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VEGF 77 3 —BIZTHOBELEH

— VEGF-B, VEGF-C, PIGF % 2 — K4 % o cDNADSHE & &P R HAE,
R AR 317 A VEGE 7 7 X)) —BIETFHREROEEIMRENT —

SRR IR RS I (6 1 IR W)
2 WE

B

I P Rz el R - (vascular endothelial growth factor, VEGF) 77 3V — 2B 5 # L\ * > 23—, VEGF-B, VEGF-C,
i B T (placenta growth factor, PIGF) O/ EMITHORBL ZORMEI S 21295 HIT, 7 ¥ L%k cDNA
5475 -t ) BRETF 12— F45cDNAZSHEL THESREE 1572 0 2278, P L= R yIc 0 & v O ISGH M ILE
FE R & v - RN E RN THOVEGEF 7 7 3 — DRBEEEWIT L. 72 VEGFB cDNAWE21 7 I ViR 7
FATBI S 18O T I /B b by 7 %a—-FL, L MEFIEXZ LAFFTOBT%, 73 J BT 93.6 % DA
MEBELTWE, 7, ANIFTFATRATIA L TIZENELZEEZLONDLI86T I /B0 5 LAMAEHE I~ T
BNYT Y NS EEENS. Y VEGE-CHcDNAIX207 I /RO Y VR R S 4200 T I WIS RL 0k
a—FL, B FEFIEEREBELTCXZLAF FTIZ869%, 73 J T3 88.1% DAEM A A LT 7. 7 ¥ PIGF ¢cDNA 1320
IOV FVE R EL4EOT I Vb Rs Y vy Ea—-FL, B MEFEX S LAF NTIET49%, T3/
BECIX75.2 % DA 2 A LT\ 7z, EREERIRE T 72X SRIRAE TR 2 U 2o vy & BRI B TR S MG & e b B2 L
A R A S K ) A'RNA % 58 L, M#EE (reverse transcription, RT)-PCRiEIZE W VEGF 7 7 3 ) —DOREHEMET L
sE M T VEGE & & 312 VEGF-B, VEGF-C, PIGF¥-<TOmRNAZSHRH &7z, #APCRIEI & ) NEMIIIZAFAES
AVEGE77 31 —OmRNAIL, BB L ZVEGF2$7.5X10°2 ¥ — /4 gK1) A'RNA, PIGF#$9.5 X 1073 ¥ —/ug R A
RNA k #5E 87>, VEGF-B & VEGF-CIZEBOHBEL T CENEN 38X 10T ¥—BIU4X10°2 ¥ —/ng R A RNALL
Fritmsns, BECEEMZTIE, VEGF, VEGF-B, VEGF-C, PIGF mRNA#A%,gRY A'RNAD - FNFhBBLE
24X 1062 ¥ —, 12X10°aE—, 1.2X10'2 ¥—, 24X10'a—LBEEESNT. DEDORERE D, MAMEE R &2
VEGF O &4 7% 6FVEGE7 7 3 ) —OoRF2HHELTWwA I &, 2 ToREMIETIEPIGE, BALMIE T VEGF-CH®
VEGF L ) £&IZFELTWwAZ t‘/)fﬂﬂ%f.’\t& D, ThSEFLVEGFE L BITH— by )y Fid87 2 YiZmEAIE
Bl LI S M L AT IS S L T TSI E A b h.

Key words vascular endothelial growth factor family, microvascular endothelial cells, pericytes,
hypoxia, cDNA cloning

MAFFEREFOBMME»LHLVOEOR Y FT— 8 P, RSB AAL R TR TR, VNI & AL
MAESNBHRT™, HEORE - ECEM, fIEEEYE THHBORER, bbbl M "?fﬂJRW&{IﬂlYJJ: gl
FTaLETRETHD, 72, HAOHER - HELHERF I PN B eI, A D TEREESRIRRE T O & 4 O#ilfu OB

ANIAEEE, VU FHEEE S L 0T - BRI BRI AT U 7ok, (RS TR AR B & O R At T

FTaI b, MM%1®L<&£10%@ﬁmﬁ%%%%
MPIZT B LI, THOEFORE - EROBRELHEKL, £
DFF - @ﬁﬁ%m%T&tfiﬁt%x%ﬂ%

ER O MEH A DB TH 5 M L E I MAE N & nEHR
-MW#%%&éhfbb,_ﬂ%_ﬁmﬂﬁﬁwﬁﬁﬁﬁﬁ
MR B BRENHIEICEE . F L 505, MEHLEE
FUT LR LELER RO BT LEBRERETH S

FERLOE1LH 26 B%AF, FROF12A 22 HZHE

IR 18R T (vascular endothelial growth factor, VEGF)”% =7
— FFaBETORBSHFEEINLI L, ZLTHEESALS
WHVEGED A — b2 »E7/13285 2 ) YEIZERLT, W
RO A RET S I E FFR LAY FRE, B MK
DR NI PR R SR OB R & F T, (R SRRAE A/ L
‘“"V\]fx%‘[ﬂﬂﬁ“@ b FOMIE L ERREEREL, e
B EEPEAETAVEGF 2 AL TWAZ LEEHL M

Abbreviations : bp, base pairs; Flt-1 fms-like tyrosine kinase-1; Flt-4, fms-like tyrosine kinase-4; kbp, kilobase pairs;
Kdr, kinase insert domain containing receptor tyrosine kinase; PIGF, placenta growth factor; RT-PCR, reverse
transcription-polymerase chain reaction; VEGF, vascular endothelial growth factor; VEGF-B, vascular endothelial

growth factor-B; VEGF-C, vascular endothelial growth factor-C
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L7z & 642, RN O RERRIRGE COMMIRED, 1K
FeECRHBEHR R G EETBEVEGFE ML TWAE I EEHL
Az L7z,

T B, VEGF LHHAMAGTH2HEORT, T4bb
VEGF-B", VEGF-C®, Mi#mRKF (placenta growth factor,
PIGR)® 28 &, VEGFIZHED A »N—» b 5 85 F7
7IN—EBRLTWAILDHLNE R - TE7. VEGF-B
OERZHERIVE LB EN TR WA, VEGF-C i3 fms#
F-11 L v ¥+ — ¥4 (fms-like tyrosine kinase-4, Flt-4) (5%
VEGF %% 1£-3 (VEGF receptor-3, VEGFR3)] BI U ¥+ —+
A= FALEHFLVETY—FO L »FF—+ (kinase
insert domain containing receptor tyrosine kinase, Kdr)
(VEGFR-2) &, PIGFI3FIt1 (VEGFR-1) &HEMERT L Z &8
RENTWEY, CWHLVEGF 77 I U—IZBTAH LW A Y
N MRV E AR TRV, ThsogERIEY
FTNHMBEMBTRIAL CHAE? O L, MBOEEMHE
HReMEHELOMbLYPEZ ONL, KL TIE, MEHR
HYTOINLVEGEF7 7 3 ) — O3B E FOHl# % & iz
THIERZAMELT, £9% 2 DVEGF-B, VEGF-C, PIGF

#2— F35cDNAZDEEL THOTERLDBEZREL
7o S50, Y UHEMUNLE S B A L ¢ b R N
M2 3BT A VEGF 7 7 3 ) — D& MNF O mRNADHLE L #
DELEHL 2T 5 ELITEBR IO 2 FRETOREE
AT L7z,

¥ s &L UFHE

I. # #

Y L LIEH S cDNAS 4 75 1) —i&, Uni-ZAPIIRZ ¥ —iZ
SEESH R 14 it (kilobase pairs, kbp) O LM
cDNAAHRA S N7 b O T, Stratagenett (LaJolla, KE) 6
BEA L7z, & bEMM/ANMENEMRIL Y R 7H @E=RN)
LD EE SN 7 O R RSN U 2 S B o
TNEMTHBELEERL 72,

[. 4750 —-x5)—z2 B70— 708

L’_ bEB LU~ AVEGF-B, VEGF-C, PIGF® kT w ¥ —fif
FrC X ) B CREEOE R ERE L, ST I/
BRECHNZA G AR P cDNAD X 7 Lt F FEHIZEIWT
PCRH 79 4 v—%#%&L7:. VEGF-BH®OYB L U337 I 4

Table 1. Nucleotide sequences of the primers used in RT-PCR and probes for detection of PCR products

mRNA 5" primer 3' primer

Probe

Human VEGF
Bovine VEGF Same as above

Human VEGF-B  5-GCCAAACAGCTGGTGCCCAG-3'
Bovine VEGF-B 5-CACAGCCAGTGTGAATGCAGAC-3'
Human VEGF-C  §-GGTCCTTCCACCATGCACTTGGC-3'
Bovine VEGF-C  5-GAACAAGGCTTATGCAGGCAAAG-3'

