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PERREBRE T A~ A ) VBB L ) MRS ET 5 2 EARRIGIZH STV 528, "C@ﬁfﬁ"%‘éﬁfﬂifxﬁﬂﬂ YA

. KRB CERE, 1Ry e MRALEN J""HH]*W)F'Q%E LB ED L) R EENITT IO SR L
%@fﬁm , BNAETURAIAL O DNA A & ERERBIEES AR RN L 724 » 2 » OBEILKREE L’C’ﬁk,éﬂél A
BENT. F72, TOA4 YA COMEHEMREERIEEE L“CJI]l PNz M85 PR~ (vascular endothelial growth factor,
VEGF) & o'ﬂff‘f"éﬂé :‘:75 Ui b'/b‘ ol THEUTORMALTHL, 102 VIZBEShANEEBTIES
—k, VEGFSH KL TH L EF+— ¥4 ¥4 — MERREHK (kmase
insert domam»contalmng receptor, kdr) fms?h?*f‘ 03 » ¥+ — ¥ 1 (fmslike tyrosine kinasel, fitI) @ mRNA & 12132 % 320
Mol 4 YA LI X AWNEHIRLOHE & m%m%ﬁﬁmmmvmmibm~>mwu;of%£u$mént.é%u
£ ¥ A PARMEH EDOMEMN 2 IGEN T 5 2 KB O NS B EFE 2 MM L2, 4 22 Y ENEMIBD 79 A
3= UTIFR—-¥%—4 ¥ ¥ —1 (plasminogen activator inhibitor-1, PAI-1) OiFHEEZ NS ESL I L IELOHTHRY
Wi, fEoTA > A Yidd—F 2 Y VEGF %4 L TEHHEMIZMEHE L RESEHOAL ST, MARTKIZL Y KT
72 MUREE A48 ¢ & & THREEMIZ D IS A2 L, BIRMERREo R, BECEST0nLER LRI

Key words insulin, angiogenesis, vascular endothelial growth factor, hypoxia, diabetic retinopathy

v AR EAIOERANOIE TR R EE CRE LA &, A YA OMBEHEIRIZTEBEICOEIME L.
BELo LTEL FE, AR FFEBRICLD +H+1€Jml’-ml_ HRBUSE
HEREOER, MENHIL SR B L vy KB A R
DS MEFEINTHLY. LhL fyzu/mﬁum N VE
AosxEbud, HRICEBELTIibh s 1 > A o8l Ebhuﬁm NAAFPUZAIIE 7 7 R 3k @RI X b Bl
LEGALE A Y A YRR E, IR0, i gl s R 7z MLIEEBMESIIZ 5% & 0L, 0.4% 7 SRl
CLTHRBILZWESTL I EAMNSILTETEN?, 1A 10 ng/ml @ LR BGGEIA -, ﬂymmzﬁma~¢¢>¢mz

2 A > A D20 b OHEER IR & B S S 7:E-BM EeHbCHERR L, dEERIZIES ~ TOHRIE T O fe % Al
POL L 2GRN T b 2 LS iz &Y, 7.

WA, A EEMER L LD RSN D AT NIZ RN T I. AEMBIEOEERREE
(vascular endothelial growth factor, VEGF) ﬁ‘{lé WS 82 11 508 C i 3 v MANIAS NS AN RE 7 5 A 3% KA v b o — Lk

S AHEFE P BE BRI VERE B L S BT S A A2 - LT T
AW Sz &N, SEES LB LT lfll.ﬂi%[)\f%‘ﬁ\’c et
WL, #RE SN2 REIE L AUE A HY (advanced glycation

#& 4 x v /v— (Bellco, Vineland, USA) INIZi &, 02 (10%
5% F 72122.5%) £ CO» (5%) & Ny (85%, 90% % 7 l;tgzrﬂ,)
OWRGH A (WAREE, HL) 20510 v L O TS

endproducts, AGE) 25N ML A & CE/E S b 4 — MY ') M
VEGF % #r L T/ 2 5835 Z L 2 EICHIY LT b

& & V2B BRI MR A A 12 30T B ML-F AR I Y (blood-retinal
barrier, BRB) ®#ifil2d VEGFOME AR SN THEH?, =
O LIZE MR EREE LSOO ETIZ & > T VEGF A E
ENIBTEEFRBL TS, FITCRIFFETIEA XA LI
L BDBERIREBE DR, MEOSTEBEHLMIT L

