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streptozotocin-induced diabetic rat model

10

11

14

15

16

16

40

43

49

50

53

62




[1]

[2]

[3]

simple diabetic retinopathy

(SDR)

vascular endothelial growth factor
(VEGF) intercellular adhesion molecule (ICAM)-1
[4-8]
fluorescein angiography (FAG)
non perfusion area (NPA)
intraretinal microvascular abnormality (IRMA)

preproliferative diabetic retinopathy (PPDR)



NPA

photocoagulation (PC)

proliferative diabetic retinopathy (PDR)

vitrectomy

17 14

metabolic syndrome

risk factor

[10, 11]

VEGF



Quality of life

endothelin (ET)

ET 1988 Yanagisawal12]

21

ET ET-1 ET-2 ET3

ET-1

ETA receptor ET-1=ET-2=ET-3
receptor

receptor

ET

ET-1

[22-27] ET-1

[13] [14] [15]

3 [16]
[17]
ET-1 2 ET-2 > ET-3
ETg receptor [16] ETa
ETs
[18]

[19, 20] [21]



[22, 24, 27]

electroretinogram (ERG) [26]
[28]
ET-1 nitric oxide (NO)
[29]
ET receptor agonist ET receptor antagonist ET
ETA receptor
[23]
Clermont ET-1
VEGF
[30]
[31]

ET-1 150

Takagi [32]

streptozotocin (STZ)



33% ET antagonist

1x108M ET-1
[32] ET-1
ET
antagonist [33, 34]
ET-1 Letizia
ET-1
[35]
ET-1
ET-1
ET-1 trigger
PDR
ET-1
[36]
ET-1
ET-1
ET-1



ET-1

Goto-Kakizaki (GK) rat Zucker Diabetic Fatty

(ZDF) rat



WBN/Kob rat[37] 2
[38]

Spontaneously Diabetic Torii (SDT) rat 55

[39]

SDT rat

SDT rat

Otsuka Long-Evans Tokushima
Fatty (OLETF) rat[41]
type
30 type 40 45
acellular
capillaries  pericyte ghosts

[42]



(1)

(2)
(3)

GK rat OLETF rat

3

SDT rat OLETF rat

7

[43-47]

WBN/Kob rat

[37, 39, 48]



streptozotocin-induced diabetic rat model

2-1

ET-1

2-2

STZ

[32, 33, 49-51]

streptozotocin (STZ)

Takagi

ET-1

STZ

STZ

10

VEGF

STZ

STZ

65 90mg/kg



45mg/kg

[52]

STZ

[53-55] 2 1
56-58]

[33]

ET antagonist
250mg/dl
500mg/dl STZ

STZ

11

[33,



ET antagonist

3-1 Vascular endothelial growth factor (VEGF)

VEGF

[59] [54, 56,

57, 60-63] [64-66]
VEGF
advanced glycation end product (AGE) [67]
protein kinase C (PKC)
[68] VEGF
[4, 5]
VEGF VEGF

3-2 Intercellular adhesion molecule ICAM)-1 Retinal leukostasis

retinal leukostasis

(6, 55, 69-71]

12



interaction

Retinal leukostasis

[72]
leukostasis
ICAM-1 [7, 70]
[7] Leukostasis
leukostasis ICAM-1
VEGF ICAM-1 retinal leukostasis
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receptor BQ-788 ETgs receptor

ETA receptor

vitro

bosentan[74]

14

ETA receptor
ETg receptor

BQ-123 ETa

BQ-123

in



Takagi

[32-34] ETa receptor
ETA receptor ETg receptor
ETA /ETg receptor ETA /ETg receptor
ET-1 ETA receptor
(23]

ETA receptor

BQ-123

ET-1 ETa
receptor

VEGF ICAM-1 leukostasis
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streptozotocin (STZ)
VEGF ICAM-1 Retinal
leukostasis [6, 7, 53-57, 60, 69,

71]

ARVO (The

Association for Research in Vision & Ophthalmology Statement for the Use

of Animals in Ophthalmic and Vision Research)
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STZ

buffer)

(TA-0201)
(DM+TA-0201 )
)

DM+TA-0201 3

VEGF mRNA (Real-time PCR)

VEGF & ICAM-1 protein (ELISA)

(citrate

(non-DM control )

4

(DM+vehicle

sacrifice

non-DM control DM-+vehicle

VEGF & ET-1 protein (Immunohistochemistry)

Retinal leukostasis (concanavalin A Retinal flatmount)

Histopathological analysis (HE

2

)

fluorescein angiography (FAG)
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2-1