Human PIGF 5-ACCATGCAGCTCCTAAAGAT-3'
Bovine PIGF 5-GTGCCCTTCCAGCAAGTGTG-3'
3 -actin 5-ATCACCATTGGCAATGAGCG-3'

5'-GGCCTCCGAAACCATGAACTTTCTGCT-3'  5-CCTCCTGCCCGGCTCACCGC-3'
Same as above
5-CTTGGCAACGGAGGAAGCTG-3'
5-GATGGCAGCCTTGGAGAGAC-¥
5-GCATGCATTGAGTCTTTCTCCACTC-3'  5-CTCTGTTATGTTGCCAGCCTCCTTTCCTT3'
5-CCACATCTGTAGACGGACACAC-3
5-CACTGAATTCCTGAGGGTCCTG-3'
5-CTCTTCCGAGGGACTGGTTAC-3
5-TTGAAGGTAGTTTCGTGGAT-3'

5-GGTGAAGTTCATGGATGTCATTCAGCGCAG-3
S§-CACACACTCCAGACTTTCGTCATTACAGCAG-3'
5“TCTGCATTCACACTGGCTGTGTTCTTCCA-¥
5-CACTGAGTCTGAAAAGCAGTTTGTCACCTTCG-¥

5'-GTGGCATGCATTGAGTCTTTCTCCACTCATTAT-3'
5-CTGAGAGAACGTCAGCTCCACGTAGGA-3'
5-TCCACAAAGAAGGGCTGGTCCAGAGA-¥
5-TGAGGCACTCTTCCAGCCTT-3

Table 2. Nucleotide sequences of the primers used for construction of the templates for competitor RNAs

mRNA 5' primer

Human VEGF

5-GGCCTCCGAAACCATGAACTTTCTGCTAGGAGTACCCTGATGAGATCGAGTAC-3

Bovine VEGF

(nucleotides 244-269)

5'-GGCCTCCGAAACCATGAACTTTCTGCTAGGAGTACCCAGATGAGATTGAGTTC-3'

Human VEGF-B

(nucleotides 730-755)

5'-GCCAAACAGCTGGTGCCCAGCAGATCCTCATGATCCGGTACC-3'

(nucleotides 301-322)

Bovine VEGF-B  5'-CACAGCCAGTGTGAATGCAGACCAGCTTCCTCCGTTGTCAAGG-3'

(nucleotides 587-607)

Human VEGF-C ~ 5'-GGTCCTTCCACCATGCACTTGAGATCTGGAGGAGCAGTTACGG-3"

(nucleotides 513-534)

Bovine VEGF-C = 5'-GAACAAGGCTTATGCAGGCAAAGGAAAGGAGGCTGGCAACATAG-3'

Human PIGF

Bovine PIGF

(nucleotides 378-398)

5'-ACCATGCAGCTCCTAAAGATCCAAGGTGCGGCGATGCTGTTC-3'

(nucleotides 741-760)

5-GTGCCCTTCCAGCAAGTGTGGGCTGCTGCAGTGATGAGAG-3'

(nucleotides 561-580)

Underlined sequences indicate the nucleotide sequences of the primers used in the competitive PCR, which are the same

sequences as those used in the RT-PCR.
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7 —EFNFNRE | cDNAYOIEIEEZ 93117 & 409-426 (2515
%, [EI#EIZ, VEGF-Cl3k b cDNA® M 23 5 968-987 &
1588-1609 1=, PIGFi3 ¥ b cDNAYDIEHE 5 443-462, 631-652
ZERENIET S, T VLB S 2 4 v 7 T Ly 7 mRNAK
#% v b (Pharmacia, Uppsala, A7z —7 ) &HWTHHE
L7=HJARNAZE L LTETIAv—ty PEHVART-
PCR#% 4T\, HIEDNAMW A % pCR2.1 X~ # — (Invitrogen,
San Diego, KE) 22 u—2fblL7z. Mol lAarhz 77 A
IR RO L O EACE) & e L o #E R, VEGF-B, VEGF-C,
PIGF 7'J £ = — THIE & 72 DNAWTF 1ZxtI59 % & b cDNA
L FNEFNI1.8%, 88%, 86.8%NMEMEEZRL/ZZ D
5, ™Y VEGF-B, VEGF-C, PIGF cDNA D5 -EL41 & 5 &
nrz. 575 A3 FERERBREBHBERHLL, ~25—D
S0 Y H S rziE A cDNABRKHI & RIS 7 ' — ZERIKE) T
SEELTT R — TR E L.

M. cDNAYO—-Z=>F

7 EHEET 7=V DNATA 75 — GHI0MED 7 7 —

1 200 400 600 800 1000 1107

I | I | | [
Pst] Pst]

L -

- -

B

CGGGCCCGCGCCATEEGGCTCTGGCTGCCGCCGCCCCCCGCGCCGCCCGGCTAGGGCGAT 60
GCGGGCGCCCCCGGCGCECGGCCCCCGCGEGCACCATGAGCCCCCTGCTCCGCCGCTTGC 120
M _ S P L L R R L L 9

TGCTCGCCGTECTCCTGCAGCTGGCCCCCGCCCAGGCCCCCGTCTCCCAGCCTGATGCCC 180
L AV L L O L A P A OA PV S QP DA P 29

CTGGTCACCAGAAGAAAGTGGTGTCATGGATAGACGTGTATGCTCGTGCCACCTGCCAGC 240
G HQ XK KV VS WIDVZYH ARAMATTCOQTP 49

CGCGGGAGGTGETGGTGCCCCTGAACATGGAGCTCATGGGCACTGTGGCCARAGCAACTGG 300
R EV VYV PLNMETLMGTV AKOQILV 69

TGCCCAGCTGCGTGACAGTGCAGCGCTGTGGCGGCTGCTGCCCTGACGATGGCCTGGAGT 360
P S CVTVQRCGGCCPDDGTILEC 89

GCGTGCCCACTGGGCAGCACCAAGTCCGAATGCAGATCCTCATGATCCAGTACCCAAGCA 420
vV PTG Q HQVRNOTIILMTIAOQY?®PS s 109

GTCAGCTGGGAGAGATGTCCCTGGRAGARCACAGCCAGTGTGAATGCAGACCAAARAAAC 480
Q L G EMSULETEHSOQQCETCRZP_K KR 12

GAGAGAGTGCTGTGAAGCCAGACAGCCCCAGGCCCCTCTGCCCACGCTGCCCCCAGCGCE 540
E S AV K ?PDSPRZPILCUPRTCPQ_R_R 149

GCCAGCGCCCTGACCCCCGGACCTGCCACTGCCGCTGCCGACGCCGCAGCTTCCTCCGTT 600
Q R P DPRTCHGCRCRRRSTF LR C 16

GTCAAGGGCGGGGCTTAGAGCTCAACCCAGACACCTGCAGGTGCCGGAAGCTGCGARGGT 660
Q 6 R GL EL N PDTC_RC_RKUL_R R * 188

GACAAACTGCTTTTCAGACTCAGTGGGGCCCCTAGCCTCACAGCCCTCCCCCCAGAGAGE 720
GCAGGAGGGCAGCCTGGTGAGAACCGTCCAGTCGCCARGACCTCAGCCTGGGCAGAAGCT 780
CCTCCGGGACCTGGGCCTCTT CTTCCAGCTGCCCCTTGTCTCTCCAAGGCTGC 840
CATCCAACAACGTGGACAGAGTTGGATGAGGAGACCAAGAGGGGTCACATACCAACCTGG 900
AAGAGAATGGGGTCCCGACTCAGATTTTARCCACCTTGTACAAGTGAGCATCTAACAGCT 960
GGCTCCTCTGTCCCCTCACTGAGAAGACCCCAATCCTCTACAAAAATGTGGGAGTTGGGC 1020
TPCAGCGCAGGAACTGTGAACCCCAGTCCTGATAARAGAGATGGAAGGAACTGTCAARAA 1080
AARAAAAAAAAAAAAARAARAAAAARA 1107

&l

VTSI -7y F 40 BIZES %, Likos  VEGE-B,
VEGF-C, PIGF cDNAWi % 7u—7L LCAs ) —=0 %
fTolz® #0OkE, VEGF-B 71— 7TI328{f, VEGF-C 7
7 — 7221, PIGF 70— 7 Cid 13D+ 87, [
DTT—=INA TN T4 X =2 a L) TT— 7ML {To
72t%, ~NVS—7 7 — U ExAssist & KIgE SOLR % Hl v 72 #ifk
BRI AT LI2E ) ZDNADEEEX LD TFAINIO
- EE

V. DNAEEEFIORE

FEl 79 A3 FDNA%2#EI L LTEFNV3T3DNAY — 7 >~
= (3—F T v —¢tt, Foster City, KI[E) % KT cDNA
DX VFF FEFFRELL. v A8, 7rF4r A
BIZDoWT Yy =7 Y AR &R ITV, 5=3, 3F=5FHHO
DNAMEHE LT —HEET S L9107 (M1A, 3A, 4A
ZR).