FRC104E 9 A 10 B4, FHR 104512 A 10 H

BEA LM L 726, STCORMBMA IR L2, BET AL
24 W[ i | ’Lr‘s‘%‘lLt. Fx v N = NDH AL £ 0.05 % DK
14T 24 MR~ 1T e T,
1. Mﬂ@%ﬁﬁ@ﬁi
. ERB RO
flll W% 24Dy 5 A% —5 1 v a (Costar, Pleasanton,
USA) |ZHBREMHARIFAI20.25% M) 72 » THll, 0.17%

Abbreviations : AGE, advanced glycation endproducts; BRB, blood-retinal barrier; EC, endothelial cells; fit1, fins-
like tyrosine kinasel; kdr, kinase insert domain-containing receptor; mAb, monoclonal antibody; NF- B, nuclear
factor-kappa B; PAI-1, plasminogen activator inhibitor-1; RT-PCR, reverse transcription-polymerase chain reaction;
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2. DNAGKREDOHIE

NEMBEEZ24RY SAS—F v 2 lZ8RHH 2 X 10ME
BWHEL, MBS HRLLD 2 CRELEET CU4MELE
%, DNAGREZHE L., ThbbREKBEI1.Ci/ml L
A &9 IZPH]F 2 ¥~ (82.9Ci/mmol, NEN Research Product,
Boston, USA) # X 4 A v Fax—a v L%k, k&
5% Y 2 0 OEEEE (trichroloacetic acid, TCA) % /il 2 20 ok
LICEE LT EE L, MIEEkE5%TCAIC T3 EEkE
%, IMAKEREF M7 L2001 202 BR205HOREIZ L
DBEMLz. IMERE200 1 THA%, £B% 5SmlOfEEs ~
FL— & — LIRA L H gt 2 flE L0,

V. DNAO{L%E

1. 794A=—-BLU7a—-7

VEGF B X ' VEGF 2B mRNAME A ) I74 % 2 ) K
X VEFFTIAR—BLITO—-TE 7+ X757 354
FEIZ L ) DNAS K EEE E 7L 392 (Applied Biosystems,
Foster City, USA) # W TLESK L7z, SBHEOA ) T7F
FOYRXZ LA F FEHEIZITIOPCH 7 & (Applied
Biosystems) % Fiv:7z. VEGF, VEGFZB&ETHLEFF—F
4 v — MAWBZEMR (kinase insert domain-containing
receptor, kdy), fmstkF O ¥ ¥+ -1 (fmslike tyrosine
kinasel, fitl) B SN B-T 27 F DT 54w —BLITa—7
DEFiE Nomura 5 ® |25 72,

V. FUA)'RNA DS

A DOEHETCRELZB/DMENEMED 5 QuickPrep
mRNA 58 % » b (Pharmacia, Uppsala, Sweden) % Fi\V: TR )
(A)"RNA% 58 L 721,

M. BT —K1 x5 —EEHRKS (reverse transcription-

PCR, RT-PCR) & 2 DEHOT Y > T 0Oy MR

GeneAmp RNA PCR # v b (Perkin-Elmer Cetus, Norwalk,
USA) # vy, FFFYARNAZHE L L THIESREIZT
cDNAZAML, 2WT, EmRNAWHEN: TS (4 ~—%H
W T Taqg DNA R A F—¥IZTcDNAKH 2 H#IEL 2. G
IZIEDNAY —< V¥ A 7 5 — (Perkin-Elmer Cetus) %4 L
729 ZOBOPCREMIENomura s ® IZft- TEEHEZ LD
EEZHN530ngDKR) (A)T RNAZ vy, VEGFIZ30% 1 27
M, kdrd X UL TIE25H 4 2 MV CiFo 72, HIE#HD cDNA
2T HA—AFTNIZTERKER, 10y 7405 —
(/M4 R FN*, Amersham, Buckinghamshire, UK) 2§55 L
EHBIZTHEEL. DV T74 M7 —%50%F VAT IR,
5X [HIE-VVBFIITLA-ZFLIYUT I VEERK
(saline sodium phosphate ethylenediamine tetraacetic acid,
SSPE)], 5XF ¥/ L P (0.1% BV ¥=—LETY) Fr,
01%7 > T7V7T I, 01%7 14 2—)), 1%SDS, 500.g/ml
ZEWY B FDNADL 2B EBFT50T, 4BEH LA
TNFLE-ar&gik, 50 F VLTI, 5X
SSPE, 5X 7 ¥V i, 1%SDS, 500 xg/mlZEk+ 7 5%
TFDNA, *PEMA YV TX 7L+ F F7E—710pmol 5
LBBWHETE0C, 16BENA Ty FA ¥~ arsdi,

