Mechanism of Hypoxia-Induced Proliferation of
Vascular Cells —Autocrine and Paracrine Actions
of Vascular Endothelial Growth Factor(VEGF)—
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BT X % mE Mg EFHE O p T A
— MEREHMME T (VEGF) O — b2 ) /x5 7 ) VIFR—

SRAFEFMPARABFRE CEF | IUTHESER)
¥ & % &

EEREC & 2 MEF RS EOMCT A2 EMT, AR  BRIRAEERE v o BEOER MR E R« OBR
BETTEEL, 1) OFHEOF—R7T v I TCHHNEMRE ARMROMME, 2) OFNEBRCHEROCHEBRTFTH
BTSN EREET (vascular endothelial growth factor, VEGF) 8 X U2 DEB&Y o — N+ 58 EFOHKHE, 3) VEGF
mRNA KRT57 vFLv A4 Y IR 7 VAF FRAEMAREECS DETHRCOSRF L. TORKR, 1) PR,
REMROWTRICEVTHERRELFTTREEOBERE TR LAMRELERCEN TS Z EARD LA, 2)
J—HFvia ., MBI OWEE—RY 2 5 —¥HEEKIE (reverse transcription-polymerase chain reaction, RT-PCR) #&iC
X 0 pIkAER, EEMBOTET VEGF %2 — F+% mRNA 28H 2h, VEGF mRNA RREBEREOETFCKE L TE
LSEMTAZENREVWHERA. i, REMBRTIE ims #F 2> v+ —+4 1 (fms-like tyrosine kinase 1, flt]), fms £
FrvvdF—+4 (fmslike tyrosine kinase 4, flt4), ¥ F+—tEAL v~ F2 A4 vE&EFY 7 % — (kinase insert
domain-containing receptor, kdr) @ 3D VEGF %%k mRNA 2BERECELSTEFHCHKE LTS Y, —F, BE
HIRRTIZ fltl mRNA OEEFEBRRTCHFEINH ZEARVWH I, 3) VEGF mRNA KRR 7 vF v A4 ) F
X7 vAF FR{EZAR LEHRIEET S &, EBRT CORNEMED DNA SEAERBHH I, LLOERNLS,
NEFEOB L2 IOEXRRTAEMRE AEMROEENERRC L Y FHEE2h, ARMROHEEFEIIZ LD
DIMEME FTEEEINS VEGF A — 2V vBIUVAS 2 ) VIERAEANLTHEE LTV A D LEHRI M.

Key words endothelial cell, pericyte, hypoxia, vascular endothelial growth factor, receptor

MmAEHER, BEOME»LF L MERIERIhHHL
T, EEORE - R, BEHUHK, BIGERREL V- EENS
BoER, BRREMEE, RENDEEEL L ORIRED
HERRBEOEBR TERE LKL IILT. Lidi-T, OEH
EDAI=RaBPEOMETAZ LRI AL DEEMAERYE
BTaoHRkbLTEADERORRA, KE, T, BRELR
1252 CHAERLID. ERNEHELERTIEER
DOEDE L TEMORKREETAHBABRRBEDETHE
LRATETWAS, EBRC LD ED L3 TmEHFENS &k
ZERBMICOWTIIRBEL A0S\,

BOERZE D, REMRCERGTHEERT CH 5 MEPEH
B[R F (vascular endothelial growth factor, VEGF)? & =F D
EEMEBRRETHAT S ZENERNHRBETREVHE
h? EEERBFOMEFRE E VEGF L DBb h AURBI T
&z,

AWETIZ, EREFCIS>MEBREEOFEBREL
VEGF A=+ 2V v/25 2 ) VEREVWIBAMLERL
7o, Tivhh, MEHEDS LD H/NIE YRR T 5 PR
lalAEMRLE«OBRBE T CHEEL, TOMMEH3

FELS SFEI2A1TERAT, PR E6F2A 7 HRE

b, ZThbomEMWCRIT S VEGF #{EF, VEGF
SZREBETFORBLBHTL, b, VEGFizw+57 v+
2 VAFY TR VAF FRNEMRDO DNA 4RICE Xi1ET
BHEYBRI L.