V. nERIBOEREEE

v Mg LM, v o MEREMROEET I A%

C

-21 +1 v
Bovine  MSPLLRRLLLAVLLQLAPAQA PVSQPDAPGHQKKVVSWIDVYARATCQPR
Mouse Tk AR T*IIRYRRK AR ADPhK* kA RFHGRGHhhhhh*Phhkkhhkh ok ks
Human FhRFEKKRRIRQR* R RRFRRE KR IR R AR IR RRE*odekdeokdk R Pokekkkk ok k
A\ v y A
Bovine EVVVPLNMELMGTVAKQLVPSCVTVQRCGGCCPDDGLECVPTGQEQVRMQ
Mouse ******s*****N*V***********************************
Human 'k*****TV**********i****************** hddkhkkkdkhkdhkkk

vy v v
Bovine ILMIQYPSSQLGEMSLEEHSQCECRPKKRESAVKPDSPRPLCPRCPQRRQ

Mouse R R R Lt e e SRS R R S E S R R 2 L L L L sl
Human Sk KRk khkkkkkkdokk ke k ok ok kKD hkk ke k ok ko kkk ok Ak THHH®
vvy v vy
Bovine RPDPRTCHCRCRRRSFLRCQGRGLELNPDTCRCRKLRR 167
Mouse FkkokkkIRI IR K ARRHKPR R AR Ak hxkkkkkk**P*K 167
Human SekkkkkRRAK kAR kR hk Rk kA AR I AR R hkkhkkhkkhk 67

Fig. 1. Isolation and characterization of the cDNA encoding
bovine VEGF-B. (A) Sequencing strategy for cDNA encoding
bovine VEGF-B167. (B) Nucleotide and deduced amino acid
sequences of the bovine VEGF-B167 ¢cDNA. Nucleotide
residues are numbered in the 5’ to 3’ direction, beginning with
the first 5’ residue of the longest cDNA. Amino acid residues
are numbered beginning with the initiator methionine.
Sequence of the putated signal peptide and polyadenylation
signal-like sequence are underlined. Basic amino acid
clusters and sequence similar to hypoxia-inducible protein
binding sequence 5-(U/C)(C/U)CCCU-3’ are double-
underlined. The nucleotide sequence has been submitted to
the DDBJ, EMBL and GeneBank with nucleotide sequence
accession number AB004273. (C) Alignment of the amino
acid sequences of bovine, mouse and human VEGF-B167.
Amino acid residues are numbered beginning with the first
residue of predicted mature protein. Sequences of the
putated signal peptides are underlined. Identity of the amino
acid sequences with the bovine sequence is indicated by
asterisks. Cystein residues conserved among the three
species are indicated by triangles.
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KT v MO — VT 2 23— (Bellco, Vineland, [E) M
ZiEE, 0, (5%, 25% F72130%) £ CO, 5%) &N, (90%,
92.5% £721395%) ORAH A (HAEER, W) % 10L/90
METSOMEAN, WM L7k, 37CTUMBESELL. 5
YN IND I AL £ 0.05 % DI T 24— IR R
50,

VI. 55 (reverse transcription, RT )-PCR %

TR BRI (20% 0. F 72 IR 2 RE T C 24 G BIBE 8 L
fze N ERIBANICE MR, v IR AR S 2 Ay
7L 737 O mRNAR#F v b (Pharmacia) #JHWTHEY A
RNAZHEL, RUIRTHEHRT T 4 v — %V CRT-PCR %
o, INBTIAT-WRBFNIFTFATATILL TN
V7 v AR TE A, RT-PCRE, EMME 2% 7
O— A7 NVEKKETHE L, Hybond-N'F A 2 v (7w

-21 +1

MetSerProLeuleuArgArgleuleuleuAlaVallLeuLeuGlnLeuAlaProAlaGlnAlaProval

ATGAGCCCCCTGCTCCGCCGCTTGCTGCTCGCCGTGCTCCTGCAGCTGECCCCCGCCCAGGCCCCCETC
GCAGCTGGCCCCCGCCCAGGCCCCCGTC
GlnLeuAlaProAlaGlnAlaProVal

SerGlnProAspAlaProGlyHisGlnLysLysValValSerTrpIleAspValTyralaArgAlaThr
TCCCAGCCTGATGCCCCTGGTCACCAGAAGRAAGTGGTGTCATGGATAGACGTGTATGCTCGTGCCACT
TCCCAGCCTGATGCCCCTGGTCACCAGAAGARAGTGGTGTCATGGATAGACGTGTATGCTCGTGCCACC
SerGlnProAspAlaProGlyHisGlnLysLysValValSerTrplleAspValTyrAlaArgalaThr

CysGlnProArgGluValValValProLeuAsnMetGluLeuMetGlyThrValAlalysGlnLeuval
TGCCAGCCGCGGGAGGTGETGGTGCCCCTGAACATGGAGCTCATGGGCACTGTGGCCAAGCAACTGGTG
TGCCAGCCGCGGGAGGTGGTGGTGCCCCTGAACATGGAGCTCATGGGCACTGTGGCCAAGCAACTGGTG
CysGlnProArgGluvalvalvalProLeuAsnMetGluLeuMetGlyThrValAlaLysGlnLeuval

ProSerCysValThrValGlnArgCysGlyGlyCysCysProAspAspGlyLeuGluCysValProThr
CCCAGCTGCGTGACAGTGCAGCGCTGTGGCGGCTGCTGCCCTGACGATGGCCTGGAGTGCGTGCCCACT
CCCAGCTGCGTGACAGTGCAGCGCTGTGGCGGCTGCTGCCCTGACGATGGCCTGGAGTGCGTGCCCACT
ProSerCysValThrValGlnArgCysGlyGlyCysCysProAspAspGlyLeuGluCysValProThr

GlyGlnHisGlnValArgMetGlnIlelLeuMetIleGlnTyrProSerSerGlnLeuGlyGluMetSer
GGGCAGCACCAAGTCCGAATGCAGATCCTCATGATCCAGTACCCAAGCAGTCAGCTGGGAGAGATGTCC
GGGCAGCACCAAGTCCGAATGCAGATCCTCATGATCCAGTACCCAAGCAGTCAGCTGGGAGAGATGTCC
GlyGlnHisGlnValArgMetGlnIleLeuMetIleGlnTyrProSerSerGlnLeuGlyGluMetSer

LeuGluGluRisSerGlnCysGluCysArgProLysLysArgGluSerAlaValLysProAs—-~ -
CTGGAAGAACACAGCCAGTGTGAATGCAGACCARRAAARCGAGAGAGTGCTGTGARGCCAGA ~=mmmm
CTGGAAGAACACAGCCAGTGTGAATGCAGACCAARAARACGAGAGAGTGCTGTGAAGCCAGACAGGGCT
LeuGluGluHisSerGlnCysGluCysArgProLysLysArgGluSerAlaValLysProAspArghAla

TCCACTCCCCACCACCGTCCCCAGCCCCGCTCTGTTCCGGGCTGGGACCCTGCCCCTGGAGCACCCTCE
SerThrProHisHisArgProGlnProArgSerValProGlyTrpAspProAlaProGlyAlaProSer

pSerProArgProLeuCysProArgCysProGlnArgArgGlna

CAGCCCCAGGCCCCTCTGCCCACGCTGCCCCCAGCGCCGCCAGE
CCAGCTGACATCACCCATCCCACTCCAGCCCCAGGCCCCTCTGCCCACGCTGCCCCCAGCGCCGCCAGT
ProAlaAsplleThrHisProThrProAlaProGlyProSerAlaHisAlaAlaProSerAlaAlaser

rgProAspProArgThrlysHisCysArgCysArgArgArgSerPhelLeuArgCysGlnGlyArgGlyL
GCCCTGACCCCCGGACCTGCCACTGCCGCTGCCGACGCCGCAGCTTCCTCCGTTGTCAAGGGCGGGGCT
GCCCTGACCCCCGGACCTGCCACTGCCGLCTGCCGACGCCGCAGCTTCCTCCGTTGTCAAGGGCGGGGCT
AlaLeuThrProGlyProAlaThrAlaAlahlaAspAlaRlaAlaSerSerValVallLysGlyGlyAla

euGluLeuAsnProAspThrCysArgCysArgLysLeuArgArg***167

TAGAGCTCAACCCAGACACCTGCAGGTGCCGGAAGCTGCGAAGGTGACARRCTG.  « v u v v s e poly(a)
TAGAGCTCARCCCAGACACCTGCAGGTGCCGGAAGCTGCGAAGCTGACAAACTG . o v v v poly(a)
*%x%186

Fig. 2. Alignment of the nucleotide and deduced amino acid
sequences of bovine VEGF-B167 cDNA (upper two lines) and
a splice variant, VEGF-B186 ¢cDNA (lower two lines).
Nucleotide residues are numbered in the 5’ to 3’ direction,
beginning with the first 5’ residue of the VEGF-B167 cDNA.
Amino acid residues are numbered beginning with the initiator
methionine and expressed as three-letter codes, because this
helps understand the splice site and the frameshift more
decisively. Sequences of the putated signal peptides and basic
amino acid clusters are underlined. Dashed line indicates the
region which was alternatively spliced out in VEGF-
B167mRNA. The nucleotide sequence of bovine VEGF-B186
has been submitted to the DDBJ, EMBL and GeneBank with
nucleotide sequence accession number AB004274.