10 (Sprague-Dawley
rat)
STZ
115
2-1-1 STZ
500mg/dl
STZ
pH
4.0 6.5 0.01IM 0.1M
pH
0.1M pH=4.5 200ml
CeH5Nas07 2H20 MW=294.1
HOOCCH:2C(OH)(COOH)CH2COOH MW=192.1
0.1M 500ml
14.7g 500ml
0.1M 100ml
1.92¢ 100ml

18




pH

2-1-2 STZ STZ
STZ

(45mg/kg 70mg/kg) 1.5ml

STZ
Ascensia BREEZE ®
STZ 48
120 168 336
45 b55mg/kg STZ 600mg/d1
200 400mg/dl
200mg/dl
66mg/kg STZ 500mg/dl
70mg/dl
500mg/dl

70mg/kg STZ

19




2-1-3

70mg/kg STZ

(1) non-DM control  ( )
(2) DM+vehicle (STZ 70mg/kg )
(3) DM+TA-0201 (STZ 70mg/kg

)

2-2

2-2-1

TA-0201

[75-79] 0.3

0.5mg/kg/day [76-78, 80, 81]

1.3mg/kg/day [75, 82]

1mg/kg/day

2-2-2

TA-0201

Durect Cupertino, CA ALZET ® osmotic mini pump (model

20



2004)

28 )
model 2004
2-2-3 TA-0201
TA-0201
TA-0201 TA-0201
200l 0.25pl/hr
1mg/day 1
1(/24hr) 1mg/ 6l TA-0201
TA-0201 TA-0201
DM-+vehicle
2-2-4
STZ
DM+TA-0201

DM-+vehicle

21

Model 2004

614

TA-0201



2-2-5

10% ®
1 1.5cm
2-0 silk 3

2-3

DM+vehicle
DM+TA-0201 3
2-4

4

2ml

-80

22



2-5 VEGF

2-5-1 RNA
RNA
RNA 100% diethylpyrocarbonate
(DEPC)
2ml -80 4001
ISOGEN
5
30 vortex 80l
Max 15 Vortex ( 15 shake)
3
12,000x g(12,000 ) 15 4
RNA 1.5ml
165l etc
2001 Vortex
5~ 10

23




12,000x g 10 4

RNA
70% 400l
12,000x g 10 4
RNA
100% 400l
12,000x g 10 4
RNA
DEPC TE pHS8.0
total RNA DEPC Milli-Q
vortex

0.5%SDS
1001

24




2-5-2 RNA DNase

DNase
QIAGEN RN easy mini column kit & RNase Free DNase set DNase
Total RNA (DEPC total volume 100l )

100% EtOH

RNase free tube & tip

9-

QIAGEN RN easy mini column kit & RNase Free DNase set
(RLT buffer, RNase free water, RW1 buffer, RPE buffer)

DNase DNase-Free DNase set (Cat.No 79254, -4  store)
DNase 55041 RNase free water kit

1.5ml
-20 9
RDD buffer

22

i} RLT RLT buffer 2- 100: 1
350l
Vortex

1L +100% EtOH 2501
Vortex
1
1.5ml 700l mini column
1
10,000 15 22
1
kit
1L +RW1 buffer 3501
10,000 15 22

25

tapping




1
Mini column DNase
il
1

15 incubation
1L +RW1 buffer 350l
10,000 15 22
1
1 +RPE (RPE buffer
10,000 15 22
1
1+RPE (RPE buffer
10,000 2 22
1
1

10,000
1
1.5ml

1

kit RNase free water 50l

10
1
10,000
1
OD

DNase RDD buffer

100% EtOH 1:4

100% EtOH 1:4

15 22

mini column

mini column

incubation
1 22
60~70%

1:

8

) 500l

) 5001l

80
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2-5-3 RNA Reverse Transcription

RNA cDNA
Omni script RNA Reverse Transcription
total RNA 4pg 27.6
il
master mxture 12.4p1
vortex
1
37 2
40l 20l 980l vortex 2ng/l
DNA
20l 180l sample
1ml 10ng/pal standard
-20
Omni script kit+RN ase inh. 1
master mixture 1 2
10><Buffer 4l (kit)
dNTP 4pal  (kit)
Oligo dT primer 0.4pa1 Life science
RNase inh. 2l (kit)
RT 2l (kit)
12.4pl

27




2-5-4 Real-time PCR VEGF mRNA

cDNA  template VEGF mRNA
mRNA Applied Biosystems (ABI) Foster City, CA,USA prism
7700 Sequence Detector PCR real-time PCR

real-time PCR 96
master mixture
7700 Sequence Detector real time

TagMan Probe

ABI

house keeping gene B-actin

Primer & Probe

For VEGF

Sense: 5’-tgagaccctggtggacatett-3’
Antisense: 5-cacacaggacggcttgaaga-3’