MRS IV FHE

1. % i)

1. mEREHR

b b EBEIR S D WRESE L mER R A, M
1215% 4 B4 R 138 (fetal bovine serum, FBS) (Cell Culture
Laboratories, Cleveland, OH, USA), 100U/ml ==~V v (fi¥
RIS, KBR), 100pg/ml = + v 7 b ~A v v (FKHE),
100pg/ml =¥ FF V7 Aersayr47 N2 v+ (endoth-
elial cell growth supplement, ECGS) (Collaborative Research,
Bedford, MA, USA), 25pg/ml ~-% VU v (sigma, St. Louis,
MO, USA) % 4 ity RPMIL1640 (Gibco, Gland Island, NY,
USA) & 199 H#1 (medium 199 containing Hank’s salts,
medium 199) (Gibco) SRR S LK THERE L, 156~20
BICE ORI RERCH Lic. 95% Ll EDRIRA 7 = F A {bE

Abbreviations : aFGF, acidic fibroblast growth factor; bFGF, basic fibroblast growth factor; bp, base pair
(s); DMEM, Dulbecco’s modified Eagle medium ; EGF, epidermal growth factor; FBS, fetal bovine serum ;
fltl, fms-like tyrosine kinase 1; flt4, fms-like tyrosine kinase 4; kdr, kinase insert domain-containing
receptor ; PDGF, platelet-derived growth factor; RT-PCR, reverse transcription-polymerase chain reaction;




RIS URE—————————

EERRIC & 5 MBI ORI 395

@) £EH (low density liporotein, LDL) B h ik &FEH Tl
sHEMRLAESI .

2. AR

v o BRER I b B U Ao e R B & e M
Jarz 20%FBS, 100U/ml _=>Y v, 100ug/ml A P L7 b=
Lo vEEh Iy a BB A~ 7B (Dulbecco’s
modified Eagle medium, DMEM) (B K$3E, HR) T THER
L, 5~108%fE oMifax Bz Lz, 95% M EDORERA
-EEET 7 FVEBRTREMREAE I .

3. BB

e P EMHMEBERRkOMBAK TH B UBIMG %
10%FBS, 100U/ml ~¢=> U v, 100pg/ml A b VT b= ¥ v
4t DMEM W TH# L7,

I. DNA O{b2¢4

1. 754 =—8BLU0 -7

VEGF ¥ XU VEGF %%tk mRNA A7 54 ~—, 7
T ELTUTOAY 5+ ) K227 vAF PRkt
L, 7+R7 7 3 £4 FiEik X b DNA 5% E 5/ 392
(Applied Biosystems, CA, USA) # AWV TAR L. BE&ED
AV TFFF V) AERI VA F FPERICIE OPC 5 &
(Applied Biosystems) ¥ fi\v 7. 75 4 <= — ik VEGF-U
(5-GAGAATTCGGCCTCCGAAACCATGAACTTTCTGCT-
3) (cDNA %S 44-70"), VEGF-D (5-GAGCATGCCCT-
CCTGCCCGGCTCACCGC-3') (698-717"), {lt1-U (5-GAGAA-
TTCACTATGGAAGATCTGATTTCTTACAGT-3) (cDNA
RS 3232-3258Y), flt]1-D (5-GAGCATGCGGTATAAAT-
ACACATGTGCTTCTAG-3) (4289-4313%), {1t4-U (5-AGCCA-
TTCATCAACAAGCCT-3") (cDNA HEBE 5 429-448"), {1t4-D
(5-GGCAACAGCTGGATGTCATA-3") (707-726%), kdr-U(5'-
TATAGATGGTGTAACCCGGA-3) (cDNA 5 % %& & 873-
89291 kdr-D (5-TTTGTCACTGAGACAGCTTGG-3) (1406-
14279 G h, 7= — 74t VEGFI (5-GGTGAAGTTCA-
TGGATGTCTATCAGCGCAG-3") (176-2057), {ltl-I (5-GAG-
CTGGAAAGGAAAATCGCGTGCTGCTCC-3) (4186-4215%),
flt41 (5-TTCCTTTCCAACCCCTTCCTGGTGCACATC-3")
(662-691), kdr-I (5-ATCCAGTGGGCTGATGACCAAGAAG-
AACAG-3) (923-952") TH» 5. 7e¥k, LR 771 ¥~
VEGF-U & {lt1-U &% EcoRl 7 &£ 7 % — (GAGAATTC)
%, VEGF-D & flt1-D it Sphl 7 & 7 % — (GAGCATGC)
% 5 s,

e b BT 27+ mRNA RT% 754 < — (actinU,
actin-D), 7°'m—7 (actin-l) DEFNIHRI2ZCHE » 7.