+ 2, Bucking hamshire, L) (270 v Mg, 5P
S RTO—7 (D) FHWTYIF NI TN ¥4 ¥—>avn
T -7z, % EIZBAS1000Mac (BB H 7 1 L4, B % H
WCATo7:, FFHETFORTPCREIZ & B IELGOHRED
o, BERNAR LIIEY A1 7 VAL CRIB#1TVRT
PCROEEL T IE L7z, ZOME, v+ VEGFBI3#RIK )
A"RNA20ng, 1 7 V#35[ ; & F VEGF-CII88 K1) A’
RNA20ng, ¥4 7 V%250 ; & F PIGFIE 5B K1) A
RNA20ng, 4 7 L8250 & s L7z, FEkIZY & VEGF-B
WIZB5 TR ) A" RNA20ng, 4 Z L3300 ; 7 ¥ VEGF-C (2
12553 A'RNALOng, 4 2 VE250H 5 7 3 PIGF 12 id 8570
A1) A'RNA20ng, ¥ 1 7 V25 & e L7-. b b VEGF,
7 Y VEGF B L U7 8-7 7 F » mRNAMHI 1213 Nomura 5 "D 4=
HAZ L7z TH - 72,

V. #4RT-PCR

M4 T 2 VEGF 7 7 3 ) —®O mRNAS TR0 8
WLEPET 5720, BART-PCRY %47 72, ¥4 FHES#E RNA
1, LIRORT-PCRAKI T I 4 v — K2R LIBES TS
47— & VTR L7 DNA% pCR2.INY ¥ —lZHLAKAT
ERL 78/ X Y, T7RNARY 2 F —+ (Promega, Madison,
KE) &RV RBERNETRSIC L VRAE LA 2 LTE
LU 72854 AEHE RNA & NTEYE mRNA & 1) 418 2 412 DNASH
RIGEDTFOEBY) THE. b F VEGFTIE mRNA HEA602 &
470 35 23} (base pairs, bp), ¥EE& FAZHERNA H13€45297bp T
%, [f#kIZ, & b VEGF-B TIImRNAH3EA%420 & 319bp, %5
& FREHE RNA 13k A9234bp ; & b VEGF-C Tld mRNA [H 3
409bp, #EATHIEHE RNA H13A7257bp ; & b PIGF Tld mRNA
FH6A7384 & 321bp, A MBI RNAM #A3230bp TH 5.
7 2 VEGF Cld mRNA fi 357599 & 467bp, 54 HIkEiE RNA
h3kA7297bp ; 7 ¥ VEGF-B Cld mRNA H1 k55496 & 395bp,
i 4 T HE RNA T 47 280bp ; 7 & VEGF-C Tt3 mRNA [}
H¥348bp, B AHIEEHE RNAH 947 258bp ; 7 & PIGF Tld
mRNA 134410 & 347bp, 5 A1 HEHE RNA 11 497 215bp T
Hb.

SHHS W IR N TR AR L 2 PRI & R A A s L
Z2A) ARNAIZHE{YIHISHERNA 2 Fi 4 o L CiEINL, RT
PCRIN3 7 A v—%HVTrTthDNAFY £ 9 —¥ (i—F >
T —H) 12 &) 65 CTHHET AT o 2B PCRI L & 11 -
Foo M E T AU — AL VBRI, YA 8= = (i
Wk, JGHE THYeta L/ TEmRNA B X OO ERE RNA A 5
i X 17: DNA % EpiLight- 1 (7 1 ¥ > 3 Z€ A4k, &) (2
TR - wa L7z, A= 270) — 2 THINT & vk Flizo
WCHE, F A B SR, PR Y TR LA T R R
TH=TELTNA T 14 E¥—3 3 ¥ %570 BAS1000Mac (2
THRE - 8 L7z, INTEPEmRNA B & US4 THESME RNA A &
BEIR S A7 DNADSSER & %2 2 5%, PMIEMEmRNA B & U4
JHEHERNAZ SR A5 URBTH 5.

134 f&

1. 7 VEGF-B DBt & 18

PCRIEIGcDNAWTH % 70— 7% LTy Ll cDNAT A 7
FU—RAZ -7 LA, VEGF-BO &M% 41
~F%cDNAZ B —>r 287, H1BIEED DNABF) & i
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Fig. 3. Isolation and characterization of the cDNA encoding

bovine VEGF-C. (A) Sequencing strategy for cDNA encoding
bovine VEGF-C. (B) Nucleotide and deduced amino acid
sequences of the bovine VEGF-C ¢cDNA. Nucleotide residues
are numbered in the 5’ to 3’ direction, beginning with the first
5 residue of the longest cDNA. Amino acid residues are
numbered beginning with the initiator methionine. Sequence
of the putated signal peptide and polyadenylation signal
sequence are underlined. Possible N-glycosylation sequences
and sequences similar to 5~-UUAUUUA(U/A)(U/A)-3’ are
double-underlined. The nucleotide sequence has been
submitted to the DDBJ, EMBL and GeneBank with nucleotide
sequence accession number AB004275. (C) Alignment of the
amino acid sequences of bovine and human VEGF-C. Amino
acid residues are numbered beginning with the first residue of
predicted mature protein. Sequences of the putated signal
peptides are underlined. Identity of the amino acid sequence
with the bovine sequence is indicated by asterisks. Dash
indicates gap in the bovine and human sequences in the
maximal matched alignment. Cystein residues conserved
between the bovine and human sequences are indicated by
triangles.
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CACTGGCCGGCTACGAGGGAGAGA AGGACCCGGGATCGCGCTGGGGCTCCTGACCCG 60
CCCTCCCAGGGACCCGCCTGCCCCACGCCGCCCGGCCCCGCCGGACTCTCTGCATCAGCC 120
TTACCTGCGGGGGCCTCCAGAATCTCCAGGACTTTCAGAGGATGCTCAGGTCGCCCACGG 180
GGACCTCGGGGCAGCAGTGAGGGGGGCATCCAGCTCCCATCCARCTCCGGTCCTGCGCCA 240
GGGGCTCCCCCTGGAGATGAGCATGGTGGTTTTCTCTTGGAGTCCCCTGGCTTGGTACGT 300
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M P T VYV R L F T CF L O L L T G L V 18

TGTTGCCTGCCGTGCCCACGACGCAGTGGGCCTTGTCTCCTGGGAACATTTCATCGGAGE 420
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TGGTGGACATTGTGTCTGAGTACCCCAGCGAGATGGAGCATCTATTCAGCCCATCCTGCG 540
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TCTCCCTGATGCGCTGCACTGGCTGCTGCAGTGATGAGAGCATGCACTGCGTGCCCCTGG 600
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AGACAGCCAACGTCACCATGCAGCTCATGAAGTACCGCTCTCTGGACCAGCCCTTCTTTG 660
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TGGAGATGAGCTTCTCTCAGCACGTCCGCTGCGAGTGCAAACCTCTATGGGAGAAGATGA 720
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AGCAAACAAGGTGTGGTGATACTATTTCCCAGAGGTAACCAGTCCCTCGGAAGAGAGAGA 780
Q TR CGDTTI S5 Q R * 149