Probe: 5-ccccgatgagatagagtat-3’

For B-actin

Sense 5’-ggeccgggacctgaca-3’
Antisense 5-gctgtggtggtgaagetgtag-3’
Probe 5’-actacctcatgaagatce-3’

total 251 1 well

28




ABI

PCR Master Mixture 12.5ul
TagMan primer & pbobe (FAM label) 1.25pl
DDW 6.25pul
5.0l
total 25.0p1
standard 10ng/pl
4 552.5-1.25-0.625
96
1000rpm
PCR
ABI prism 7700 Sequence Detector
SDS software
PCR
Thermal Cycler Conditions
1 50 2
2 95 10
3 95 15 60 1
3 = repeat 40cycles
PCR SDS software VEGF B-actin mRNA

Experimental Report

7700 96 well

29




Experimental Report VEGF B-actin
mRNA B-actin VEGF
2-6 VEGF ICAM-1 protein
2-6-1
ELISA
-80 PBS 500pl
300l
18 RO
15000rpm 15 4
1.5ml
3 1.5ml 3 blank
2
200l dH:20 blank 100l

dH20

30




10l BSA (20mg/ml) 10l

vortex

100l
100l
A B 501
A B 1ml
Vortex 37 30
ELISA triplicate 6
2001
Biolumin  550nm
2-6-2 ELISA VEGF ICAM-1
ELISA VEGF ICAM-1
ELISA VEGF ICAM-1
Standard 1.56ml 5
2001 Calibration dilutent
Standard
Standard Standard 2001 200
il 2
5

31




VEGF ICAM-1 Standard
50l duplicate

2
2 VEGF ICAM-1 Conjugate Calibration dilutent
Falcon tube 100l
Calibration dilutent  Conjugate 11(mD: 0.5(ml)
5
Conjugate 100l
2
5
Color reagentA B 11 100l
30
stop solution
Biolumin  450nm
blank VEGF ICAM-1
VEGF ICAM-1
2-6-1 sample 1mg VEGF
ICAM-1 (pg/mg)

15ml
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2-7 VEGF ET1
2-7-1
10%
SHm
2-7-2
microwave oven (750W)
15
4
PBS
5 1 PBS
5
3% 7
3% PBS
5 PBS
10%FBS/PBS-T
30
30 10%FBS /PBS-T PBS

33




1 1% FBS /PBS-T 37
1 4 over night

PBS 5
3 PBS

DAKO EnVision 2 3 30

PBS 5 3

DAB solution

negative control 1

(1)PBS 2L

(2 PBS 50ml PBS-T

PBS 50ml+Tween20 2541 =PBS-T 0.05%

(3) 50ml  PBS-T 22.5ml 25ml  10%FBS/PBS-T

PBS-T 22.5ml+ FBS 2.5ml
(4) 25ml  10%FBS/PBS-T 2.5ml  (2) PBS-T
22.5ml 1%FBS/PBS-T
(5)deperoxdase
30%H202 100% 10
H202 2.5m1+100% 22.5ml

detection

VEGF (rabbit antihuman VEGF polyclonal antibody, Immunological Laboratories, Fujioka, Japan)

34




ET-1 (guinea pig anti-ET-1, Peninsula Laboratories, San Carlos, CA)
DAKO EnVision, Peroxidase, Rabbit (DAKO, Carpinteria, CA)

2-8 Retinal leukostasis

Concanavalin A

Fluorescein concanavalin A (FL-1001) (Vector)(Con A) 25mg 1

40 g/ml
1x PBS in vivo tablet (1 200ml )
10% buffer formalin 6F  20% Q
50ml Falcon tube 5 15ml Falcon tube 2
50ml 3
100mm tissue culture dish

3Fr

2-0
Micro slide glass (PLL ) Matsunami

24x24 Micro cover glass Matsunami
Perma Fluor Aquaous Mounting Medium (Thermo)

1 2 1 1

pentbarbital

35
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50ml Falcon tube 5 2 ConA1l 2

Con A ConA 320pl Vortex
15ml Falcon tube 2 10% buffer formalin  5ml
50ml 3 PBS 2 ConA 1

2-0

PBS g 0.1ml

Con A

PBS

10% buffer formalin

25

36

PBS 40ml
100mm dish
2

15ml

Con A




PROVIS AX70; Olympus, Tokyo

2-9

2-7-1

Hematoxylin Eosin

Hematoxylin-Eosin

5 Hematoxylin

5 Eosin

Eosin

37




2-10

10

FITC-dextran

FITC-dextran angiography

Fluorescein isothiocyanate-dextran (FITC-dextran) (Sigma Chemical Co., St. Louis,

