B TNM 23 W AF 06 R8I, FGFRs
Bl R BH AL R v s A L AE N B AR i % 5% N B
Yk i b ¥y % B FGFR B B3 T i 5 1 4 &
B BRI & B il T FGFR-1 fl VEGF (1
Tk R B W E MDY 8 FGF 5 VEGF i i
A 19 0L A= B 5 TR A AE AR LA

I A o HG b — s PR -, e 1 3 A T e S R i
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240 Ff ML RS 1 1 52 4K Notch (3202 Notchl) 9 i 40
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P i 98 AL 79 00 55 BELIBT D14 R 2

D114 7E 98 1fi %8 h i K3k 5 VEGF HHAH K,
BELOT f7 8 /N BRI 9 VEGF AT 5 253 1 45 D14 1)
Fk i W E DT M VEGF H 34 4 55 3% 19
2 40 00 R 34 D14 Y ek a3k LR U B DI4-
Notch i@ %5 VEGF W RILFAEZ VIR, [FAf,
5218 % . Dll4-Notch il i %I VEGF {55 B A
RO ATAE R RSN T, i 2R3k DI 51
VEGFR-2 &35 T B, Mi B W DIl4 J5, VEGFR-2 &
ik P Hellstrom 2850 9 BF 9% % 8] DIl4-
Notch il % A A6 VEGF 5 % 19 P Bz 2 5% 40 g 1B
B, 3BT AE AR P S 4 it 41 A R RF 9 & BR . Noteh X
A8 A B I 42 06 A K T VEGF-A #il VEGFR-2
55, Mie E T E VEGF-C %K VEGFR-3, X
— BRI TESHEATHU NS 25 W RE TR B T 4 Ly
VEGF-A #il VEGFR-2 {5 5 4k, 5 Notch il ¥ H.
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5 N 2
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