CCCCCCACACCCAGCTCGTGTATTTATTAC CGTCACGTTCTCAGTTACCTCCCTGCTGGC 840
ACCTGCCCTCTATTTATTAGCCAATTGTATCCCTGCTGAATGACTCACTCCCTCCATGGG 900
ACAGGACCCTCAGGAATTCAGTGCCTTAAACAGAACGTGAGAGARAGAAGACAGACCCAT 960
GTGGCTTCAGCTTGAGAAGGAGCAAGACTTACGGCTTTGTGATGGGCAGGCCTGGCCCCA 1020
GAGGCCCCGGGEETCTCCAGGAGGCTGGAGAAGGAAGGACTGGAGACCCACCACCTGCCC 1080
TCCCGGAACCTTGGGCTCTGCGCAGACCAGCAAGCCTTGCTGGGGCAGCTCCTGGTGGAA 1140
GTGGGGEEGTETGGAGGCCCCTGCTCTGECCACCCTGGCCCTGCTGAGAGGGTGGGCGGGC 1200
AGCCACTCTGCACCCCGGAGGTTGEACGTTCAGCTCTGGAGAACAGTGCTTGCCTGGGGE 1260
GCCTCTGCCACTCCTCGTCCCCTCAGTCTCGCCTCACCTCTTAACTGCTGCTTGTGCTGG 1320
GACATTGTTCTTTGTGGCCAAGGCATCATCATCCTGCCCCTCTCARAGGACAAAGGCAAAR 1380
AGTGGGCCCCAAGCTGGACATGGAGTGAGCTGCCCTCGCGTGGCTGTCTGACTGCCARGC 1440
CAGATTCTCTTGAATAAAGTATTCTAGTCTGCAAAAAAAAAARARAAAR 1489
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Fig. 4. [Isolation and characterization of the ¢cDNA encoding
bovine PIGF. (A) Sequencing strategy for cDNA encoding
bovine PIGF. (B) Nucleotide and deduced amino acid
sequences of the bovine PIGF cDNA. Nucleotide residues are
numbered in the 5 to 3’ direction, beginning with the first 5’
residue of the longest cDNA. Amino acid residues are
numbered beginning with the initiator methionine. Sequence
of the putated signal peptide and polyadenylation signal
sequence are underlined. Possible N-glycosylation sequences
and sequences similar to 5-UUAUUUA(U/A)(U/A)-3’" and
sequences 5-(U/C) (C/U)CCCU-3’ are double-underlined.
The nucleotide sequence has been submitted to the DDB]J,
EMBL and GeneBank with nucleotide sequence accession
number AB004272. (C) Alignment of the amino acid
sequences of bovine and human VEGF-C. Amino acid
residues are numbered beginning with the first residue of
predicted mature protein. Sequences of the putated signal
peptides are underlined. Identity of the amino acid sequence
with the bovine sequence is indicated by asterisks. Cystein
residues conserved between the bovine and human sequences
are indicated by triangles.
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Fig.5. RT-PCR analysis of VEGF, VEGF-B, VEGF-C and PIGF mRNAs in pericytes. Poly A" RNAs from microvascular pericytes, which
had been cultured under various oxygen tensions, underwent quantitative RT-PCR analysis as described under Materials and Methods.
The products were electrophoresed on 2% agarose gel, transferred onto nylon membranes, and hybridized with “P-end-labeled probe
specific to VEGF (A), j3-actin (B), VEGF-B (C), VEGF-C (D) and PIGF (E) mRNAs.
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Fig.6. RT-PCR analysis of VEGF, VEGF-B, VEGF-C and PIGF mRNAs in microvascular endothelial cells. Poly A* RNAs from
microvascular endothelial cells, which had been cultured under various oxygen tensions, underwent quantitative RT-PCR analysis as
described under Materials and Methods. The products were electrophoresed on 2% agarose gel, transferred onto nylon membranes, and
hybridizes with “P-end-labeled probe specific to VEGF (A), f-actin (B), VEGF-B (C), VEGF-C (D) and PIGF (E) mRNAs.
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Fig.7. Competitive RT-PCR analysis of VEGF family mRNAs of bovine pericytes. Competitive PCR was performed as described under
Materials and Methods, and products were analyzed by 2.5% agarose gel electrophoresis and visualized with SYBR green. The RT-PCR
product derived from the competitor (Com) has been designed to be slightly smaller than mRNA-derived products, of which length are
indicated. (A) Competitive RT-PCR analysis of VEGF mRNA. Lanes 1-5 represent: 40 ng of polyA* RNA from bovine pericytes with 1)
9.5 X 10° copies, 2) 3 X 10° copies, 3) 9.5 X 10* copies, 4) 3 X 10'copies, 5) 9.5 X 10" copies of competitor RNA, respectively. (B)
Competitive RT-PCR analysis of VEGF-B mRNA. Lanes 1-5 represent: 20 ng of polyA’ RNA from bovine pericytes with 1) 9.5 X 10
copies, 2) 3 X 10" copies, 3) 9.5 X 10" copies, 4) 3 X 10° copies, 5) 9.5 X 10* copies of competitor RNA, respectively. (C) Competitive RT-
PCR analysis of VEGF-C mRNA. Lanes 1-5 represent: 5 ng of polyA" RNA from bovine pericytes with 1) 3 X 10° copies, 2) 9.5 X 10"
copies, 3) 3 X 10* copies, 4) 9.5 X 10" copies, 5) 3 X 10" copies of competitor RNA, respectively. (D) Competitive RT-PCR analysis of PIGF
mRNA. Lanes 1-5 represent: 40 ng of polyA’ RNA from bovine pericytes with 1) 3 X 10 copies, 2) 9.5 X 10" copies, 3) 3 X 10" copies, 4)
9.5 X 10* copies, 5) 3 X 10* copies of competitor RNA, respectively.
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Fig. 8. Competitive RT-PCR analysis of VEGF family mRNAs of human microvascular endothelial cells. Competitive PCR was performed
as described under Materials and Methods, and products were analyzed by 2.5% agarose gel electrophoresis and visualized with SYBR
green (A, C, D) or autoradiography (B). The RT-PCR product derived from the competitor (Com) has been designed to be slightly
smaller than mRNA-derived products, of which length are indicated. (A) Competitive RT-PCR analysis of VEGF mRNA. Lanes 1-5
represent: 40 ng of polyA” RNA from human microvascular endothelial cells with 1) 9.5 X 10* copies, 2) 3 X 10* copies, 3) 9.5 X 10" copies,
4) 3 X 10° copies, 5) 9.5 X 10* copies of competitor RNA, respectively. (B) Competitive RT-PCR analysis of VEGF-B mRNA. Lanes 1-5
represent: 80 ng of polyA’ RNA from human microvascular endothelial cells with 1) 9.5 X 10 copies, 2) 3 X 10* copies, 3) 9.5 X 10° copies,
4) 3 X 10° copies, 5) 9.5 X 10° copies of competitor RNA, respectively. (C) Competitive RT-PCR analysis of VEGF-C mRNA. Lanes 1-5
represent: 80 ng of polyA’ RNA from human microvascular endothelial cells with 1) 3 X 10° copies, 2) 9.5 X 10° copies, 3) 3 X 10° copies,
4) 95 copies, 5) 30 copies of competitor RNA, respectively. (D) Competitive RT-PCR analysis of PIGF mRNA. Lanes 1-5 represent: 10 ng
of polyA” RNA from human microvascular endothelial cells with 1) 3 X 10° copies, 2) 9.5 X 10° copies, 3) 3 X 10° copies, 4) 9.5 X 10*
copies, 5) 3 X 10' copies of competitor RNA, respectively.
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Table 3. Copy number of VEGF family mRNAs in human microvascular endothelial cells and bovine pericytes

Endothelial cell Pericyte
mRNA . -
Copies/u g polyA* RNA Copies/cell Copies/ ¢ g polyA™ RNA Copies/cell
VEGF ~75X10° 2~3 ~2.4X10° ~12
VEGF-B <~3.8X10* <0.1 ~1.2X10° ~1
VEGF-C <~ 4X10? <0.001 ~1.2X107 ~60
P1GF ~9.5X107 ~300 ~2.4X10* ~0.1

Copy number of each mRNA was estimated by competitive PCR as described under Materials and Methods.
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VEGF-C QOMNISTS YLSKTLFE, prpvTIERANETSOROMSKL by vRdvrs 1TRRS LR

VEGF165 --rEgelse rvobBolrdkEsd------~--—- kTS~ ----RdxaRoLELNHR

P1GF149 ~=-=-CGDTIS 149

VEGF-B167 -~-prEPoRE- - - orebBREAHERG- -~ -~ - - - RREE---F éﬂ

VEGF-C AALPQCOAANKTCPADY TWNNHVIIRLAQHDF 1 FSPSAGDDSADGFEDHIGPNKELD)

VEGF165 " ErdokFRR 190

VEGF-B167 ErdrELRE 188

VEGF-~C BokVCRGELOA SSCEPHREL DRDSCOCVCKNKLFPSSCGANREFDENTCQCICKKTCPRNQ

VEGF-C PLNPGKCACECTENPOKCFLKGKKFQHQTCSCYRRPCTNRVKHCEQGLSFSEEVCRCVPS

VEGF-C YWKRPHVN 420

Fig.9. Alignment of the amino acid sequences of bovine

VEGF, VEGF-B, VEGFE-C and PIGF. Amino acid residues are
numbered beginning with the first methionine. Boxed amino
acids indicate identical amino acids with the VEGF sequence.
Cystein residues conserved among the four sequences are
indicated by triangles. Dashes indicate gaps in the maximal
matched alignment.

