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Vegfr2-lucke EE FHR/NNRHETE

% Na® REE LEW IE FH FAL TR KRE FEL

[HE] E=5BHRY Vegfr2-luchL LR/ FUA P M N 1 A K K 732442 ( vascular endothelial growth factor recep-
tor 2, VEGFR2 ) [{Zik T LABRBHZE N R WAL LN (luciferase, luc ) (IR, 2T ARSI /K-S I W i A% 2 m A o
PR R TR AW B AEX T Vegtr2-lac B R/NR A T4 2, U@ RE 0 T IS A FoE . 3% PCREGTIHT
Az /INURE R P tucBE TR 5 ) PR A AR B AT A Vegfr2-Tucke RE R/ N A= 1K Bl R o AR B k3 B S i R v
luc BE PRI ZRIRAKT- B ARSI 5 G FR M i PRGN 1270 & Rl A ( 8JRIS ) % B PR/ A IEAS S R B A I 1
FIReal-time PCRAGIN4$-#% F VEGFR2 mRNA) &K /K V. £55R PCREFAR L RS0% (56/112) HYHiA/ N uc ke [N
T A UG 25 R 7R B Vegfr2-luc B HE [R/INFUR B R, Tuc B BT (P<0.001) 3 8 JIRAG MBS b fi v,
13 b lac iR AKCSEE R G FRAIR (P<0.001) o MEME AR B TR/ ERLAS IE# VEGFR2 mRNAY 3R 57K 5 50 RS
PERLIERIE (1=0.948,P<0.001) . HfS2HLAILIERAN, MEVEMUARFE LI/ A% IEAT VEGFR2 mRNAR) A /K- 596
B VERIFE L IEAR DG (r=0.836, P<0.001) o £5if Vegfr2-luckl e N 1A/l A Tuc A K- A2 K AT LA S BRVEGFR2
HESEN VS

[ k521 ]| R, MASHA; DOERMHR L SR

[ FEISES ] R7342
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[ Abstract ] Background and objective A transgenic mouse, Vegfr2-luc, in which a luciferase reporter (luc) is un-
der control of the murine VEGFR2 promoter, can be used to track angiogenesis in vivo. The aim of this study is to identify the
offspring of Vegfr2-luc transgenic mouse. Methods Luc was detected with PCR in genomic DNA of the new-born mouse. Luc
expression in the offspring of Vegfr2-luc transgenic mouse was monitored with IVIS in vivo imaging system during post-natal
development. Wound-healing models of Vegfr2-luc transgenic mouse offspring were established and the expression of luc was
monitored during the wound-healing process. Luc activity and VEGFR2 mRNA expression in different organs were detected
with luc Assay System and Real-time PCR respectively. Results PCR showed that 50% (56/112) of the offspring of Vegfr2-
luc transgenic mouse carry luc. IVIS in vivo imaging results demonstrated that luc expression in Vegfr2-luc transgenic mouse
dropped dramatically with age increase (P<0.001) and luc expression in the wound first increased and then decreased during
the wound-healing process (P<0.001). Luc activity in female Vegfr2-luc transgenic mouse organs was positively correlated
with VEGFR2 mRNA expression (r=0.948, P<0.001). Except testis, luc activity in male Vegfr2-luc transgenic mouse organs
was also positively correlated with VEGFR2 mRNA expression (r=0.836, P<0.001). Conclusion The offspring of Vegfr2-luc
transgenic mouse is applicable to tracking angiogenesis in vivo.

[ Keywords ] Animal model; Angiogenesis; Luciferase
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M B 4K B F (vascular endothelial growth
factor, VEGF) i =124k, QIVEGFR1, VEGFR2 4
VEGFR3, VEGFRIZHE i L1240 I (2 1 52 20 i A
ELMEAH I ERS ; VEGFR2Z: 5315 45 N K 4 M ) D) e 5
VEGFR3Z: 5 15k ELAS 9 Bz A ) D) BB . VEGFR2A 7
1) £4H L PR 5 R EBG  Ivy E F I A8 PN B A B3 A L 3B RS
FENEFE S PRGN, e i A, S 5RAR .
BB AVE 2 B Kk R R ol T R,
VEGFR2Z: 52517 R m1 45 i 0 i A8 1f 72, RISk A0
FE bR AR IEVEGFR2IE 2 | K R fH BT VEGE A
VEGFR2Z [ AH EAEF 0 IR BT r8 40 fiti i i 455 750 (g
715t BL I B P 3 . G SEL B P £EL 41 4 . i 2
E 2 A IR T I S A A S Z—, VEGFR2JEHL IS BT
A TR T AR TG R PN 1R IR S R I e A AR
ZZ BRI, 0ok T WS IR IAE Y B A AR iC > T VEGER2
MY FRIRNEOL, 0 H T A AN R A ] s A 6 /N B R
HA AT S ARSI, FERF T A RF LR A — B A RETS
FIGRUE . DR R FMER )7 AL TEVR Y IE B VEGFR2 R TA 1Y
ARG UKL e 1 /8T A A R SR AR R i A