2, TUVFEVABLIUORVAFY IR VEAFF

e} VEGF mRNA OBlA= F v&&L 5 HENCHHN
WHEEDT AT puFdm—R7vFrsRAFY TRV
FFEFPBIVHBEARDEVAF Y TRZ LA F P DNA &
BEEE7 302 HTARL, AQUAPORE RP-300 # Z &
(Applied Biosystems) &\ oS REBREFE 7 < b7 5
T4 TER L., 73R 7 xuFFo— G Y TRV
FFFRBEDOT + A7 =4 PHELEREREZEL, Mg~

DWMHAZSBETHDZERMORTWE?.

. KT TOMIgER

MR r B 5% CO,SMTTIC, 4R L, BEY
MEB, KEav e — A EEF = -3~ (Bellco, Vineland,
NJ, USA) i L1, O, (2.5%, 5%, 10%), CO, (5%) ¥ XL U°
N, DEEF A (FHME, &) % 10/min ORXBCTH o
B, K&=v b= — AR = VA-KEAL, STCOERE
B L. BAY ARUBBECERL, FHIBREEC
L. COEREENTORELYAE OBRREE (20%) T
TOREE L.

V. iR €&

1. £MREoEE

MEE24ARDZ 3 A2 —F 4 v ¥ o (Costar, Pleasanton,
CA, USA) WiFBHERMNC0.25% bV 7~ v THEL,
0.17% (w/v) bV Ay 7l — e ST THR LR AR E
BoCERREYEE L.

2. DNA AREEDRIE

PEMIR24R 2 FAX—F » ¥ 2 KERBLH 2X10' B
BREL, MEOEEYHALLILTT VFEVRAHB L
VAFY IR LAF FRERCME, 24T RE
Niyazono b OFEIHEV DNA SR ERE L. Thbb
14Ci/m! D EET [*H] #+ 3 v (82.9Ci/mmol, NEN Research
Product, Wilmington, NC, USA) #fnx, 481 v .~~~
va v, KAS% LY 2 e aEE (trichroloacetic acid,
TCA) # %205 Ex Bic il L tilsxEE L, Mkikdg
59% TCA 12T 3 A%k, 1M NaOH 2004l % hnx iR 205 4
OFEBIC LV BEM L. IM HC 200u THRE, 28%
10m! OFtE> vF L —2—EEML *H BEEELRE L.

V. YU (A)'RNA O5 5k

RERFWEE S T T2 IR L 150em’ OfifasER A7 7
A = (Corning, N.Y., USA) Tz v 7= v b &ig - KEH
B2 S QuickPrep mRNA #%8 % » + (Pharmacia, Uppsala,
Sweden) #HLTHEY (A)RNA 5L,

V. /—H27 8y FOHR

25ug DAY (A)YRNA % LIM s =) v a2EH1.5% 7 H
B = AL MCTESREIL, 1oV 7 ng— (N4 RVF
N*, Amersham, Buckinghamshire, UK) &igE L1z, 7 4 v
2 —WHEEH, UV R 3 &) v —2400 (Stratagene, CA,
USA) #F\T120% D ¥ 2 — A D E 254nm DRI % R
L RNA #BEE L. DWTT 4 A Z—=%50% %KLY v, 5
XgE—VvBY —F—=F L7 I VB (saline
sodium phosphate ethylenediamine tetraacetic acid, SSPE), 5
XFUAL MK 0.1% AV e=—rEr) Fv, 0.1% 97
AT v, 0.1%7 4 3—n), 0.5% FF v B>+ Vv A
(sodium dodecyl sulfate, SDS), 200ug/ml ZE¥+ » 5T DNA
(Sigma) MBI ABEHTI2C, T LA 7Y X4 A E
1, 50% kA=Y v, 5XSSPE, 5 X F v bR,
0.5%SDS, 340ug/ml ZEH v »¥5F DNA, 7= —7 15ng oo
BB TI2C, 16BEEAS 7Y £ X &, Fr-T &
LT, UBSIMG Lk h o L7A Y (A)'RNA 100ng T E L

SDS, sodium dodecyl sulfate; SSC, saline sodium citrate ; SSPE, saline sodium phosphate ethylenediamine
tetraacetic acid; TCA, trichroloacetic acid; TGF-a, transforming growth factor-a; TGF-8, transforming