Endothelial Cells

Pericytes
Fig. 10. Expression of the VEGF family in vascular endothelial
cells and pericytes.




VEGF 7 7 3 V) — {5 T BEDOfxk & 388 623

FTTmRNAR L $ A HEERNATROBIR S Fos%a L
olzZ &6, VEGF mRNAEIE ~7.5X 10°2 ¥ —/ug &)
A'RNA &g &7z, [EBRIZ, YU A'RNA 10ng V- 8a
RT-PCRIZFE WV TPIGF mRNAZ, 9.5 X 10°2 ¥ — D4 s
# RNAFFFE T ¢ mRNA FR 3k & #E4 HIHEHE RNA H s 0 B8/~ >
PSR E LTS, “9.5X10:It—//1g7]‘~')A’
RNA L fEsg 84172, VEGEB 3 & UM VEGF-C mRNAIETli# &
b8ngFHWTHLEREBUTTHY, ZRLFN~3.8X10'7
F—BLU~4X10°a ¥ —/igF) ARNABT LHEE &N
7-.

v 3 /0N LA T R A B o AR ) A RNA 40ng & W 72 858
RT-PCR! jbu\’CVEGI‘ mRNA L, 83X 102 ¥ —£95X10'2
¥ — D @A HEEHE RNA O 8 ¢ mRNA HI 38 & 54 7 2 H#2 RNA
HEDEIES Y PSR E o722 b, ~24X10°3 Y
—/pg W A'RNA L g iz, F4RIZ, 4) A'RNA 20ng
% 7234 RT-PCRIZE VT VEGF-B mRNA &, 3X10°2 ¥
— & 9.5 X 10° 2 ¥ — OFE A HIEHE RNA o) ] T mRNA H 3% & 3
A RNAHROBIE NN PSR E Lo/ Eh b, ~
12X 10°2 ¥ —/ug®1) ARNA LifEsE &7z, K1) A'RNA
20ng % FI W 72854 RT-PCR 25> TVEGF-C mRNA I3, 9.5X
1003 ¥ — 23X 10" 0 ¥ — DA N HEH#E RNA D¢, mRNAH
R LA RNAHROBIE N> K2 EE kool &0
b, ~12X10aE—/ugH)ARNALHEE SN, KA
RNA 40ng # W72 %;a/a RT-PCR 23 \» T PIGF mRNA &
95X 10°a ¥— D8 HH%M.ERNA?{‘F'FT*mRNAmﬂé.J:ﬁfi/m‘
HIEHE RNAHSEDMIE N KPR L L o2 80 b, ~
24X10' a7 ¥ —/ug A1) A'RNA L HiE5E S iz,

£ =

KEOMBEHEDETH A MBI, “HEOMK DA
aum F i & U R R AR oI SR Tw A, EHED
iEMRORSED D b, FEMRE Y chiskThh, Zh
i’C % ¥ ®VEGF-B, VEGF-C, PIGF®AHIZH & A2 &40
TWiheofzZ ehs, FTINLORMNEHLNITLID
7 L #cDNA S 4 75 1) — & ) VEGE-B, VEGFC, PIGF
DECDNADGTHEZE T - 7. FORE, KN FOEErI—F
T 5 cDNAZ S S 7z (914). 7 ¥ VEGE-B, VEGF-C, PIGF
&, 7L VEGFDO T 3/ ik A 7 38-138 DFHMZ MY § 5 5
WT, FNFIH33%, 4%, 55%DHETEE R L7z (149).
A5 L7 & VEGF-B ¢cDNAX 1881 D7 3/ A5 2
BY s ka=FLTHEY, WAKEINI167T I /0S5
b EHEESN (M1B), & F VEGF-BI67IZHIGT 52 L
05 (7% VEGF-BI6T L gk L7z, 72, A%
PELL4MOI b1 27— 1%, 73 VEGF-BI67 DI MEE
502 &£ 503D MIZ101bp DIFAES 4 4 L Tz (M2). K
cDNAZ, A3 Fo % &% o 7295, VEGF-B167 cDNA &
Fl—oOBiEa FrrbidLEr ERET AL, 2077 3 /8
Pohby N HEEI—-FLUNABMOEHEIL1867 3 /8
PohbLEEENL(N2). Z0F 4 T7iE, & FVEGF-
BI86“IZHf 4 5 Z &4 5, 7V VEGF-B186 &%k L 7.
VEGF-B167 12 C iU EEN T I VBV IR Y — 24 v T E
LTsY) (@1B), Mias< ) v 7 2H 5 ViR L
FETBAN) Y RSFICREICEETLEEZIONS. Zh
123t L, VEGF186 ® C I I3EEM:T IV BD s TR ¥

— &1y LS (2), ~3) Y RGTF L O AR
BT EHEmahsh, LhEHELSTVWEZEZONL, 20
P E WL, VEGF-BO /N 7 > b OB, SRR A
HEHSMILTWL LTEETHA .

7 2 VEGF-C cDNA X 420D 7 3 /B e b ¥ 280 %
I~ FLTwzAt (K3B), VEGF & O#a#igid VEGF-C HiER
RO 1/3CThH-7: (H5). Tl VEGF-C NG % R T 20

R 7oy v VP ERLEEE R L 0D I e
SNTRN®, REFSETHL P E Lo VEFIETFHEINS
Ty A (7R T I EEEREE S 103/104,
112/113, 228/229) A EEIRFESATVWLI &b, 73T
LD 7Tat s v 72T RN A EH T 5 AR O VEGE-C
WHERENELDEEZONS.

REFETHEE SN 7Y ¥ PIGF cDNAX I — F4 A EHE

49T I /B ok ) (H4B), EHIHIZIEEMET 3 /E,(a)
7GR = ETERNOY L TEEZ LR, & b PIGF1I™
W% L7, PIGFIZWE, My FF 1 TRATIL v 710k
o TH U CMHISI ST I VO s T Ay —%FT LN
U7 v b (PIGF-2) DD SN TV B, 7 LIRT#K
cDNAT A4 7F)—=H»hHiz oy 4 7idgmahd, 7200
TS O 5 4 TORBEFELEZ R

W7 4 % 3T 2 b R BRI HE o BT 4 (L
RETHH, MEMBTHIEEEIZLY, VEGF mRNADFHE
BRI DO, KEEEIZ L S VEGF mRNA L~V O &
13, mRNADFORELAKREREEEZRLTIENHL DT
XNTHEN?, B, VEGF mRNAD SIEFRIE D 7 7 = L/

V) Y LBEEEEL T ¥ U BE I B
FULVFEENLH P E L mRNADO R EUIERNTHZ
EHWES N, v Y VEGF mRNAY® 3 JERIERMZ 1L,
mRNA DM BY-T 5 & & LE4] [5-UUAUUUA (U/A)
(U/A)-3' 1" 28 W o BLFIAT3 & A7 (O 264§ - 1481-1489,
1498-1506, 1527-1535), k7 o > & KEE{LEE 2 mRNA Tl
WENEMEFIC & D FHE SN D mRNAF &N T- & &85
[5-(U/C) (C/U)y CCCU-3)"™& —#¥ & EAH%1 » i (HIE
1141-1146) {4f L T4, VEGF-B, VEGF-C, PIGF mRNA®
SIERAIRIZ D 2 ) oo S HIL L 2B AR S
(¥ 1B, 3B, 4B) :ti)w) VEGF7 NUROF 2N INER]
mRNA & EEH 12 L D) W A% fEtEAT & 2 S 47z,

HAZ, MAEH [HH"J“CV)VEGI‘ T I —DEMERY T L0,
SIS 2 L2 DRI R ST b e MiKIE b LI
TIA - %f’l WL KR 4 e R R O AR U 2o I B
A & BN N Rl & 1) 38 L 72K ) ARNA % Hlw T
RT-PCRE 47 o 72, ZORE, M B L P mMN T
VEGE 7 7 3 ) —D$~_THmRNAM I S 7= (15, 6). A
Ein"-ﬂiﬂ@f‘li, VEGF 3 & (PIGF mRNAZVEEEZ 12X b %
RL7ZDIZH L, VEGF-B & VEGF-C ® mRNA L~V KEE R
IKEE (likﬁk?ﬁ%’;ﬁ?%%ﬁaﬁ\o 72(45). F7, NEMET
i3, VEGF# & U'PIGF mRNAIZ & & & b, VEGF-B & VEGF-C
D mRNA L ~OL b ESRIREE T e R L 22 (6). <&,
Enholm 513, v bC67 ) * 75 A ~—<Hliikk T VEGF-
C mRNADKEEARHD < A F =758 7 ¥ bAEEEEIZ L VS
XN 5D VEGF-C D EE % mRNA B X ' VEGF-B mRNA i3 1%
BEEDBEE ST 2wk, & b IMR-OOMIHEEHI R T IX
VEGEF-B, VEGF-C mRNA & d [KEEENHEZ ZIT 2wl Ek