& [E| Xenogen /s AR luci 45 FE K “ i A" VEGFR2 LA
JA8F R E, [ VEGFR2AFRIBREE IR Sliluc 3R IE, SR
W Vegfr2-luc 5L [F Wi A /RS afA, BT £ Vegfr2-luc
EEEEDR/INGR, RIS A UL B AR RE LA A= 5 1 4 O = B
Vegfr2-lucE 3/ NRIA P VEGER 2B R A5 . A5 3~
F8/NH 7 FH Vegfr2-tacE R/ NG AR BIXS A I 2 (relaxin )
FHEG 2T 48 Z Y VEGE (fibrin—conjugated) PR 1A S A=A
FHIEAT THEY, 2B Vegfr2-luckE I R/INFURBF SRR IS
BUERI R T H . AngstZE 3 FlVegfra-luc B JE R /N
2 1 TR M S 7 bR A A, Il FITVISTE AR 5 22 e S it
A g A g A 0 4 A A O R T I A 5 i DA S
Xenogen/A ] | #EVegfr2-lucE L/ INRIM XS, FEATE HIF4E
SE , FUF T i RO & gt A B A DT TR

1 MRS
L1 AL

L1.1 FEAUARA IVCT CRAERY) W B 73N i
SLH SR ATBR A R NSRS IR BUR R SE (VIS 200

Living Imaging System ) Wy H & EXENOGEN/YTH]; 7900
S EBEPCR (real-time PCR) {4 [ 35 [E ABIAE] ;%
LT TR H 25 [ Molecular Devices/\ Tl 5 e %R
% (ChemiDoc XRS System ) l) [ 3 [F Bio-Rad/\AF]; B2
THAYE L (Microfuge 18) ) H 3¢ [E Beckman Coulter/y
w; A A E Airtech 23 F]; R WA (P-2.5, P-10,
P-100, P-200, P-1000) Ity F f&[E Eppendor /N ) ; 155K K i fir
HVP-50) F H A Hirayama/\A F

1.1.2 SZEGAhY) Vegfr2-lucBB 3L/, HER M 4liA (nu/
nu) , WEECNZRE (nu/+) , A H 3 [E Xenogen /A1)

1.1.3 A F] BRNAFEBGL | Trizol Reagentlly [ 5[5
Invitrogen/\H]; M-MLVisi 5 5§ | FEALS 149 . RNasediii]
7. ANTP mixFl1%5¢ 6 2 MR M7 & (Luciferase Assay
System) A]E] %Promegaé}ﬂ; DNA Marker DL2000IAH
HATAKARANH]; 5762 (D-Luciferin Firefly) 4 | 55 [
Xenogen/\ )5 /NG AR B SRR A FHIE 9 4E 18 A 4R 20 v
BRI B L 5URM 2 F]; VEGFR2SEI TE HPCRS ) |
Goldview %2 Y b HIA F AL 3 € A A vl s BE ik A 1 356
[#Sigma/y]; SYBR GREEN Master Mix Al /\ B4 I FH 55
[ ABIZS ] s BCAZE [k B2 i 1277 2 ) 5 56 [E PIERCE Y
F]; JTGRNase L 36A0 3k | M3k & EPE X PCREFIAH 3
FAXYGENAH; oKW, Sl . =A%t . EDTA,
BN A [ P 43 br 4l i