7Ju— 7RI, DNASRMmIE#RY v b (EiEE, 705 &
[y P} 75/ > =Y »B (NEN Research Product) % f#
L2, N 7Y FA¥—varth, 7405 —%2XSSC,
0.1%SDSICTEIRTISTMPE®EL, —80CTTH -3V %
574 —%Tolk. VIFLVBEOREIZZNL L 2=
Y7+ 4 —FUJIX BAS1000 (B+7 1 V4, iH) %
L7.

V. &AM ERTR

ARV IAY =T v oakfERHN20ulDT Y7
(Collaborative Research, Bedford, USA) THARL, 37 CT1k
BE LAREZERILS €999 208, BRH7D4xX
104 D /NI N AR % 3 FE L IR R 2 MR L7220 & T,
PIVEGF ¥ 7 10— VHETH % BL-2 (S FH {4 MRl 2R 5eir
LY E5) 10 pg/mlOFTE, JEFTET T30 HATLE L, #
DHE5% 0, DIEMEFE T 721201 pg/mlO & MEMZ T > R
v (Sigma, St.Louis, USA) D% 5., FE& 5 T CORFHESEL ..
EEBTEICEERBIIBALIETEERICKRY, EMERE
FEDREEHNIHA A— (Version 1.56) ZFWVCa v Ea—%
AT L7z, Tho OEMEREERETFHEMERICTARELE
LTWaAIEDPHERENTVE.,

M. 75X/ —=HF>T7I9FRE—12bEE—-1

(plasminogen activator inhibitor-1, PAI-1) &Nl
E

0.1pg/mlD A ¥ R D5, RS T THEMEEER
TR T 24 R RE MR, Bosb A I E M- PALL M2 )
FEL7Z Thbh, REEH2S LI RCRE38HA/mIDY
¥+ —+ (JCR Pharmaceuticals Co.Ltd., ##), 20 xg/ml®
75 A3/ —4"2 (Bio Pur AG, Bubendorf, Switzerland), &5
CHEEMoERE LT y—uf Y=YV r—=tuy=
J ¥{t&4 (D-ValleuLys pnitoroanilide) (Sigma) % 60zmol/l
mz, EREOMADHEEZ 05552405 F TEHIIL, I A3
COEBEREREERRLDERE L. PAIIEHIETT A
I VEROIIGIERE L D HELRY.

154 %

I. 1220 OMNIERE RN DER

1. DNABRBO{RENEM

b MMgNLEREMROBEEIZ S Y A) U RED LS R
B RITTH%DNA ~O [FH] F 3 ¥ 0 O D A HBETHRE
L7 RMIAWRRET LA A Yo X Y NEMBICBITS
DNAGHIZIRE S N, A YR v 2 X APEMAZDNAA K
RAETHMIZ0.1 pg/ml THREME Z R LT REDOMH 150 %HRET
Hote.

2. VEGF & #DZHEDFE]

bt N VEGFBEZEFHHEANIFF 4 TATITA4 L ¥ 7I2E
DEENDRLBHATEOMRNA ML, 20 LEEOREV2D
@ mRNA S FHED & 12 I W E D VEGF g0, VEGF06 %%, 5%5 2
FaH 5135 O VEGF 21, VEGF s DEHEEY A ET S,
ZZTAED mRNA % B3] L 9 5 RT-PCR#E® Fl WV CHET L7
HWREEIBICRYT. MEMRIZEWTESWE O VEGF .,
VEGFgs \ 255 55§ % 486bp & 618bp O DNAWTH 2SR &, £