624

e L7, PURHINE, BREMRRE C6 ) k7T R — vl
#, IMR-00 & HE MMAtk CoREBER KT %5 VEGF-B,

VEGF-C ®» mRNA L XL OB HEDEVCOREISHREN L 22
B 52 Tld e as, HIAFEDE V3 %\ IE mRNA D 3'JEHIER
ST AT F M/ ) VU VEBBEEERE) 3T
BEEESOBEPHEENEIIL AL O, ANR V. VEGF-B,

VEGF-C, PIGF & {F D5 HEHEBOME & k0 #Hl
HEWE AL AT VA, mRNAO PIERREREBIC & B
WMCMACREFOSESHAMELIIHFLT 2 KR RFEN
AT (hypoxia inducible factor la, HIF-1a)®% & UTHIF-1a

BT (HIF-1q -like factor, HLR)®# AR OH L2 &K FO
ST 2 S OBCEEATHLIEELEZL bR
5.

X502, MEMIBTHRIELTVAVEGF7 7 31 —DmRNA
BB LMCT B8, EAPCRET-/2(M7, 8). £DH
Bb MNP R L N I B R ST B
VEGF7 7 3V —OmRNAD I ¥ —HIZE3ID X I ITHEH
N, WEEFRETOL /NLE N B T PIGF 27k
HELCRBLTVAZ EATREN., MNEMEOHRE A'RNA
1pg 343 X ICEOMIIAY T2 2 b s, MlbzhBE
L #VEGF 2 ~ 34F$ & U'PIGF 3004+ mRNAASHFTEL T
W5 e s 7. MEMIEO VEGE-B & VEGF-Ci, RT-PCR
TR SN BN EEPCRTIEME L bEEMEALTTH D,
FNENAED 720 15T LT CHE MO —ERD 4743 VEGF-
BEVEGRCHhREELTWALDEHESHI. T/, BER
EBRETOT VEEMETIEIVEGRCO R L EE I TW
BIEMRENS. WEFLZMBOAR) ARNA 1pgidf2X
1EOHIICHEST A2 0 s, BEMBCEMEsz0 B
B L #VEGF 124 F, VEGF-B 14F, VEGF-C 6045 T®
mMRNADELE L T g s/, F7-, FEARO PIGF
RIS 720 1FUT T, BERMEO—RD A PIGE & #
ELTWAEIDEEZ LN,

BED & = A VEGF-B, VEGF-C, PIGF ¢4 BRHAE 144 72
HETIE Y, VEGFClY, #OEELEHFRTH 5 Flt-4 %Y
VONENREAMINEI IR RBT A &6, Y v SERREAM
B ERNICERTALZEALONTERD™, LrLEND,
AR BV T AT VEGE @ # 54% 0 VEGF-C mRNA %
RELTWB I EARENL T E (£3), Fit4SARITM/N
SRR T L RENRDOONDL I TV A RRBBMIC X
Y BEE S N7 VEGE-C AT M % AV - 2B T RN 1o
Kdr (VEGFR-2) (/£ L VEGFHOERNBES ML Z &™)
5, VEGR-ClRIMEMEMEic BV T EEREELH- T
BT ENEZSNG, £/, PIGFIZFI1ZHEIZERATS L
XNTEH, BEVEGF L PIGFHAFO &1 v — 2L
Kdr Z8HIz SRR L C R Miase i 4 R+ 2 Z L A& S
N, ARG B W TH/NMLE NS VEGE O 47 10015
DPIGF mRNA% & ATWA Z & (£3) AWRENAT LIE, 1M
N TEESNEVEGFOS { HFPIGF L DAF O & 1
- LTHWENBTHEEERBELTCE ), KERICLLR
R O WA HEASVEGF 7 v F 2 v A4+ ) ITX 7 L AF FO
AL LTPIGF7 ¥ F LY AF ) ITX 7L F FTHIEITES
WHIlE RS E VI GRS, RERF-5) KARTA
LEzLNA. VEGRBRWI X F0OZEAKIFAEERL TV
WS, MBI MIRIZEE L CDNARR B RET 5 2 L5

HEN TV 5, VEGF-BIZP AN & B2 MR C AR D %
HAgo bz ehs, NEMRTORENEH SIS,

Aifze T, MEMEE L&A VEGF DA% 5§ VEGF-B,
VEGF-C, PIGF# IR L TWb I &piRdnil enh, Th
BEFLVEGF L bzt — b7 ) ERE8T 7)) Y2
HIRLE B e L v 2 W ReMEATE 2 5072 (10). A% IE
BEOEFHEMHEPOENEOREZHLPIIL TR
12, SUBEVEGF 7 7 3 U — OEEOMHEFLHELEEZ LR
5.

& Ei

1. ABfgElc L b, VEGF7 7 3 —ZBTHH LA N
—, VEGF-B, VEGF-C, PIGF® % ¥ cDNAL I & a—F
THEHADEIESNOTHLENE o7z,

2. v MO/ R R AR & b b R B L TN R M
THVEGF 7 7 3 ) — M5B % RT-PCREEIC & 1 1RET L 72/ R,
T4 T VEGF & & b IZVEGF-B, VEGF-C, PIGF¥<T®
mRNAZHH E N7z, MEFEDOTERTH A HMEEIZL - T
JE Rz #lf4 T 13 VEGF mRNA & PIGF mRNA %S, WREHIM T4
mRNA G FFE$THHEI L 7.

3. BAPCRIEIZL Y, M/MEMNEMIIZEIT %2 mRNAE
11 PIGF > VEGF > VEGF-B, VEGF-COJHIZE { & % #llfad
7= §93000F, 2~35F, 15 FUTFTERES N, FEM
18 TIZ VEGF-C (60537/##lia) > VEGF (124)F/#ilg) > VEGF-
B (1 53-F/#1B4) > PIGF (1 5F LT /HIfR) DIETH - 7z,

PEE Y, BNMEREE & ASVEGF O &% &3 VEGE-B,
VEGFC, PIGF%#EHELTWAIZ LW LNnERY, ThHD
WS VEGF L EbIZA— 20 P E 387 7)) L IZEM
M E B IER L, MEOEEEERCIEREIZES L Tw5
ATREMEAYE 2 b7,

B 24

BABZBIIH BB RRLOMBBERY £ LR 188
BICIEELDHERELET. I, BREENIREEE I LKRES
ABIEE L W F MBI X F L 2SR REEFAELEE RE0E
eI L ET.

X ik

1) Hanahan D. Signaling vascular morphogenesis and
maintenance. Science 277: 48-50, 1997

2) Risau W. Mechanisms of angiogenesis. Nature 386: 671-
674, 1997

3) Yamagishi S, Kobayashi K, Yamamoto,H. Vascular
pericytes not only regulate growth, but also preserve
prostacyclin-producing ability and protect against lipid peroxide-
induced injury of co-cultured endothelial cells. Biochem Biophys
Res Commun 190: 418425, 1993

4) Yamagishi S, Hsu C-C, Kobayashi K, Yamamoto H.
Endothelin 1 mediates endothelial cell-dependent proliferation of
vascular pericytes. Biochem Biophys Res Commun 191: 840-
846, 1993

5) Leung DW, Cachianes G, Kuang W-J, Goeddel DV, Ferrara
N. Vascular endothelial growth factor is a secreted angiogenic
mitogen. Science 246: 1306-1309, 1989

6) Nomura M, Yamagishi S, Harada S, Hayashi Y, Yamashima




VEGF 7 7 1) —BETFHOME L %5 625

T, Yamashita J. Yamamoto H. Possible participation of autocrine
and paracrine vascular endothelial growth factors in hypoxia-
induced proliferation of endothelial cells and pericytes. ] Biol
Chem 270: 28316-28324, 1995

7) NEREA, NREE—, SR, BEHEES, 2 wou,
GUHET, I, RS, KEFA, LA M. mEH
& M VEGE © KR E 1281 A M% heterogeneity & % g
A~ D VEGF D5, A:{L4: 68: 1054, 1996

8) Yamamoto H, Nomura M, Yamagishi S, Kawakami T ,
Harada S, Tsubamoto S, Liu X, Yonekura H. Vascular VEGF:
The expression and roles in hypoxia-driven angiogenesis. J Vasc
Res 33 (S1): 110, 1996