1.2 Jiik

1.2.1 SEE/NRAIIRFERIAS B Vegfr2-luckh 3k [R/NRUIA 33
TEYVCUCHt A, F A i | R T 20K 10 s D /N
FEIGHAEAN B BB AR AT TE

1.2.2 /NHHAZIDNASEIE /N AR 21K B 3L o JE IS 5
BUNREE (£50.5 cm) , /il A600 uL TNES (10 mM Tris
pH7.5, 400 mM NaCl, 100 mM EDTA, 0.6%SDS) Fil18 uLz&
1K (20 mg/mL) 55 °CHiF 524 h; il A166.7 uL 6 M NaCl,
JIZIRE 1S 512,000 rpm 5005 ming BUH 13, A A
FUK ETA 95% 2.1, 12,000 rpm .05 min; 3725 [if,
JIA0.5 mL 70% Z 21, 12,000 rpm 5,005 min; ULTERD N
/NHEEHIDNA, 7525 B3, FrULiE KR IA 200 uLK
PEE KR, MIDNAMREE, & T-20 CUKFaA I,

1.2.3 PCRYFEluc /il BUNHIEE4IDNA 100 ngfEMiE
WA TPCRIUNE . LuciEH5 |15 41): Eif S TGGATICT
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AAAACGGATTACCAGGG -3/, T JS-CCAAAACAACA
ACGGCGGC-3', § ' Har=# K J& 41,000 bp., §Z-globulin
BIF5: LS -CAGACGCCACTGTCGCTIT-3, Fiff
}S TGTCTTTGGAACTTTGTCTGCAA-3’, § =K
J£°H500 bp, PCRJZ i 244: 94.5°C. 40 S; 58 °C, 1.5 h; 72
°C. 1.5 h, EJFF 13 MEFR, IPCR 10 uL7E 1% 35 5 B
BEMEHHLTK , BERRAN EMEEIEA
1.2.4 /NRIERSOCHUER TR ATE FREE Vegfr2-luchy
FEDR/INER, 18 i 5 9¢ 6 & (luciferin) 150 mg/kg, 10 min
Je W FHTVIS20076 A iR RGEHEA TR . TVISTE ARG R
PR HTRAREE R 3 3IXF3 . 4. 6. 8, 10FILSJEl kY Vegfr2-luc
R B/ INEE DL RIS 1A 7 4 B U (BBt ]
FUSE3HU/INELD) , BB R R20 s, S K BREHARTH FUAN ]
T U 22, B BHARTET AR i & th G ECh S0 25 2
(p/s/em®) o B SZIERIGE T 5, B3 R-4 R XHG LT
B—x, HEFRURME S FEASE I, BRG] AL s, 1
P 5 AR ) B Rp/s o
1.2.5 R RRIGOME AT ST B3 8 i M1 Vegfr2-
TucE BRI, K7 A D AR B R ) B A B, SR
Ja FABY )8 de—H AR L 8 mm A RITE 42 B Tk (045 F
2. B )ZFETHE) .
1.2.6 /NRANESHLUE Ah ORISR IE  FRIE
AbBEe I (HfEAERS3 ) 8JRIIA S L AR /INER, BRUIH L o0
JHLE LA B SR ALAE RS . S IR 100 mgZH
ZUE TOHRT, INARA, K HHE BUR 408K 5 i APLB
(passive lysis buffer) , 7E¥& & M37 "CKIE I SRR3R,
PAFESr 24 851 5 12,000 rpm .04 min, YR B3, EIEH
RIS 22UV M 1 FHBC AN A2V Mk B . 2R e it
Ji e B N 2% il A 00 3500 6 1 50 ARG I 45 et 2 2 B
G Z B AR XTI 1
1.2.7 Real-time PCRAG I [T 2 Z{H VEGFR2 mRNA[Y)
FIR K BORBU 45 IEAS 4141100 mg, Trizolik HEHUE
RNA, j# 2 5N EETUE R AARNA, /00t E i, |
AR S L KRG U A RNAA T i, 4% BB Promegaidfi % 5it 5]
AU B HRVE S cDNA, FTHIS 5151 A SCik™,
HFE B A 2 Fl A . VEGER2G WP AR : [3i#S-G
CCCTGCTGTGGTCTCACTAC-3", FiiS-CAAAGCATT
GCCCATTCGAT-3’; NS KN A/ Cyclophinin, 5|¥)F
B4 ES-CAGACGCCACTGTCGCITT-3’, Fiis-TG
TCTTTGGAACTTTGTCTGCAA-3’; %8 ABI SYBR Green
Master Mixiz{ 5l & i A5 #4E
1.3 Geite#4b B ) FHSPSS 16.0 48 4Rk A Tab Bl 1 i