SSPE, saline sodium phosphate ethylenediamine tetraacetic acid; TCA, trichroloacetic acid; VEGF, vascular

endothelial growth factor.
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OEBEIEA V2 AZX R Enz, 0.1 ug/midA ¥R VEGF 2 4SHEM 15 L T wa a2 WLl T 529,
) EEIZE D AEER L CHIEREOCHEN RO LN, Nz A % BL-2 T304 A LE L 727, 0.1 ug/mld A > 21
—7, VEGFZEWRTH 5 kdr 2 fitl DmRNAL N Vid A ¥ A > 0¥, ST CAREEELPHIF I UL 08U A A
Uy o5 E Y EIZ) T oz, FME L. ZOKE, RICIRT & 52k b VEGFH.Y
3. MiVEGFH¥ 7 10— L Hifkiz & 2 BGE AR O— 4R TH 2 BL2IE A » A v & AAEMIIEODNAS
4 YA & BN MO MIEREERIZA -2 )~ AR MR ] 2 BARAERY IS A S 87z, 10 pg/mlDBL2 T A »
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Insulin (ug/m)
0 0 10 0 1 "5 10
A Ab (ug/mi)
0 0.01 0.1 1 10
Insulin (ug/mi)
B Fig.1. (A) Effects of insulin on DNA synthesis in

microvascular endotherial cells (EC). EC were treated with the
indicated concentrations of recombinant human insulin for 24
hr, and then [*H]thymidine incorporation into acid-insoluble
0 0.01 0.1 1 10 fractions was determined. Each column represents the x +
o - o SEM of 3 replicate experiments. * P<0.05, ** P<0.01 compared
to the control value without additives (Student’s ¢ test). (B)
Expression of VEGF and its two receptor genes in EC when
exposed to insulin. Poly(A) " RNAs were isolated from EC that
had been incubated with the indicated concentrations of
insulin for 4 hr in a medium lacking epidermal growth factor
and hydrocortisone, and underwent RT-PCR. PCR
amplification for 3-actin mRNA was performed at 20 cycles.
(C) Effects of a BL-2 monoclonal antibody (mAb) against
VEGF on the insulin-induced DNA synthesis. EC were
preincubated with the various concentrations of the antibody
for 30 min, and then treated with or without 0.1 z g/ml insulin
for 24 hr in a medium lacking epidermal growth factor and
hydrocortisone., The percentage of [*H]thymidine
incorporation is indicated on the ordinate. Each column
represents the mean values of 4-8 replicate experiments.
Vertical bars show SEM. * P<0.05, ** P<0.01, compared to the
value obtained with 0.1 xg/ml insulin alone (Student’s ¢ test).
Ab, BL-2 anti-VEGF mAb.

Insulin (ug/ml)

VEGF 153 =

kdr =

fit1 =—

p-actin =
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Fig.2. (A) Growth of human microvascular EC under hypoxia. 2 X 10! cells were seeded per well and grown under various concentrations
of oxygen. The number of viable cells is indicated on the ordinate. Culture period after cell attachment is indicated on the abscissa. Each
point represents the mean for triplicate experiments; vertical bars show SEM when larger than the symbol: *P<0.05, **P<0.01 compared
to the number of the cells cultured under 20% O (Student’s ¢ test). @, 20%; O, 10%; M, 5%; &, 2.5% O.. (B) EC expression of VEGF and its
two receptor genes under hypoxia. Poly(A) * RNAs were isolated from EC treated with the indicated concentrations of oxygen for 24 hr,
and analyzed by RT-PCR. (C) Neutralization by anti-VEGF mAb of hypoxia-induced DNA synthesis. EC were preincubated with a BL-2
mAD for 30 min, and then exposed to 5% Oz for 24 hr in E-BM medium supplemented with 5% fetal bovine serum alone. The percentage of
[*H]thymidine incorporation is indicated on the ordinate. Each column represents the mean value of 4 replicate determinations. Vertical
bars show SEM. * P<0.001, ** P<0.0001 compared to the value with 5% O- alone (Student's ¢ test). Ab, BL-2 anti-VEGF mAb.
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TG R RBER L. 2O#R, W2AIRT &
IIIEERFIRAE LD & 0 MBI O B AT I RE S L, 5%
0, CRADHIILER R R S s, BREMREIC & 5 A
HRIE5%>10%>25%>20%Th - 7z,

