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Genetic control of vascular lumen formation
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Abstract: The blood vasculature is one of the first organ systems to form during vertebrate embryogenesis. Initiated
before heart beating and all other organ formation, vascular tubulogenesis plays essential roles in the proper
establishment and efficient perfusion of blood vessels which ensure organ formation and growth by meeting the
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demands of a rapidly growing embryo in need of nutrients, gas exchange, and metabolic waste removal. During the

two major steps of vascular development, vasculogenesis and angiogenesis, the process of lumen formation is

critical for establishing a patent and functional vascular system. There are two crucial events during vascular lumen

formation: induction of vascular lumen formation, establishment and maintenance of endothelial cell polarity. In

this review, we will focus on the diverse mechanisms by which the vascular lumens are formed, based on in vivo

studies in genetically modified animal models.

Key words: vascular lumen formation; cell polarity; cytoskeleton rearrangement
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L% AN 7 A K [ F (vascular endothelial growth
factor, VEGF) {5 5t % ££ A= BRI BRK 50 T H) ML
e R BAT 5 K4 . VEGE Z% i 8 36
6 Fh 7 WY BE R B — R 4K . VEGF-A. -B. -C. -
D. -E i A K K F (placenta growth factor, PIGF),
H1 2 R 4H 2340 oy b ik ®'. VEGF-A 15 1L T ik
iR R = RAEM, 5 W B g1 2 AR
VEGFR1 1 VEGFR2 43 5] 45 & & 245 A 7 i 25 o
VEGF-A 5 VEGFR2 456 J5 i M (s 5 id e, i
BN AR TR G T L Y
& ®', i VEGFRI 55 VEGF-A 4 5 J5, T Z 8N
#2554 ME LB VEGF-A 5 VEGFR2 () T {5 5 .
W& W], VEGF-A/VEGFR2 15 5 1) 1E M &
JE R BT B . VEGF-A 24 A 1 B2 1) /N
BT BB I TGV R, B DA B 4 i 3 T 2 2
} #5 id 25 I (podocalyxin-like protein, PODXL)., f#
S8R 1 (Moesin) (B P 50 45 I3, FUR 4R 5401
RO AL 4R WL LR 25 1T (non-muscle Myosin
11, nm-Myosin IT) Fik sk W, 83— 10 & 0,
VEGF-A J#id #3% Rho AHI<H M (Rho-associated kinase,
ROCK) 15 538 % 4 5% nm-Myosin IT | 41 o % 52 4L,
5 91 B B 22 5 4y 2 R WL B) 2 E (filamentous actin,
F-actin) 515, AT BX S P 52 40 10 1 285 1 i A A
i B e 5 DR N /AN BB B () T 9 3 9,
VEGF-A AN [F) 73 4 0] LG BUAS [/ B AR R/ (9 1
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1) B2t TR PR 2 8 AT DR v 4 L A 1 R I A I T
M BRI, AT N R AT AR S R I R
I i (vascular endothelial-phosphotyrosine phosphatase,
VE-PTP) 23 /N B VR R B 5 v, A B AT 4
iRt VEGFR2 i3l , %% 1k, VE-cadherin (vascular
endothelial cadherin) 3411, 3k 1My 5 B 40 f i A
ST Y AR B e R A fs BB 1Y T AR TR B,
TEFTAEME ) ZF b, VEGF 55 8kt Re S
Notch 152 @ %S 1E 18 VE-cadherin [z 2 2% 1,
XLEHE IR, VEGF/VEGFR2 {5 it % W] g i i
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Gy RGO Y, EAE A B A M A B 3% 4 R e
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B A AE G B R I A TR R A S T e
VE-cadherin 5¢ 4= %% R R B /0N B8R T 10387 2 98 5k i
TGS 9.5 d W, 7E IR IR 1 R 30 3 AT,
BRI ), VE-cadherin $ 26 1078 3 30 ik A B2
Y i 2 T Jl AR & 4 CD34/PODXL. Moesin £
AR A AE, 40 BB 22 F-actin A1 nm-Myosin 11
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I3 s TR Y. FE VE-cadherin 5P HIPE D
A, ISV E TR LR G, RN S%IERE
53 Claudin-5 RIS A i 48 M, X S8R g T
VE-cadherin 7t P 5z 40 Bl A 14 g 57 DA K I35 78 s T it
HR SR o SRR IR B [A] (cerebral cavernous
malformation, CCM) #% ik B € 5 VE-cadherin 7£ 4|
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cadherin Fl PODXL ik 73 A7 7 #, 1IF S8 8 5 T8 B
e s th 7 5 v 4R I R R AR DDA O Y, Bl
MARANRETRMLEAERMHRSE S EAD?2
(angiomotin like 2, AmotL2) [/ ¢ /s B A1 BE L 1 2
ST R BN R SR A ALY, I VE-
cadherin/AmotL2 & & & [ A& s ML . 77, EId 5
F-actin AH ELAF FH 15 P R 48 B PR R 245 o A RH S s 114
Pk U