‘growth factor-8; VEGF, vascular endothelial growth factor
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734 <= VEGF-U VEGF-D % HVTHEFE XY 25—+
# g X T (reverse transcription-polymerase chain reaction,
RT-PCR) ¥RIC THEIE L 7261845 33 (base pair, bp) ™ DNA ¥
FEBV, SVvEASS 14—y v 7+, b (Stratagene)
L [a¥P] FAF v v+ 2 =1 v (NEN Research
Product) # LTS LI, A TV EAL E— 3 vk, 74
NE—% 2 XREE— 7 = V¥ (saline sodium citrate, SSC),
0.1% SDS W TR T204 /[, 2@, 2T 0.1xSSC, 0.1%
SDS i=T42C, 104/, 2@EEEHR L, —80CTH— b+ T4/
Z74—%fTol. A=+ FAI57 4 —#%, VEGF 72—
TOYITFARHER LIcORHERL, -7 7F v <cDNA &7
R—TF LNt T )R- 3 YT T,

VI. RT-PCR &ZDEHOHHF TRy O

GeneAmp RNA PCR # » } (Perkin-Elmer Cetus,
Norwalk, CT, USA) v, ¥9°, £V (A)'RNA 28R L L
THMEFERIC T cDNA 288 L, 21T, % mRNA 48
#7754 ~—%F\ T Tag DNA £V 2 5 — 12T DNA %
WIE L7, RIGIL DNA =<9 4 7 5 — (Perkin-Elmer
Cetus) {FEH L729.

HiE%O DNA %, 2% 7 Hn—AX MV TESKB L, +

3_
A
g
% 27
O
11
2
Ke]
S -
>
[T
(]
o
£
=) 1+
=
0 I 1 i T - i ¥ I L
-2 0 2 4 6 8

Time (days)

it

ARYT 4 AR —-RKEEL, AR TEELR. D2\t ,
NE—"B0HR AN AT I F, 5XSSPE, 5 XF vl b g, 1%
SDS, 500ug/ml ZE¥E+ 4 ¥5F DNA » 5 7c 5 BHHRT50C, §
R L Agd 70 B X, 50%8 kL AT 3 K,

5XSSPE, 5 X ¥ v~/ b, 1% SDS, 500ug/ml Z5M+ &
FDNA, AV 2227 L*F F7 = —7 10pmole ML A
FTEC, 16BEf~1 7Y £ X &g, 7e— FEEIIL,

DNAS RmiEas+ » b (FEE, 7)) & Pl 75/ vv=
Y VB (NEN Research Product) Z{FH L. ~1 7V &4
Y- a v, 740 —% 2xSSC, 0.1% SDS KTHEE T
205318, 1@, 2T 0.5%xSSC, 0.1% SDS W TRET, 204
f, 1M, Zo#% 0.1xSSC, 0.1% SDS & T50C T, 104/,

2EEH L, ~80CTA— SO TT7 4 —%Tot, X5
WAL A A 2 =27 F5 4% — FUJIX BAI0O (B+7 4 1o,
HR) 12 & D EEHEROMER T - 2.

154 ]

I BERRTTOMEXNRENR. BRAROEE
K 1A W{EERHR (2.5%, 5%, 10%) BIUVBEOMERE
(20%) THELice P EMIRNEEROEMEEBRER L. &

2.
B

Number of viable pericytes (x10*)
]

0

L
-2 0 3 6 9
Time (days)

Fig. 1. Effect of hypoxia on the growth of endothelial cells (EC) (A) and pericytes (B). Cells were incubated under various
oxygen tensions. Oxygen tension was changed on day 0 from 20% to the concentrations indicated. O, 20% O,; ® 10% O;
8, 5% 0:; A, 25% 0, .Each point represents mean for triplicate experiments; vertical bars show standard deviation (SD)
when larger than the symbol. #, p<0.05, #*, p<0.0] compared to the number of the cells cultured under 20% O (Student’s ¢

test).
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HOBFRE TR MBI 3 B OHE L | BETHR
B OM 2 B . L2 AL, BRBEXI0%6C T
L, 24uRALIPA b EMBOREMEE S h, D2 A, 3
B, 58, TEDXOBATLARKBRBE TOBRCLLAE
Wl AECHEM L. 7 HEBOMREIEREIAR 3.5
B LT, 5 % OBRERE TS AKMOMEEIZ20% R
FBEBULCRESNDZLARD LA, BEREZSD
w2 5% TEA E, HEMRZELAEAS L, 3ABTIRE
R L7,

Y R R MR OEE S EMET CRES L (K
1B).. BEMBOEE, 2.5%BE T COMRMMEIREXT,
T 10%=5%>20% DIFETH 7.