200 - ke k

DNA synthesis (%)

0..
0 0.1 0 0.1
insulin (ug/mi)
20 20 5 5
%0,
B
C H I H+l
VEGF L el
VEGF19; =
p-actin ==

Fig. 3. Microvascular EC DNA synthesis and VEGF gene
expression in the presence of insulin and hypoxia. (A) EC
were exposed to 5% or 20% Oy in the presence or absence of 0.1
s.g/ml insulin for 24 hr in a medium lacking epidermal growth
factor and hydrocortisone, and assayed for [*H]thymidine
incorporation. Each column represents the X &= SEM of 4
replicate determinations. * P<0.05, ** P<0.005, *** P<0.001
compared to the control value without additives (Student’s ¢
test). (B) EC were exposed to 5% or 20% O for 20 hr, and
further incubated with or without 0.1 xg/ml insulin for 4 hr
under the same atmosphere. Then 30 ng poly(A) " RNA from
each culture were amplified by RT-PCR. C, control without
additives; H, hypoxia (5% 02); I, 0.1 xg/ml insulin; H+I,
hypoxia (5% O») plus 0.1 zg/ml insulin.

2. VEGF & % D2 BEDFB

T4 OFEFIRET24 0 M2 L2 WML 2.5%, 5%,
109%, 20% 0y 205 Y (A)*RNA % 58 L TERRT-PCRE
(2% ) VEGF mRNA L NV &5 LR 2B TH L. &
FiREEDT 12~ TVEGF mRNAL ~NLAE L (AT A Z
EDEVH &7, VEGF mRNA L~V IZERFEIRETR LS
<, 20%FEEROKSHIZTTHML . VEGFZEATIIE
FEMEDORTIZE > Thdr mRNA L NS REM R L2
A5, fitl mRNA L~V 2B XD o 72,

3. FLVEGFHL 7 0 — Y HiARIZ X A FHER

VEGF 28R E Al B & 2 BN TR R M o0 18 il a5 S8 0 2 B
B Tna NI i Ah b0, HIVEGFR 7O —
itk Td 5 BL-2 % H\V TR ML O DNAAHIZ B ST TR
Tz BL2EINA 72305 M ORI ER, 5% 0, DIEE
B CHEM O DNANOPH]IF 3 ¥ ORLD AR RE & BE
L7:. 208, H2CIRT &) I EBEERNBIC L 2 DNAA
BAREME I BL21Z & - THBKFMIZHH S 7z, BL2H
TRTIEPN R HINE O DNA & T & 8% S T e do 72,

M. 122> &REIEC & 2 EME L AR RIRETE(REE

=]

ELIZEEHEA A YPEERICL ANEMEODNAS
BARMERD VAR ME IS EAI T B B s Mgt LAz, $4bb,
NN RN % 0.1 ng/ml A ¥ AN 27 B UNIZ5% 0, DFF
16, JEAEAE T C2A4MEMREEL, MEMRODNASRIZRIZT
BEEARE L. FORKE, M3AIRTMWL, Iy ba—
EHANRTA YA oS5 TH30%, ERELETHS0%,
WKEEETF A v 2 %5 THE0%DDNAGH OB %30
o, ZOZENS A YA PIEEEEIC & Ao TR
MEAZHIMBICER T2 LS o7z, £72K3BIIR
T, PMEEHINIZ#31) 5 VEGE mRNA OFBL 1 > AU >
ERBEFIZL D HMAICHE SN D Z EATRENI.

N. 122U, EBERICLIERERFEER

DVTA YA, IREERIC & 25N LE N R0
FEERRE I BT B oOWTHRET L7, = ULV THIRL
72240 TG AY = F v v a TN ERE L, BL21E4,
JEFEAE F O304 FIRTALEE L2288, 01 pg/mlD A > AN ¥ b
25 % Oy DIREEFATAL, JETEAE F ORISR T~ /2. £
OFEE, BAARTIL, Ay A v, KEEEE IR
U ECOMNEMEERE A RE L2, /2, FOVTi
OFFED 10 pg/mlOBL2 TREAEIH S L2 L n, +—
b2 Y VEGF 2 ¢ A L#EZ LN 4 2 A BT
50%, {EEEZLMTIZMI00%, FLTA ¥ AU » & kmEdkn

Table 1. Effects of insulin on PAI-1 activity in microvascular EC

Treatment PAI-1 activity (%)
None 100.0+7.3
Insulin 206.3+5.7 *

After microvascular EC had been treated with or without 0.1
ug/ml insulin for 24 hr, conditioned medium was assayed for
PAI-1 activity.

