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ABSTRACT

ABSTRACT

With the in vivo demonstration that neural guidance factors named
Netrin-1/Unc5b were involved in guiding control of vascular development, it become
a conception that the mechanism of vascular development is similar to neural
development.The neural guidance molecules include mainly 4 ligand-receptor
systems: Netrin/Unc-DCC, Slit/Robo, Semaphorin/Plexin-Nrp and Ephrin/Eph. At
present, only a minority of those molecules have been reported to participate in the
regulation of vascular development, and the overall functions of those molecules in
the vascular system remain largely unknown.

The formation of blood vessel results from the interactions between the vascular
endothelial cells and the surrounding cells, and the regulation of blood vessel
formation is mainly achieved via action of growth factors on their receptors located
on the endothelial cells. To dissect further systematically the role of neural guidance
factors in vascular development, we have chosen the chicken model for our studies.
We first analyzed the expression of neural guidance receptors in chicken vascular
endothelial precursor cells with semi-quantitative PCR. And screened out 8 receptors:
Nrp2, EphB1, EphAS, EphA3, PlexinD1, A2B, Robo4 and Unc5c, which were
relatively specific or upregulated. We subsequently applied whole-mount ISH (in situ
hybridization) to confirm their expression in chicken embryos and obtained their in
vivo dynamic expressions. These results provided new referable information on
further studies on the roles of these molecules in vascular development.

Among the neural guidance receptors which we have screened out, EphB1 has
barely been reported for its roles in the vascular development. We constructed RNAi
lentiviral vectors against the EphB1 of both human and chicken genes, and applied it
into the umbilical endothelial cells(HUVEC and HUAEC) and developmental chicken
embryos for function studies. Our results showed that EphB1 has no evident influence

on the proliferation of vascular endothelial cells; however, it played a certain role in
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ABSTRACT

the migration and tube formation of endothelial cells. EphB1 RNAI in early chichen
embryos impaired the vascular development in the yolk sac. Therefore, we revealed

that the EphB1 has a role in vascular development.

Keywords: Vascular development; Gene expression; Gene function; Neural guidance

molecules; EphB1
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M8 RGN YRIG RGP E A RKESPATI RS T RS, BT
A AEKOR H HHO T 8 RA N AEK S IhieEsh™ o 8 RGAE A FE L4t
FEIA DR A RT3 (28 B R GE, AR ARV A i 2 R b R 4% 2 OC FE 221K
TEH . IR A B BEA K, M 80 5 DI ReR G #8451 R550
S A LA T A AR e i i 5 e RS BT 5 R B Rl o T L, S LA AR R
I, AP B R R SCHRR AR ] — T 285 i e A A B AR Iy e
HORE L5 AR DG IR I R VR T 7 S i IR K AR AL

ML ZRGE I AT W o0 VR J2 T Jas 2 o 8 4 v V2 40 e A0 O T Y
FZATAR4NHE Cangioblast), IXLEqifuit—DHa. 4k, JREEEAT. BE. W
WG — A BTG I L P 4, X — il R R ML K A2 (vasculogenesis), T/
AN EH P 12 0 PR ZEL P JVR AR T2 Ik o 3 K D B 5 2 AL ) e 53 IR B A L7 oA
2. FEBEIRIR M AR KR T, 3R A0 i A IR 2% R e LA e e R Ok L A T AR
(angiogenesis) MIRIFENCEE K, BZTE M E R 41N Th RS LAY R 4K .
M H AL NCAEAEI IR K 2F (sprouting) 4337 Csplitting) T BGHT I
WA E A M 25 42 K 5 B (remodeling) T M TL I 1 AT & 28 43 52 10 F 24
[y 1l D 2521,