1. EREICLZMEMI VEGF BETFORAHE

1. VEGF mRNA o#H

e FEGRA R Y BB OE RARESD Y
(AYRNA % 4EEL, & M2V A+ — < fRERME USIM-
G 75 RT-PCR 3 THi#& L7z VEGFcDNA ¥ 7 r—7 & LT
VEGF mRNA OFZEYR ./ — ¥ VETHT L. FORER, K
2T L S, MEMBEAEY (A)RNA, BEMREY
(AY'RNA OFET, HBO U25IMG £V (ARNA LR L
¢, BEF4F iR (kilobases, kb) DALBIC A 7V £ 4
B g VAV ERBE IR, 2D ki, VEGF BEFH
IhHOMEMBEEETOIRBA LTI LE2RT.

% oxygen

7288

Fig.2. Northern blot analysis of poly(A)*RNA. After
endothelial cells (EC), pericytes and U25IMG cells had
been cultured under various oxygen tensions, poly
(A)*RNAs were isolated from each culture. Two point
five ug (EC and U251MG cells) or lug (pericytes) of poly
(A)*'RNAs were electrophoresed, transferred onto nylon
membranes and hybridized with ¥P-labeled vascular
endothelial growth factor (VEGF) cDNA (upper panels).
After analysis with VEGF ¢DNA, the membranes were
hybridized with B-actin cDNA (lower panels). Bars
indicate the position of 28S and 185 RNAs. The EC blot
was exposed for 14 days, the pericyte blot was for 4 days

- and U251MG blot for 2 days.

v } VEGF BEFHbBRANZFTF 4 TATFAV VI
IDEEDORK S 4TED mRNA BMELY, ZOI bEEDOR
w220 mRNA HFEHHIZIESWE D VEGFw, VEGFu
2, BB 2EH S WO VEGF ., VEGF s DEABESH
££5 (B 3A). ¥2T, MEMRCELET S VEGF mRNA
NEDEATOEHE - FLTWEIFRET S, /-
F UL D ERET, ¥, L0 EMEREENTHE
72 RT-PCR s COBMiatT -7z, ZOBT 54 = —1%, 4D
VEGFmRNA W hicd3@T5 5 8 L 083 HEgc s UTHE
WL, 2ORE, RSKRT IO >R, AEMAE~AY
(A)'RNA, BEMEAY (AYRNA OWTFhr BT LcRe
=4 486bp & 618bp @ DNA Wi A BIEE hic. Thb 28
DORIBEDTI TN ENFWID VEGF ., VEGF & X L7
(K 3A £8). EHWH VEGF i+ % mRNA 4T,
ik 100ng ®AY (A)'RNA & fu7e50+ 1 2 L0 RT-PCR
ThHBH Ehieh ot

2. EBETTOMEME VEGF mRNA v~ DR

S, WEMEEREMRICEIT A VEGF BRFORE
REBRICL Y E>EEInB % RT-PCR RIZ TR,
D, FFUBIMG &b 3t LicH Y (A)RNA 2§ L
LT RT-PCR R4 DRERTT » 7. K 4A 12, BENCH
# RNA B, fESCEEY DY 7+ LREEX T 7y LR
Ei#ThH % . 486bp ¥ X UF 618bp » VEGF DNA Kk D
181285 RNA & 50ng ¥ TIXEME I KT L CEBMCET
Loy, SR EN 50ng #iB2 5 LM PEE L. &
A oKk ERERY B E, B 4B iR+ X 31, VEGF
mRNA TIZHIBIGIE30+ 1 7 L ¥ CEZRCET L, 30%
AIAPETIIFS P—IE L. Lt T, UTFOERRT
EEMEF L OLEX SN AER A Y (A)'RNA B 30ng, HiE
H 4 2 VE2BEID&HET RT-PCR 21T7-1. WRD -7 25
+ mRNA Hi3€ DNA W20\ T b [l A o BE06 i 45 % FER
L, Mg 30ng, 1547 7 L0&IcTav e -2 KIL%
ﬁ'of:.

4 OERFEE TURRISE L 2 N E MR (0%, 2.5%, 5%,
10%, 20%0,) & Ak (0%, 2.5%, 10%, 20%0,) »&H K Y
(AYRNA % 4HEL, EicoEEM RT-PCR # X h VEGF
mRNA VAR BE LR RAR 5 Th5. NEMER, BXME
BowTRIZECTHBERBREOE M- T VEGF mRNA
LRARELCBATAZEARVH I, RIZK 8A 1R
I 51 VEGF mRNA L <2 EBFERETRLEL, AK
B TII20% B RE O 8 %, Mg T 9 fFiC ¥ THEM
Lic. v 7 FANBEEENTCORSWEO VEGF 1w, VEGF i
%+ % 486bp, 618bp D “A DS v FT, EHWHO
VEGF s VEGFus C# 15T % mRNA D3V FidE/(EB TR
BTLBREIShAEr ot ks, ZOEER RT-PCR @i s
5, WEMlE, BEfMie, UBIMG il 5 VEGF
mRNA BEOMxtbbbidbh, EEBERET TR IE
1:1:10, SBERETLINERARTH -0, KHRRO KR
Bk IOBEEMBTO VEGF mRNA v <.k, VEGF
mRNA &€BOBEW 7Y 4+~ < HIlRD0%HERETD L~
TIRIETER L.