Pk Mean+SD, 2 [A] Hb A SR FH BRI 28 5 22 400t AH G
3T R T B A 6, I mRNA 3k 7KOF 45 % AR
XFE SAACTIE B AT, AACt=[Ct GI (RIS ) -
CtCyclophinin(CRHMEES)]-[Ct GI (K IERES) -
CtCyclophinin (RZIEFEAR) ], PHHIN & F=m 2 vereeact,

2.1 FEEPR/INE B F RO Sl A/ N EL B 3 DR/
BZEIVCIEEN A K BT R AT, it A6 H-10 RS, #
1R AR EEH3M, Hh13)ih, 1123, #MiE38100% . 4nfEl
LT 7RTuc & /21,000 bp, PZ:B-globulinfiS00 bp, Luc #r
A/ N LR 50% (56/112)

2.2 BLIR/NRUR B B luche G RS BEE B
WA, A2 /N BB M7 R 0 7 35 AR UG i AR A i T ¢
HAE R REAR, AN ] JE i/ INER 2 (8 = () 1 22 S A Ge it
22 X (P<0.001) 5 1SJRIIA R L R/ INGR 53 SR i AR Tu e
622 A/ G325 L (P<0.001) , HE KRB AKE (K
2).

2.3 FERP/NRA MR luci P MVEGFR2 mRNAF) KK
P 1 2 DL/ DN B O 85 0 D1 2 Rl T 2 M v IR Y
S R0 111 N R =N = AN 1 = 311 1) s e N i
JE A lu el PR 1) 22 A Ge 1127 2 X (P<0.001) ; VEGFR2
mRNA 1) 3% 35 7K s B RGP AR i 77 '
JIE O B R UFIHEE, A [F]E 4 VEGFR2 mRNA K ik 7K
FIZE R A G E X (P<0.001) (F3) 5 &S ESRIEEER
Fi 15 1 FTVEGFR2 mRNA )3 35 K52 IEA O (r=0.948,
P<0.001) . AR BE DR /INERAS I 25 2 S 28 TR 1k A v IR
AU AR A . S20AL L B L GO0 L B LRI, A

1 PCREEIUCHREERE. M : DNAmarker ; 1: luc’/MiR 5 2 lucMR.
Fig 1 Detection of luc reporter gene DNA marker. 1: luc- mice; 2: luc” mice.
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B 2 Vegfr2-luckEE/NRERKELEIRPluclIREFER. A B
Vegfr2-lucREE/NMR (n=3) 2HEHERHZ. 4. 6. 8. 10F115Fi#
TREMAAEMAIAE, REHNHEEREMRRE LR, RAXLESH
3B MARGBGATREEL/NRENFHALHNREE (p/s/
an?) . BEEREBHK, luckiABFHEE (P<0.001) .

Fig 2 Luc expression during postnatal development. A: Female Vegfr2-
luc mice (n=3) at the ages of 3, 4, 6, 8, 10, and 15 weeks were imaged
with IVIS in vivo living imaging system. Luciferase signal was collected
from the dorsal and ventral sides of the mice. The color overlay on the
image represents the photons per second emitted from the animal, as
indicated by the color scales; B: Quantification of luc signal from the
whole body with Living Image software (p/s/cm?). Luc expression in

Vegfr2-luc transgenic mouse decreased with age (P<0.001).

[ RS lucliG PE ) 25 S A 4127 5 X (P<0.001) ; VEGFR2
mRNA T KA =5 B AT AR R Bl B
kL SEAL BB WURUIFIE, ASRIE#SVEGFR2 mRNA k7K
S R GE T ETE L (P<0.001) 5 B2 JUBRANE, 4575
PV EEEIENEE R FIVEGFR2 mRNA ik ACE S E AR
(r=0.836, P<0.001)

2.4 R E R P A D b lac TG AR B I 5%
FER/INER R AR 3 08 S R T I 3 x7 B, A B A A
MENuc I, A OB A FEARWHE S, lncdOBEA
WG, 557 R-S510 RIS IA BN , Bl #5186 5 1 T2 40 o
B, Tac O GIH B HT AR, BIH20R B FEASE BT, Hik
R >l G155 AR R] s luc 2 G IH 0 22 4
GeiteE i L (P<0.001) ([514)

A s
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& 3 HEE8EEVegfr2-luckEE /MR (n=3) FAERFluciEEFMVEGFR2
MRNARIRIZER. A BER/DRESIEFANEAMIuCGE! ; B : Real-
time PCR#& N & Bk 28 2 2R FVEGFR2 mRNARIFRIE B, & HEZEVEGFR2
MRNARIFRIE K 5N REEEFEHEXE (r=0.948, P<0.001) .