It 45 %o ML A OB LR R RIE S e, LA T 110 23 15 R B e A Sl AR &
BEAR R 1y M N EARAEKE T (VEGE) I Al k35 T FAE
Hloe VEGF ML ARNIE 55T, 0L P B 40 M (3858 15 2 A DA SRS IE s 1
W FE RS SRR B X RS, A ERAARER A, 24 I
AIBRATAE A R - (PDGF) {5 51 7 0L B 40 i 1) 55 4R v R4 17 OB IE
EH OFT A LA (1) A R s 1) L /MR AT AR 2B G IK-F- PDGF, PDGF-BB ¥k %2
AR ) T 0 40 P 2 4 B0 5 5 e L 58 5 4 A, T J It A8 B~ LA L (VSMIC)
Bl 3. Mm% #E (Angiopoietin, fAi/E Ang) MILS2Ak (Tie) Al M A Ik
A 55 U BRI ] R 2R, ws B AR L 1A R At SEAE B i A (1 il e
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A Hu /- WA LB AR FCEE 1 (Ang )RR TN B2 40 M0 IR 524K Tie2, {45 P J2
2 i 55 A R A K OGS, OB AR LB AR LARSE JE R B R I A AR R 2
(Ang2) 5 Tiel 4G MIMRRRIXFIEEE, FEOI AEMILE AR G B, B
A ffAA, LA P B 40 /E VEGF FIFERTR, MHTHi s B . 4. #4b/k
KK Bl (transforming growth factor B, TGF-B1) 7EIL4E R % 1% 25 4%
AT, % P 5 4N M 5y 6 TGF (EZE& TGF-B1), AE TS5 51 i 4 1 if B 4
i, FEEATHIE S VSMC W RE T OR VR, B VSMC 1404k e R
JRIGTERG, MLA5 & . b4k, bEGF M Notch 155 T M 7 f5 0] (1 1044 A 52 40
Mo A B R T EEBAE R, Noteh 1553 3 76O P ISR 20 15 P 1 40 i 43
kA5 T BT, EphrinB2/EphB4 Xt 3k 4 52 /M b b (14 UL,
MARLZE G 1) K7 Netrin-1/UncSb 5 R4 % 5 8 A K1 S 1 5 HI7E 2004 4E4
S RN, i R G A KR B A AR S A0 R KR B SRR 3 g LA ke 4
AR, 3K MU R 23 T HLHEIER S T i es . BBt L,
L THl i A7 R RF A P R 4R P, BT Y 2 40 2. Cendothelial tip cell) & AN I7E L
PR BT R AR, 51 AR A A KR
FEERT S E AL KA BB, e a7 R R 240
285K 5 ) R 2 2 BB R Netrin/Une-DCC,  Slit/Robo, Semaphorin/Plexin-Nrp Al
Ephrin/Eph 25032 A RGE (WK 1-1), XL RGBT SZ A HAT X2 15K
TE RS BUAR USRS A TR o 0 08 A 5 PR R B 1 /N B, AR 28 /)N BURR R (R
TR ARG KR E WAER L, e i REEAE KRG hIE R 3
M. LSRRI LK Nrpl. 2, EphrinB2/EphB4, Netrin-1/Unc5b,
Sema3E/PlexinD1, Slit2/Robo4 525 [ HALE KK G T, HXTHZHZ
W25 T b MAE A KR IR AT AN, ST AT RGN PESE R
R 1-1 HEEK T E T AR R

Tablel-1 Members of neural guidance receptor
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Families Receptors
NetrinZ2{& DCC, A28
Meogenin

UNMCSA,UNCSB,UNCSC,UNCSD
SlitZ= 4 Roho1,Robo2,Robo3,Robod

SemaphorinZ i PlexinA1,PlexinA2 PlexinA3, PlexinA4;
PlexinB1,PlexinB2 PlexinB3;
PlexinC1,PlexinD1,Mrp1,Nrp2

EphE it EphA1,EphA2, EphA3 EphAd,
EphAS Epha6 EphAT7 EphASB;
EphB1,EphB2.EphB3,EphB4.EphBo

(—) Eph/Ephrin

Eph S22 75 20 tHAT 80 AR AR % 1, I 52 AR 2 19 Yl 2 I v dme KT
Wi, e MRIME IR & X (F— Mo EkE AR LTI, PR
AR RS T AN P 8 A B AT XA i, T I e i MO 8 M el 5 e P 3 42,
WA IX . BS SRR B X , SAM (sterile alpha motif) [X Il PDZ 454 [X 20 i
51 (B 1-1). Eph %244 L) Ephrin Ft{k45 4, Eph Lj Ephrins HR5 JL 45 &4 M 45
FAIAYES o A, B PN, EphrinA W GE T GPI 4@ 4, EphrinB iV
TAAL A — 5 AT A AH S 5 R 1) BT R i« EphA B2 48R 4 454 EphrinA LA,
EphB %A %5 & EphrinB Fi&, (HIEtg—284il5h: 41 EphA4 456 MRS (i
&, EphrinA5 (5 T 454 EphA 324k #NE 454 EphB2 1617,
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EphrinA EphrinB