Data represent the X% SEM of 9 replicate determinations.
*P<0.05 compared to the value without insulin (Student's # test).
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B TR 150 % DEMEBRACEFR BB SN/, M4BIZHE 5. FICHRUMIENEMEOPALLFEMIZB LIZ¥ 4 v 1)
WeEHEERT. CORBIIOESRE L. TOMBEERLRTWL, 24k
V. £ 2 XU il & 3 PAL-1 BN ER D01 pg/mlDA > 2 LI & - THEMIL O PALL iE:
BNIRATER S UL, Z2ORMEIEBRERECBE Zar b= Lo 2EIZFTED ST,
A
8-

— 7—
E
g 67
E .
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£ 4-
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c
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Hypoxia - =+ 4 = -
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BL2 - + - + - + -

Fig.4. On-gel tube formation assay. (A) Quantitative representation. EC were seeded on Matrigel with or without 10 xg/ml anti-VEGF
mAb (BL-2), and then exposed to 5% (hypoxia +) or 20% O, (hypoxia -) in the presence or absence of 0.1 xg/ml insulin (insulin) for 6 hr.
Nine fields were randomly selected for each culture and photographed. Lengths of tube-like structures were measured with a
microcomputer-assisted NIH Image. Each column represents the X value. Bars show SEM. * P<0.05 compared to the value without
additives (Student’s ¢ test). (B) Typical microphotographs of EC tubes. a, Culture without additives; b, with 10 zg/ml BL-2 mAb; c, with
0.1 pg/mlinsulin; d, with 0.1 xg/ml insulin plus 10 » g/ml BL-2 mAb; e, under 5% Oq; f, under 5% O, with 10 2 g/ml BL-2 mAb; g, under
5% Oy with 0.1 xg/ml insulin; h, under 5% O, with 0.1 #g/mlinsulin plus 10 g/ml BL-2 mAb.
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ﬁww’ib MEFHEDF—AF v T ThHhHNEMIEDH
TEEENEWEDA VAN SZEDVFEENLZ LI LD TH
HMZENT. DA YA P OMEFEFE L, TR
VS VBRI CODNAERZREZ G LWV
King & " O#H&E L —H T 5. 60K L 4 EAOEBREETIE
{7 AN 2L 5 DNARHOREREICETOENTED LN
B, FASEBRICHV - NE ML oEE, B, SiEst
DEVIZEZBEEZLND, EOIZEHFIIA R v OMEDR
EEEAEICONENMBEy TEE ST — 7)) >
VEGFE A TAHZLHRVWHLZ Thbbrr2) 2k
I T VEGF O mRNA &AL, 1 v A »i2k
B /NI N R IR O RE G & S E T 0 B 2B VEGF B 7 1
—YHRIC L D EEIZPH &N ZOHEREERIZNESRO
BB B B LIS o2 b s, FEFA
EHEPADOFTIEIZ L 2L DL IZEZIZ .

LIRS CIERBEIR BV TbEELTH— 2 Y
» VEGFEHIZ & U (/b & PR M o 1 5 & A T e A (e

ENB I EABEINT. EKERET T VEGF OERIIE LRI
KMETH 5 b PEHIRNEERTOHESATHEY, 2o
2ODAEMIZ B B IEEEE T COMIMRITIZIE S Lol
PR b7z, BARMICIZBEEIRNZ MR CIX10% 0, F T,
=7, NSRRI TIE5% 0, TTRADMIEZ R L7
TR REIL O £ 81 (heterogeneity) X —M%RT o D&
E2HN5Y, E5I125%0, FTIEA ¥ A Y2 & A BN
PR HIRE O DNA & 1 & B IETE B M AN AR DAY 12 Bk &
2, ML ORI OIVEGFE 7 o — S Hifkic L b
mHIE N, L7zaoT, 1A »EEEEEIZILIZVEGE
TMEFEFESFERA T4 -5 =L LTw5B EHNE
FWAR