9) k&EHA, Xiaoxu Liu, INEE—, TA 5L, HHFEE,
Kari Alitalo, [ {8, (U Frdo+— 27 A HI#, A{pse
69: 488, 1997

10)  IUAREE, B&RES, HEE -, BHFEIL XEFA,
W4 (. EEEE O R e ERIZ VEGF & A 7 1 =
-y —t95. A% 69:780,1997

11) Olofsson B, Pajusola K, Kaipainen A, von Euler G, Joukov
V, Saksela O, Orpana A, Pettersson RF, Alitalo K, Eriksson U.
Vascular endothelial growth factor B, a novel growth factor for
endothelial cells. Proc Natl Acad Sci USA 93: 2576-2581, 1996
12) Joukov V, Pajusola K, Kaipainen A, Chilov D, Lahtinen I,
Kukk E, Saksela O, Kalkkinen N, Alitalo K. A novel vascular
endothelial growth factor, VEGF-C, is a ligand for the Fit4
(VEGFR-3) and KDR (VEGFR-2) receptor tyrosine kinases.
EMBOJ 15: 290-298, 1996

13) Maglione D, Guerriero V, Viglietto G, Delli-Bovi P, Persico
MG. Isolation of a human placenta ¢cDNA coding for a protein
related to the vascular permeability factor. Proc Natl Acad
SciUSA 88: 9267-9271, 1991

14) Mustonen T, Alitalo K. Endothelial receptor tyrosine
kinase involved in angiogenesis. ] Cell Biol 129: 895-898, 1995
15)  Yonekura H, Nata K, Watanabe T, Kurashina Y, Yamamoto
H, Okamoto, H. Mosaic evolution of prepropancreatic
polypeptide. II Structural conservation and divergence in
pancreatic polypeptide gene. J Biol Chem 263: 2990-2997, 1988
16) Wang AM, Doyle MV, Mark DF. Quantitation of mRNA by
the polymerase chain reaction. Proc Natl Acad Sci USA 86: 9717-
9721, 1989

17) Lagnado CA, Brown CY, Goodall G]. AUUUA is not
sufficient to promote K ') (A) shortening and degradation of
mRNA: the functional sequence within AU-rich elements may be
UUAUUUA(U/A) (U/A). Mol Cell Biol 14: 7984-7995, 1994

18) Zubiaga AM, Belasco JG, Greengerg ME The nonamer
UUAUUUAUU is the key AU-rich sequence motif that mediates
mRNA degradation. Mol Cell Biol 15: 2219-2230, 1995

19) Czyzyk-Krzeska MF, Beresh JE. Characterization of the
hypoxia-inducible protein binding site within the pyrimidine-rich
tract in the 3"-untranslated region of the tyrosine hydroxylase
mRNA. J Biol Chem 271: 3293-3299, 1996

20) Olofsson B, Pajusola K, von Euler G, Chilov D, Alitalo K,
Eriksson U. Genomic organization of the mouse and human
genes foe vascular endothelial growth factor B (VEGF-B) and
characterization of a second splice isoform. J Biol Chem 271:
19310-19317, 1996

21) Maglione D, Guerriero V, Viglietto G, Ferraro MG,
Aprelikova O, Alitalo K, Vecchio SD, Lei K-J, Chou JY, Persico
MG. Two alternative mRNAs coding for the angiogenic factor,
placenta growth factor (PIGF), are transcribed from a single gene
of chromosome 14. Oncogene 8: 925931, 1993

22) Joukov V, Sorsa T, Kumar V, Jeltsch M, Claesson-Welsh L.
Cao Y, Saksela O, Kalkkinen N, Alitalo K. Proteolytic processing
regulétes receptor specificity and activity of VEGF-C. EMBO ]

- 16: 3898-3911, 1997

23) Levy AP, Levy NS, Goldberg MA. Hypoxia-inducible
protein binding to vascular endothelial growth factor mRNA and
its modulation by the von Hippel-Lindau protein. ] Biol Chem.
271: 25492-25497, 1996

24) Enholm B, Paavonen K, Ristimaki A, Kumar V, Gunji Y,
Klefstrom J, Kivinen L, Laitho M. Olofsson B, Joukov V, Eriksson
U, Alitalo K. Comparison of VEGF, VEGF-B, VEGF-C and Ang-1
mRNA regulation by serum, growth factor, oncoproteins and
hypoxia. Oncogene 14: 2475-2483, 1997

25)  Guillemin K, Krasnow MA. The hypoxic response: Huffing
and HIFing. Cell 89:9-12, 1997

26) Ema M, Taya S, Yokotani N, Sogawa K, Matsuda Y, Fuijii-
Kuriyama Y. A novel bHLH-PAS factor with close sequence
similarity to hypoxia-inducible factor 1« regulates the VEGF
expression and is polentially involved in lung and vascular
development. Proc Natl Acad Sci USA 94: 4273-4278, 1997

27) Kukk E, Lymboussaki A, Taira S, Kaipainen A, Jeltsch M,
Joukov V, Alitalo K. VEGF-C receptor binding and pattern of
expression with VEGFR-3 suggests a role in lymphatic vascular
development, Development 122: 3829-3837, 1996

28) Jeltsch M, Kaipainen A, Joukov V, Meng X, Lakso M,
Rauvala H, Swartz M, Fukumura D, Jain RK, Alitalo K.
Hyperplasia of lymphatic vessels in VEGF-C transgenic mice.
Science 276: 1423-1425, 1997

29) Cao Y, Chen H, Zhou L, Chiang M-K, Anand-Apte B,
Weatherbee JA, Wang Y, Fang F, Flanagan JG, Tsang ML-S.
Heterodimers of placenta growth factor/vascular endothelial
growth factor. J Biol Chem 271:3154-3162, 1996



626 2

Structure and Expression of VEGF Family — Isolation of Bovine cDNAs Encoding VEGF-B,VEGEF-C and PIGF,
and Quantitative Analysis of Their Expressions in Microvascular Endothelial Cells and Pericytes — Xiaoxu Liu,
Department of Biochemistry, School of Medicine, Kanazawa University, Kanazawa 920 — J. Juzen Med Soc., 106, 614 — 626
(1997)

Key words vascular endothelial growth factor family, microvascular endothelial cells, pericytes, hypoxia, cDNA cloning
Abstract

As a first step toward the elucidation of the expression and function of new members of the VEGF family, the author
isolated the bovine cDNAs encoding VEGF-B, VEGF-C and PIGF from the bovine heart-derived cDNA library. (1) The
bovine VEGFE-B ¢cDNA, which was named as VEGF-B167, encoded 188-amino acid protein containing 21-amino acid signal
sequence. The nucleotide and deduced amino acid sequences of the bovine and human cDNAs shared 93.7% and 93.6%
sequence identity, respectively. A splice variant encoding mature VEGF-B of 186 amino acids was also isolated. (2) The
bovine VEGF-C cDNA encoded 420-amino acid protein containing 20-amino acid signal sequence. The nucleotide and
deduced amino acid sequences of bovine and human cDNAs shared 86.9% and 88.1% sequence identity, respectively. (3)
The bovine PIGF ¢cDNA encoded 149-amino acid protein containing 20-amino acid signal sequence. The nucleotide and
deduced amino acid sequences of bovine and human cDNAs shared 74.9% and 75.2% sequence identity, respectively. Next,
bovine retinal pericytes and human dermal microvascular endothelial cells were cultured under various oxygen tensions, and
subjected to the analysis of expression of the VEGF family genes in these cell types. Quantitative reverse transcription-
polymerase chain reaction analysis demonstrated that both cells possess not only VEGF mRNA but also VEGF-B, VEGF-C
and PIGF mRNAs. To quantify the amount of each mRNA species, the author conducted competitive PCR using mRNAs
from human microvascular endothelial cells and from bovine pericytes cultured under normoxia. The competitive PCR
established that 1y g polyA*RNA from the endothelial cells contains about ~ 7.5 X 10° molecules of VEGF mRNA and ~
9.5 X 10" molecules of PIGF mRNA, and VEGF-B and C mRNAs below quantitative level (less than ~ 3.8 X 10" copies and
~ 4 X 10? copies/u: g polyA"RNA, respectively). The competitive PCR also showed that 1. g polyA"RNA from the pericytes
contains ~ 2.4 X 10°, ~ 1.2 X 10°, ~1.2 X 10" and ~ 2.4 X 10* copies of VEGF, VEGF-B, VEGF-C and PIGF mRNAgs,
respectively. These results suggest that the members of the VEGF family play important roles in the homeostasis of the
microvascular system and in angiogenesis in autocrine and paracrine manners.