PDZ-binding motif
Q

Ligand-binding domain

b
ittt

GPI anchor

Cysteine-rich region

ﬂ?@i

> Fibronectin type III repeats
L Yp! F

b,

Juxtamembrane region

“1

) e
j 2

——— Kinase domain

0 K
Sterile alpha motif

&3

@ PDZ binding motif

Eph receptor
&l 1-1 Eph 32145 Ephrin B4R 454
Fig 1-1 Structure of Eph receptors and Ephrin ligands
Ephrin/Eph 32 AR R 0%, TR 2GS 5 R 458, aRELIVE & )E T,

MR 51 3, 22 RARIE S B AR S I8 AR 1A s s, T EATIEhREN
KORZ AL Ephrin/Eph | 2 Z 5T IR AT M RGN A LU B E
IR T RS bR 100750 A 25 1 200, Ephrin/Eph 383 115 48 07 42 8)) ) 2 5% i
WIS SRR, FEZROE AR AR O A IS B, R A Ak A

(21]

o

Ephrin/Eph Be32 45 MU & G AHR IS HEEAN T 1. EphrinA1/EphA2 7E
i TR Rt R vh AR 45 TSV . EphrinAl SEMa P S 40 BMAT . 5 B40 M
[H 2, B R R Y. EphA2 5400 VEGF 55511 4 J2 40 i (14 2 A7
TR W 2F A e 242252, 2. EphrinB1/EphB1 7 bFGF 75511 £ JI 1fn 5
BreERL AR, R B A B R . PRSMIF YR A EphrinB1 A 155 A
JRIE Y, 7N IR B AL A N R 4 B b & B EphrinB1 W0 1Y) EphB1 2 44155 5
TR, EphrinB1 @Rt C A 8 (VR IE A SR80, RS A S 1041
WMTH . KM 54228, 3. EphB2. EphB3. EphB4 2 4Aif 5 L5 9 45 1)
TR, U A7 282 5 Sk o 1 AL I 8% T J T 42 A2 0 75 0. 4 EphirinB2/
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EphB4 S ML 1 & & A& AN m] /b 1y, 0 il s o A B bk 4 O A
EphrinB2-Fc Ji BURI EphB4 52 4 3350 Akt S RIBERR AL, B900 1 A 5 40 i 1 1
SHAT R A8 /0PN, EphrinB2 BB /N BUEE I BB BRI, {H3%) EphB1 %
PRAE LS T B (R 4 FRIL AR DA R AE IR IR A8 AR S8 A 7 e A v AR A0 P A i
(=) BOREE K Hbr

RIS T 20 S i) R G AE IV A/ HP VIR P A LRI 9T SR X/ B A
LByt SRS S R DR R 1 R 7 (1 o /D SR DAL Bk UG, AR RO, i
HORESEma MU K B R bR i AEAE S EURIRZ R T A0F 5401, /D BURIR A A
KB R S WFUICHGE SIS T RAR KA I HE o 117 B2t B s A A ) 2
HNAEE, RS AN O IR S S s . ARG 51T,
FARSN R MR BN FE I ZR 40 ] LLT (AR AT A 4> B Btk AT A BRRDU
2, BIIR TYOX iR SRR — USRI S 5, WAL 7 21 4%
RGO, BAT RGN DIREEN T, AT B 1ik 20 T X L i 7 R G ) A b
FEILE A TR R R A

ML PR A2 b I P B 0 M 5 G Bl ZH 2R A AR B AR IR 46 R 1t A8 AR KT
U1 2 A A AR PR T P R A AR AT B2 AR AT o R
T 1) R R G ARAE N AN R KA T DUREAT RS T, e A IX 28 R GeAE
IS AR S [ PR D REFR W Tl o BRATT I Joilad 452 i PCR 0K, XHXLER
ST BRI (IR 1-1) AEXS R ML P B R TR i i b (R R 1 DL A T
ARG, i £ AT R S e AR T 32 A, PRE I B A A B BIE H AR A
TSI 2R G AR IR EN BN R IE G Do AEUEIEAE 1, FATI 45 S A1
KWL RE, 1B — M2k, WU A P D REVE T, USRS et
S Ir) Ay FARILE R G AR D7 8T AR o ZEHUEIBESE T 1, FRATT St g Xy
NHIXS[¥) EphB1 JELA ) RNAT 444, R 70 550 A8 PR 417 07 PN B2 A0 R
PRYS AN SR B DK RNA 0, 0 BT DR IS & I D e 40 LA o