FE IR R I 1 B AL/ 3 00 1 T AR =X
B, N AR R — B ST, I ERAA Sy,
7 A M VRN ik A1 1) &6 Bt 73 CD34 SXjk Al PODXL
MRS T A ) s XS R R A AL
DA A B s I RO A AR A, SRR IS TR R B
HEDIRE. E/NBRIRAGF AR 2 451, MR
Pl S Bl H, P R A ) S 2 R T 3 B K )
TR, T 87 FELAT B P 51N RE AR G b 48 I M A fi
Brepr A U, Sk B KA JE e T 4 s A 2 T
iy HL 43 25 P B HE R LE I A8 A s O i ) B AR
o BEAk, Moesin 73—t 7E P 57 4 s 0] %) R 2 Tl
ik, R 7 CD34/PODXL HIZH i) 42 F-actin
Z a3k 4>, J8T Ezrin/Radixin/Moesin (ERM)
TR KR, % FIGAT 2 PP 23248 B BCE FI 40 B A 14
B EEIh AL ", T8 5E SRR Moesin 11/ RS
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CD34/PODXL #il F-actin f] % 1 43 #i % 4= 2% &L 1,
FEPE S 1 ISV 321N UE B A, Moesinl &
LT JE 0 5 DA K% e A VR k5 S T BT A A s )
1 ", Moesinl 3 [K il & 5 35 ISV 2 i TE 32 E 1,
1M VE-cadherin % P] i B BH Bt Moesin1 (1) #1214 77 Afi
I T B R R 1Y X SR SR SE,
AR 4375 LA P 52 200 PR 1 e S R 5 78 s T
B B SR .

it - O R [ N g S |
Integrin 7E L3 5 L R R EEAEH . /EN
J7 A s S VR R R BI-integrin 1) /N AR A h, i EE
KN BB IR s P B A Al P = A kB, AT 35
FH IE % RS O AR AR NSRRI Z E
W%, EEgGEREG Y. £0TKFLE, BN
J 41 i o 55 48 Mg %6 B AE OC ) CD31. VE-cadherin,
Claudin-5 DL R AE AR br &4 %) PODXL [f1HEAG 1%
KT TER BN A RFAE s X gE RRIR, Bl-
integrin /15 BIAE 5 X T P9 B2 40 B pl 14 DL S B 2 Y
BRI 4 +e BA SRR, 30 T 5% i 20 ik I 7
JES T ko
222 AR A1

VFZ WSS, R PEE A 7k 3 204 Par
BEK. Scribble 544 LN Crumbs 2514, 76 F
J7 400 0 bR e S R A b LA A S R A T
AR TR, AR S R T REAE L N
ST B AR P S N R R DA B I A T A R A
BN ThRe. 1N MY 3 1 RS p1-integrin (17N
B o, Pard 2 [ BRI R 4 A ik AT
Par3 & H 144 P 208 86 4 0  TE IE SRR AL,
SNl R S R S 5 A I R R
Ras 45 4% 1 (Ras-interacting protein 1, Rasipl) 7£
PR RRE S RIA R IR — R DR/ BR 4 B L)
HH TR (4 s T R 1. Rasipl ZRAS R 2 41
WaZR A, Par3 Fik T o0 Sk, 5 MR B AH
K1) VE-cadherin £ 40 Jfl 32 [ IR AR 14 20 A0 W %,
AR E B 505, $2oR Par3 T RES 5 10 41 2
o T AR A A AN s R U SR, SE AR R
Par3 {)/NR AR R AEMEWESIE SR 7HE ™, -
7N HARRRAE 5 7 1T BeAREE Par3 15 LS 9 K2 40 e i)
PEEE AN T B R D Re . At (1) 3F 48 04 L,
Par B AW 5y aPKC 58 4 i B /0N BRI Y i L 457
I P B A0 B R S DA R B T B B Scrib
J& Scribble AR H /32—, BRI AT DL A
WAL AR b R s ik B X i RGN