M. m&EMERICET S VEGF REEGRTFORIE

1. %784 FTEBRNE S SA<—¢tTe—-T Rk
VRGF Z%#k mRNA O H
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VEGF 2o R F & MEMRECRET sS85 E&2
LCENHIRCFET 2™, hECe + VEGF S44E L
T 119, f1t4™, kdr'™ D 3 AN TE D, WThi T
BFERFrovErr—¥7, 1) -CETS. ARMEANED
24 70D VEGF REGEGEFLRAL A0 2 DORE
Lich s, flitl, flid, kdr mRNA IEERSIO+ T 2 o — 55
Wzt BEO - VETIZ 3D mRNA 2RI L A3
WEELZBR., FIT, v7 24 THRNETSA -
B — 7% E\iz RT-PCR I & 5 ik it +ibb, fi
D 2D mRNA LIIHEWA T e &~ MEWGE IS L HE
EHOrA XS EVCKRELD ISERFLESTA =2 A
T RT-PCR &#F5\, 512, BOM-BBEHEFF v T ey
T4 VIBEIREREOB VRS R - T AL T F 4 XX
BHEVSFHETHS (K 3B). K 6A W KEMxY
(A)'RNA #&H L LIcBAORRETR L. fitl 75 4 < —
TiE 1098bp @ DNA Wik 2 #IE I, Z OHIEEDIL ft]l 7
H—FENATYVELRL, fltd, kdr 7R —F LT AT Y
AR LD otz. fltd, kdr 754 =—2FHVBEFNFhH
298bp, 555bp @ DNA Wik 2MEIE 2, ZEMIZFld S5 T

A

kdr 7a—~7EDZANLTYELRX LI, LA ST, 20
RT-PCR #£ic & 9 & VEGF %%tk mRNA fEALRIRAI i
EhatFExbhiz, ok, K 6B CIRTHEEHRBEI S,
VRGF mRNA D& &[4k, # Y (A)'RNA 30ng, 2541 »
N DEETBIBRIEHNEEIICETT S EHEIRDT, I,
TORBCRIDEERFEA L. 2V e LD ETr3y
AR Y (A)'RNA 30ng, 1591 7 L D& CHEIEYF- 7
2. WBHERIZ B1F 5 VEGF 3% {4 mRNA ORE & K%
DGR

NEAEIETIZ, flt], fltd B X Okdr © 3ROZHRIEY 7 & 4
7E% 32— 45 mRNA $RXRCIECAERT B AV FRABHE I e
(R7). "4 FTVESE—v a vV FORBEEY LT 2
&, REBRET kdry> fltd>flt] DIFIC K& otz LvL, &
DEEE mRNA L 4R DO EEER (2.5%, 5%, 10%) %
BHUITERE (0%) R TIIE{L Licd -7 (K 8B).

3. REMAEZ BT 5 VEGF %% mRNA ORI & B
DBhE
BEOBRRE CER L-ARER L, fitl, fitd, kdr 0
ED mRNA i Shisho7r. &AM, BEMiEy ER

206 amino acids

VEGF 206 —{] | W77 — T4 b
VEGF 189 —{1 T B — 690 bp
VEGF 165 — T wr 618 bp
VEGF 121 —{] T 1— 486 bp
B

filti — _ mmmm"]s— 1098 bp
fit4 —1 mf— 298 bp
kdr — I ﬁas—— 555 bp

Fig. 3.
splicing products of human VEGF gene.

Primers and probes for detecing VEGF and its receptor mRNAs.
Boxes indicate open reading frames.

A) Schematic representation of four alternative
Arrows indicate primers used for reverse

transcription-polymerase chain reaction (RT-PCR). Bars indicate probes for Southern hybridization. Expected sizes of RT-PCR

products are indicated on the right.

B) Schematic representation of human VEGF receptor mRNAs.