FAR SIS BOR B E U
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FETERT-PCRAIEE T A F T HIT R ST HHITERN TH
i, Rﬂ‘ﬂ’fﬁiﬁ%@i&ﬁﬂiﬂé%ﬁhﬁ?ﬁ%i‘, R F BhEEEFE EPHE1

hEPHB1 cEPHEA1
N E&% ;Eﬁgﬁﬁﬁf% CEPHET cEPHE1TItEE
it = RRIATEF S FiRE R HEEENERE
T %ﬁlﬂ’ﬂ*ﬂﬁi HE %?J‘ZTFE’UW@
TR FiE=
BERAE HERAE
JAENE JE
4
RNAZE ( Real time) }:HI"E%E% RMAKF C Real tirme) \:FH:?&%
BEEHRTE Western) Has il BB ARFE  Western) ﬁf['ﬂ'J
VEGF —’l K‘
RS 0 4 2 RO A , —
TR, mE HE S —HEY EC Culture %%

WA R N R
1 AR GEF RN T 7] 701 32 ARAEXS LA PN B2 S FLRT A48 i i) R I8 1 s

2 FER B AR T R 7 1 SRR R B XSRS RS MBS R IE L
3 Wb R S ) 2 TS ARLE L ACF R R D RE S AN B L o
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2 MR SEERE

2.1 R 5iAH

1.Jtki: pCMV-Tag2B>k HInvitrogen’a #; pMDI18T sample Vectorl4 [ TaKaRa

OyH FE . pEASY-T1 simplel FH Transgene 2 i)

2519 LlET AR S MR A\ A R

3. R HIVE N DIEENY: Fermentas5 TaKaRa/s ]

4 Vent Polymerase: NEB/A H]

5.dNTP: TaKaRa’\ 7]

6.5 IR A . Omegas v

7.DMSO: Sigma’ i)

8.IEFE: Regular’s ]

9 DMEMZJEAEL F23E1H: Hyclone /s

10643 (FBS) : GIBCOZ w7 il

TLFTAEZR IS (NBS) = AU YR A FH]

1275 % = MBEE = WU Hyclone A v

13.5R(1: 250)7H4k#E: Hyclone A w]

1478140 :  Sigma /A ]

15.PEG: Ameresco

16. F2241)1: 293T (AJRE I %R, ATCC) , HUVEC (A ik A K 4i i)
HUAEC CAJaifik iy B2 41> JHDMEC (AR R A py B2 4 )

17.HBSS: Hyclone /s vl

18.Polybrene (10mg/ml): CHEMICOA ]

19.Trizol: Invitrogen’s &) = iy

20. [ EESIRAI G : ToYoBo2 ]

21.Taq: TIANGEN -5 Fermentas;™ i

22.DEPC: AmrescoA
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23.TrisZz M #h: Solarbio 5 Sigmay™= i

24 NMEERE . Sigmar™ i

25 SOBUN i el : - Sigmar™ il

26. 1% Sigma/™ih

27 3 R R (AP):  Sigmar” i

28 M e HIR:  Sigmay™ i

29.SDS: Sigmaj© i

30.EDTA: Sigmasr=

31.A B (STS) : Enzo life sciences
32.hEphB1#ifA: SantaCruz/” i

33.EphB1-Fc: R&D/A 7]

34405 KOG : Thermoy™ it

35.SYBR Green: ToYoBo/x ]

36340 Mt BRI A R R A G Bl AE T A
37 kLN SR BOR A S ARE B R AT A ]
38.BCA Protein Assay Kit: Thermo;™ fit

39.RNaseA: FifFAT/A#]

40.DNA %) f-marker: TIANGEN

41.TAIEENE: Transgene!” i

424X A BRI  Solarbio)™ i

43 J (i 24 A FIDIGHRET 5 R & Roches™ i

44 Tris-"F-1i /3 : Solarbio/™ i

45 JUEH LR R R A DB o [ 24 42 B4k 2l m 1 BR 2 )
46. 9 J A a3 37 4E:  Clonetic A ]

47.2 B H ¥ (PAF): Sigmar= i

48.Anti-Digoxigenin-AP Fab fragments: Roches” il

49. R 4-Sofast FEPRIHE il KB 2B TR RA 7]
50. 744 5t 143 F marker: Fermentas

51.Trans Taq HiFi: Transgene;”jh
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