Fig 3 Vegfr2-luc expression in different tissues of 8-week female trans-
genic mice (n=3). A: Luc activity in different organs; B: Real-time PCR
analysis of VEGFR2 mRNA expression in different organs. Luc activity
correlated with VEGFR2 mRNA expression (r=0.948, P<0.001).

3 it

Vegfr2-luck B /INR BE I H N Y VEGFR 22 4L g 1
SN, Hoh— 2 S 0 R ) e Tk b SR PRl 2 S A — 2%
SENLIER A FRIK o LucH 5 R B 46 A B VEGFR2 Hrfr—
AN LR 5 — A B, VEGER2 W E ISR Sl luctik
WAL . HIE, Vegfr2-lucH B KN Y VEGFR 255
D7 IR SR Z4 AT (luc/ VEGFR2) , #HS F A/ Ml
HEAF luc i L L5124 50% . PCRAGINHTAE /N DN A
W lucki 15 L, AR/ NEUH ) S0% 485 5 Tucdi 1 SE A, 553
WIEATT.

VEGF5 HAZ A VEGFR2[GHH BAE /NS IG & &
A AR S A A I A A RS 45 8 DG TR EEVE A /R
A R R B R R B B R R A B A, VEGFR2
2 st AR R RN /INRUR TR, I A
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4 FHBGREIREPHOLHIUGREER. A RGESEIRPREMNBSHBEER (n=3) . ORAVGRIANE, ZEIHERGEE
4. 7. 10 14 17RIVRBATRUE 5 B : RABEEBGRERLGOLMTRE (p/s) o HOLIucELEEZRIEEFEHRS (P<0.001),
Fig 4 Luc expression during wound-healing. A: The wound-healing model mice were imaged at selected time points (n=3). The day 0 image was tak-

en immediately after wounding, and subsequent images were taken on days 1,4, 7, 10, 14, 17, and 21 after wounding. B: Quantification of luciferase

expression (p/s) from the wound area with Living Image software. Luc expression first increased, and then decreased in the wound area (P<0.001).

/0, VEGFR2FIBWFEAL. Al Vegfr2-luckt 5L A
AN TG R AR 25 R BoR, R BRI /N lucf 25 2L R 1
FIRACTH G, Bl /INEUSERE SN, Tucki 5 3L % K
B>, BN6JR LIS, kb F—AHIx e Aok
-, LucH 45 5 PRUFE B4R M1 Ve gfr2-Tuc i B2 DR /)N BRI i
T E AR RT3, AL e A I R I #4522 S5 AE X
B o e Vegfr2-Tuc KL DR /I B i I A1 52 AL Tu it
IR R R IB PR R, H e MR 2B ARG Kk B
HISEALA LIRS, B Vegfr2-Tuc 3L R /NR A4V E 121
VEGFR2 mRNA )R K 7KV 5 Tuciz 45 JE R 1 22 35 7Pk
IEASE, X 5 XENOGENZ 1) & R 1 KT Vegfr2-luckk FL A
/INERER SR A —

W HER N TR A 4 2 (LR R R . B A
L) VBRI A R WA ALY, R R A 0 2 ok R
e HU e R IR A FE s B IR 6 S A i AL

(H,0,) REfE #EVEGFFAIVEGFR2FE AN, MM 2 1M/
Bk, ARITHEE" . SE B R I A3,
FHR I AS B A 2 e 2 s, HENE R 5ER. 1 Vegfr2-
TucE I R /INSR B3 18 AR 8 37 5 AR 2R LR BV REAG I Euc i
Fik, BT REBIORIF R B /KCE, 520185 RRESE
T/ D e o XU R HE RN U B 2 1
Hh, Tl IR TR A 1073 16 52 A A R I LA B A

25 BTk, B Vegfr2-TuchE I R/INRUA P Tucdit 5 &
R () 22 5 e R B R N VEGER2 [ 22 3515 0, B AE8h 7K
Al APEWFZE A4S B A A A T
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