Boxes indicate open

reading frames. Arrows and bars indicate respective primers and probes that are specific for fms-like tyrosine kinase 1 (fitl),

fms-like tyrosine kinase 4 (fiz4) and kinase insert domain-containing receptor (kdr) mRNAs.

products are indicated on the right.

Expected sizes of RT-PCR
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10000 7 1000 ;
A
1000 -
100 1
100 ;
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> >
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0.01 — T 1 0.1 - v v : v \
1 10 100 1000 ‘ 0 10 20 30 40 50
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Fig. 4. Quantitative RT-PCR analysis of VEGF mRNA. Poly(A)*'RNA from U25IMG cells was used as template for the
determination of the exponential range. Serial dilution for VEGF were carried to 25 cycles and for B-actin were to 15 cycles.
All sequential cycles were initiated with 30ng of poly(A)'RNA. Signal intensities of RT-PCR products are expressed as the
arbitrary logarithm values of radioactivities, and plotted against template amounts (A) and cycle numbers (B), respectively.
Radioactivities of hybridization bands were measured with a Fujix BA100 Biolmage analyser. &, VEGF ; {1, B-actin.

Fig.5. Expression of VEGF mRNA in vascular cells. Thirty ng of poly(A)*'RNAs from endothelial cells (EC), pericytes and
U251MG cells, which had been incubated under various oxygen tensions, were amplified by RT-PCR. The RT-PCR products
were electrophoresed on 2% agarose gel, transferred onto nylon membranes and hybridized with *P-labeled VEGF (upper
panel) or B-actin (lower panel) mRNA-specific probes. Bars on the left side indicate size markers and bars on the right side
the size of each product in base pairs (bp). RT (—) indicates the reaction without reverse transcriptase. The EC and pericyte
blots were exposed for 4 hr, and the U251MG blot was for 1 hr.
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RTTEETDE Ul OBEFOREALFTHE I L, fli]

mMRNA VLl EEERE T EOREAT D Z E AR WH

Xhi (X 9A, B). #15, Fitd, kdr mRNA 13 E/EEARIKEET

LHBERT, BHAY (A'RNA BEBIOH 1 2 o K%
100ng, 36[EE THER LTHLBHEhish o7,

V. VEGF mRNA (CHBME 7 FR-AFVITIXILA
F BT kDA KEMEE DNA &RLOMH

A e
‘Probe  flt1
Slrneonlon

L
primer

100 7

Radioactivity

LB LR i L LA

0.1 T T
1 10 100

Template (ng)

|

VEGF 2MERRW & 5 & A ML 0 387 FEw ka0
Bl oTnaBn L shkihbicsdd, VEGF mRNA RN ¢
TSR VAF Y IR2 LFFF (KI0) #ER L CHESK
D DNA SR E LI THREA L. HILKEOBRYRL
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Fig.6. Specific and quantitative detection of fizl, flt4 and kdr mRNAs. A) Each probe specifically binds to the product of
RT-PCR conducted with corresponding primers. Bars indicated the size of each product in bp. B) and C) Estimation of
conditions for RT-PCR. Poly(A)*'RNA from endothelial cells was used as template. Serial dilution for flz/, flt4 and kdr were
carried to 25 cycles and for S-actin were to 15 cycles. All sequential cycles were initiated with 30ng of poly(A)*'RNA. Signal
intensities of RT-PCR products are expressed as the arbitrary logarithm values of radioactivities, and plotted against template
amounts (B) and cycle numbers (C), respectively. Radioactivities of hybridization bands were measured with Fujix BA100. O,

fliel; @&, flid; (3, kdr; A, B-actin.
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Fig.7. Expression of VEGF receptor genes in endothelial cells (EC). Thirty ng of poly(A)*RNA from endothelial cells having
been incubated under indicated O, concentrations was amplified by RT-PCR and hybridized with fit1, flt4, kdr (upper panels)
and B-actin (lower panels) mRNA-specific probes. RT (—) indicates the reaction witheut reverse transcriptase. All blots were
exposed for 18 hr. Bars on the left side indicate size markers and bars on the right side the size of each product in bp.