MO) 50mg/ml

1x PBS

10% buffer formalin
15ml Falcon tube 3
100mm tissue culture dish
Micro slide glass (PLL

24x24 Micro cover glass

) Matsunami
Matsunami

Perma Fluor Aquaous Mounting Medium (Thermo)

1 1 1
1 1
pentbarbital
15ml Falcon 2 10% buffer formalin

38

5ml 100mm dish  15ml




FITC-dextran 2.5ml

10% buffer formalin

25
2
PROVIS AX70; Olympus, Tokyo
2-11
Stat View version 5.0
mean +=SD Mann-Whitney- U
Scheffé P 0.05
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3-2

3-3

ET-1

DM+vehicle DM+TA-0201

non-DM control

DM+vehicle DM+TA-0201

TA-0201
1 HE
ET-1
STZ
[32, 33, 49, 51]
ET-1
2A  TA-0201 ET-1
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3-4 VEGF

Real-time PCR VEGF mRNA 3A
non-DM control vehicle
DM-+vehicle VEGF mRNA (p<
0.05) TA-0201 (»p<0.05)
ELISA VEGTF protein
3B Vehicle DM-+vehicle
non-DM control 30% VEGF (p<0.05)
TA-0201
VEGTF protein
2B Vehicle
VEGF
2B vehicle
3-5 ICAM-1 Retinal leukostasis
ICAM-1 protein 3C VEGF ICAM-1
protein vehicle DM-+vehicle non-DM
control 30% TA-0201
(p<0.05)
ICAM-1 protein leukostasis
4 3 concanavalin A
vehicle

41



DM-+vehicle
4B

4A TA-0201

vehicle
non-DM control

TA-0201

10

(FITC)-dextran

non-DM control

DM+TA-0201 4C
5
DM-+vehicle
3.3
75.6%
5

fluorescein isitiocianate

FITC-dextran
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STZ

VEGF ICAM-1
leukostsis ETa
TA-0201
4-1 VEGF
VEGF
[54, 56, 57, 60-63]
PDR
[64-66] PDR
[59]
VEGF
mRNA real-time
PCR ELISA VEGF

VEGF [83]
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ET
VEGF
A VEGF vehicle
ETA receoptor
pericyte VEGF
4-2 VEGF ET-1
VEGF ET-1
ET-1 VEGF
[84, 85] ET

VEGF

[86, 87] ET-1
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VEGF ETa

[86]
ET-1 [32, 511
VEGF ET-1
VEGF A
A
VEGF ET-1
vehicle
ET-1 A
VEGF 4-1
ET-1
VEGF HIF-1a
[86]
VEGF ET-1 HIF-1ax
[88-90] HIF-1ax
VEGF ET-1
VEGF
gel shift assay HIF-1ax
HIF-1a ET-1 VEGF

ET

45



VEGF

4-3 Retinal leukostasis ICAM-1

VEGF leukostasis
leukostasis ICAM-1
[6, 7, 55, 69-71] vehicle
3.3
A 75.6%
ICAM-1 vehicle 30%
A
ICAM-1 ET
ET-1
ICAM-1 A S-0139
B BQ788
[91]  aldosterone ICAM-1
A BMS 182874 [92]
A
A ICAM-1
ETA
TA-0201 ETA/ETs SB209670 SmithKline

46



Beecham Pharmaceuticals, King of Prussia, Pa

ICAM-1 1
B BQ788
ICAM-1 ETs
VEGF ICAM-1
[70, 93] VEGF vehicle
A
A VEGF
1
SB209670 VEGF
2 A
VEGF
VEGF ICAM-1
VEGF
Leukostasis ICAM-1
A leukostasis

47

ICAM-1

ICAM-1

ICAM-1

ETA/ETg

VEGF

ICAM-1



leukostasis
A VEGF

leukostasis ICAM-1

non perfusion area (NPA)

A VEGF ICAM-1 leukostasis

4-4
HE 5

10
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STZ

VEGF ICAM-1 leukostasis

A TA-0201
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VEGF ICAM-1 Ileukostsis

A
VEGF VEGF SU5416 VEGF
pegaptanib (Macugen®) VEGF ranibizumab (Lucentis®)
VEGF
[94-98]  VEGF
[99, 100]
VEGF
QOL
VEGF
VEGF

[101] VEGF
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[102]

VEGF
ET
[103, 104] VEGF
ET
EUCLID study
2 angiotensin converting enzyme (ACE)
lisinopril placebo 50%
82% [105] ACE
ET [106]
ET
ET
ET ETA/ETB
bosentan Tracleer ® 2005
ET
A sitaxsentan (Thelin®) 3
[107, 108] 15th annual meeting of European
Respiratory Society [109]

51



ETa
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