A, MO R MR IZ & - TVEGF DA SRS S 1L
HERRR N E COMEF E A2 RET S Z L E ST

Y AMm@hA#bmmMH%M%KHme
122 PIHHEDSVEGF ML ClRES S 5|2 x4 2
k“5%%%%ﬁ%&%?év&#g Z. VEGFIZ 72, 1
EEAMRFLLTHRSNTEY D, BB EIIASILD
BRBEHEIZ B G55 2 & & =8 ST B 7, B PE R B
BV TIEBRBIAE L & B ML & 8 PE 00 S0 AT B0 72 ) 10
%%t%&éﬂfwé”:k#b,mM DBEBR IR IS 0

’é%&xUVﬁ%%LTwéﬂﬁﬂ%#abﬂé e,
{/Z') YA & o TIEE M HEAE L BHIMAE 2507
V73 /(Jﬁq;‘[ﬂf)‘ﬂéljuﬁ“ LI ENHERTEB YR, Zouhe
EXRLTVD, 5124 YR B & D B g v
WKLo TH VEGFOFEA Y I SN ehd, b
DBFEDVHAED & 5 TA ¥ 2 IR HE BRI PEIRR: o 1
EPHEINIOTHAH Y,

{ > A 2 & 5 VEGF mRNA O 5B X BB R T 5
P o TVRWA, A > A CHEIEK 14701 ~ 10ug/ml
DRETVEGF mRNADFHELH| &R S hd o/ GRIEET
~9):t#% A2 PIEBUNMILENEME o4 2 A

FEGEALCTERATA IO LENS N LD, 721V
YREBROFTL ) VEEE L THART «B (nuclear
factor «B, NF-xB) #iEMHALL 9 A 2 L AREENT VWS,

LB MEHAEOEE 523

oTA A YIINF-«BENTHFEKIC
mMRNAL XL ZEINEES 2000 uu;w’.
i 93 ML M DS R V2 B 4 e LR NI ATRE R L C v
%29 Yamagishi & (3 DT8R 72 B MAERAECIBL, &
MENHAGEFNEMBOMEEETORS /4 FTHLT
DAY A5 Y DEAEMET L7 TlER(, PALLEH
WML CHEMR COMBRERAIREST A Z LG LTV 5
DO KIFFETIEA > 2 ¥ AN LS R 1 T PAT- 1
P R S M R RE A 55, B L R R e 8
HHIERAPSHZ L WO THEL Mz SNz, KIS CRAL
SNBM/NMBIEBETO BN & REEREZ &R L,
VEGF D) 7% A % A LT & SIS H A %188 8¢, R
RV 2 M, B X I D0 THAD

& i

- TVEGF

AL AN LB MEH EFE L ZO5THEICD ERG
L, DFo#mi %57,

1. A 2R i, & M N ML o Rl &8
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Abstract

Insulin treatment is epidemiologically known as an independent risk factor in the progression of diabetic retinopathy.
However, how insulin exacerbates the retinopathy is not yet fully understood. In this study, the effects of insulin on the
growth and tube formation of microvascular endothelial cells (EC) were investigated. When human skin microvascular EC
were grown under various concentrations of insulin, DNA synthesis as well as tube formation of EC were found to be
significantly stimulated. Evidence that vascular endothelial growth factor (VEGF) is the main mediator of the angiogenic
activity of insulin was obtained as follows. Insulin upregulates the level of mRNA coding for secretory forms of VEGF, while
the expression of the two VEGF receptor genes, kdr and fIt], was essentially unchanged by the exposure to insulin. A
monoclonal antibody against human VEGF can completely neutralize both the proliferation and the tube formation of EC that
is induced by insulin. The angiogenic effects of insulin were additive with those of hypoxia, a principal factor in causes of
angiogenesis. Further, insulin significantly stimulated plasminogen activator inhibitor-1 activity in EC. The results thus
suggest that insulin not only elicits angiogenesis through the induction of autocrine VEGF but is also a predisposing factor for
thrombogenesis, which may give rise to focal ischemia that could superdrive angiogenesis, thereby leading to the exacerbation
of diabetic retinopathy.