1000 7 1000+
A | B
< 900"
~ Py
2 < 8007
3 E
T 5 7001
E a
T 8
3 8 600
> (9
- o
o 1 p
° W 500
S -
g o
o = 4001
X 2
o © 300
2 S
5 o
@ g 200
5
[ ]
o 100+ N
\
| N
o i ‘ - o+ :
20 10 5 25 0 20 10 5 25 O

Oxygen concentration (%) Oxygen concentration (%)
Fig.8. Relative amounts of VEGF, fltI, fli4 and kdr mRNAs in vascular cells. Radioactivities of hybridization bands seen in
Figs. 5 and 7 were measured with Fujix BA100. Amounts of VEGF mRNA in endothelial cells, pericytes and U251MG cells
(A) and of flt1, flt4 and kdr mRNAs in endothelial cells (B) were standardized by that of B-actin mRNA, and related to the
values under 20% O, [, U251MG ; B8, endothelial cells; B, pericytes; B, fitl; (A, fitd; & kdr.
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Fig.g. Expression of fltI mRNA in pericytes.
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A) Southern blot analysis of quantitative RT-PCR products. Thirty ng of poly

(A)'RNA from pericytes having been incubated under indicated O, concentrations was amplified by RT-PCR and hybridized
with flt! (upper panels) and B-actin (lower panels) mRNA-specific probes. RT (—) indicates the reaction without reverse
transcriptase. The film was exposed for 7 days. fIt4 and kdr transcripts were not detected. As a reason for it, the possibility
that the primers and probes did not work well with the bovine mRNA sequences could not be excluded. Bars on the left side
indicate size markers and bars on the right side the size of each product in bp. B) Relative amounts of fit/ mRNA in
pericytes. Radioactivities of hybridization bands seen in panel A were measured with Fujix BA100. The amount of flt/ mRNA
was standardized by that of S-actin mRNA and related to the value under 2.5% O, ND, not detected.

Antisense : 5'=CCCAAGACAGCAGAAAGTTCAT-3'
sense :54ATGAACTTTCTGCTGTCTTGGG-3'

Fig.10. Nucleotide sequences of antisense and sense 22 mer oligodeoxyribonucleotides. Initiation codon and its complement are

boxed.
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Fig. 11. Effect of antisense oligodeoxyribonucleotide on DNA
synthesis in endothelial cells. After endothelial cells had
been cultured for 24 hr in the presence of indicated
concentrations of antisense or sense oligonucleotides, [*H]
thymidine was added to a final concentration of 1 #Ci/ml
and the cells were further cultured for 4 hr. Culture was
carried out under 10% O, in RPMI1640/medium 199 (1/1)
supplemented by 15% FBS without ECGS or heparin.
Radioactivity of [*H] thymidine incorporated is expressed
as dpm. Bars represent the mean for triplicate experim-
ents£=SD. *, p<0.05, **, p<0.01 compared to the value
for the culture without oligonucleotides (Student's ¢ test).
74, control ; B, sense; %, antisense.
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Fig. 12. A possible mechanism of hypoxia-induced proliferation of vascular endothelial cells (EC).and pericytes.
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Mechanism of Hypoxia-Induced Proliferation of Vascular Cells — Autocrine and Paracrine Actions of Vascular
Endothelial Growth Factor (VEGF)— Motohiro Nomura, Department of Neurosurgery, School of Medicine,
Kanazawa University, Kanazawa 920—J. Juzen Med Soc., 103, 394 —407 (1994)

Key words endothelial cell, pericyte, hypoxia, vascular endothelial growth factor, receptor
Abstract

As a first step toward the elucidation of the mechanism for hypoxia-induced angiogenesis, human umbilical vein
endothelial cells and bovine retinal pericytes were cultured under various oxygen tensions, and subjected to the following
examinations: (1) the growth of the vascular cells, the key step of angiogenesis, (2) expression of the gene coding for
vascular endothelial growth factor (VEGF), a specific mitogen for endothelial cells, and genes for their receptors, and (3) the
effect of antisense oligodeoxyribonucleotide complementary to VEGF mRNA on the proliferative ability of endothelial cells.
As a result, (1) the number of viable endothelial cells and pericytes was significantly increased under hypoxic
conditions. (2) Northern blot and quantitative reverse transcription-polymerase chain reaction analyses demonstrated that
VEGF mRNA is present in both endothelial cells and pericytes, and that the VEGF mRNA level is significantly increased
under hypoxic conditions. The three genes for VEGF receptors, fins-like tyrosine kinase 1 (flt]), fms-like tyrosine kinase 4
(fit4) and kinase insert domain-containing receptor (kdr), were found to be constitutively expressed in endothelial cells,
whereas only the flt] mRNA was detected in pericytes under hypoxic conditions. (3) Antisense oligonucleotide against
VEGF mRNA significantly inhibited DNA synthesis in endothelial cells cultured under hypoxic conditions. These results
indicate that the hypoxia-induced proliferation of vascular endothelial cells and pericytes is mediated by autocrine and
paracrine actions of VEGF.