WEFLR B, Scrib 5 [R] i 1% 1) BT 1 H IR0 1 A 2
BREIFEABEE R I, A kK B TR0
% P, i Serib 234/ B H BVEIE T 1 S AKE N )
MR, {2 Scrib 7 A S 240 iy b5 A g 7
AT A F i — D B . g BRTIR, A
SR 2N PR 1 A2 B R DAY 7 00 A A 2 S A ot A s
TE BCH 0 A 3 D e RIATL A A R 7 BB 22 1) 4k P S0
EHE -
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ST 0 2R E P 7 200 PR P 2 SR I A i T R
MR REE R EEER PP, 245 Rk, BTk
TE (1) P 7200 PR P AR A f T S P o SR A Y 3R 25 R
L B 2 5 A R S AR O L
I B 2430 e X A BT AS VA R L ) 3 4 A 1 T
B RTINS H 5 2 g AR ok 2 5 4 ik
PRI I A T e 22 1 SR R TR T BB
(formin-like 3, fmnl3) JERME I DE L L BIAL, Shds
NG MR SR I A A R T ORI 2 4 R R D e FR AR T
A Y B AL AR P IR, P 4R
o fmnl3 {19236 BN HI R 22 F-actin 1R A FF 35
Y B[R] AR A R A, 30 T 5 e L A T T SR
Fadsdeky B9,

/I GTP i Rho ¢ 1 X 41 f 1 2R 20 25 . 400 it AT
PN BRI R A B AT E A PP, RhoA. Racl
H1 Cded2 J&/N GTP [ Rho FIE I EE A o+ ©7,
1A AN FAAA P ) AIE 9 45 SR AR AIE B 31X 28 /)N GTP B 7E Ifi
BERERY EAHEERNIER. Racl fil Cded2 &
T URAE AR A I A T RS Y w4 B A B % 1
YERIE/S GTP B 0 Py 2 40 s 53 1 Racl FEIRI R
B /N B H B0 o B i s B, i Py R B2k Cded2
(K170 BRI 20 10 7 9 488 A A 32 BEL B, 320K Racl Al
Cded2 fEME R EH A HEEGRE. /£ S M ISV
FERH, Cded2 5 A58 7 R I 20 i P 3236 45 B
B 3G s A B T8 N BB R i A AR R A o
Cdcd2 i 5 Mkt PE 928 7E VEGF f )% R #f] 7 1f
EEBEIR, 0GR Cded2 MIERE T & B E
BB, WE AT Rk R, Racl Ml Cded2 IRIA T
F% 5 CCM1 Al Rasipl Z8748 {4 /)N 5L 557 JiE T Bk
B IR o U1, X s 4 JLIE I Racl Al Cded2 {1
peidIIINEREGASIAD N

RhoA 7F L8 s T B A FH — BAFRTE 4L
— LB RJF 7 45 B R RhoA 5 5 38 BRI 2k 110 /8 5 s
i BN, 7R/ R E h kR S B R, 3
RhoA i ROCK [P35 f5, A K 40 il 32 1] nm-
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Myosin I Nfig 5 F-actin #l3%, 15 = sh ke a4 24 1,
¥ s [R5~ CASZI 2K 110 T I A8 487 s T 25 R B,
BE— BRI T KL, X —BRFE 2 B RhoA {5 5 /1T
A S0 B, SR, HERL R R RhoA (545
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SALEII AT Rasip ] F= D8] f b 3 U 15 B3 1) 205~ HL
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TR 2A Ba (Ba regulatory subunit of protein phosphatase
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