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Diabetic Retinopathy and Endothelin

Koichi MASUZAWA'"? and Sadao HORYT’
'Department of Ophthalmology, Tokyo Hokubu Hospital
*Department of Ophthalmology, Tokyo Women's Medical University

Endothelin (ET), a very potent and long-acting vasoconstricting peptide, was discovered some 20 years ago.
Research on this peptide has since advanced in various fields. Elevated ET expression is believed to be the cause
of decreased blood flow in early diabetic retinopathy. In addition, ET has been suggested to be a factor aggravat-
ing proliferative diabetic retinopathy. Moreover, interactions of ET with representative bioactive factors that are
known to aggravate retinopathy, such as vascular endothelial growth factor (VEGF) and intercellular adhesion
molecule-1 (ICAM-1), have been confirmed by studies including ours. Recently commercialized ET receptor an-
tagonists, associated with pulmonary hypertension are indicated. Regarding diabetes mellitus, ET receptor an-
tagonists have certain benefits over VEGF receptor antagonists. We thus anticipate that, in the near future, indi-
cations for ET receptor antagonists will be expanded to include inhibition of the proliferation in diabetic retinopa-
thy.

Key Words: endothelin, diabetic retinopathy, vascular endothelial growth factor, intercellular adhesion molecule-
1, endothelin receptor antagonists

LI 1. I>KEU> (ET) &l
W TN T, FlEomEHEER2RTRS ET i& 1988 4£1Z Yanagisawa 5”12 & 0 7 ¥ M4
FFTHBLTY Pt ¥ (endothelin : ET) 2% R WEMRORE FEPOEBEINZ21HO T I/
ENTHHH 20 EI/LAY. ZOMICIEREER BREVBERTF FTHE. A ATFTNVERNED

DIHEZILOE LTSI H THIZRSER™, &k
ET S92 2B 46HERED LHishs L)y ick-
2. IBRIOEBTD S FIFLWEIEALZD, B
PRIGHERE D HEAT & DRHEZ RIET 5 ME DS EK
AN BB T 5. AT, B
RIGRBREICB T 5 ET 0510 %, WEEDE
LICHBT AREN R EHEERNTCTH 5 MMEN
K ¥ 5g A F vascular endothelial growth factor
(VEGF) % intercellular adhesion molecule ICAM)-
1L OBEDIRZ DL, ThTTICHE SN
5% LRI L 72w,

IR O W ENEH T T4 bF T EVHIAE
# (REIND L OHBEEROEREZETS) IHEM
L7zt % & %9 (Fig. 1). EEA o N R i & DU
B LR L T2omE EEERIRO TENT,
72 Z OFmEEABD TRVWA®, BRYMI VE
M, BIMLE, RERHE, 2 EiclE535
WREEASHEN S h, FHB T T T AR TH
nC&/.
ZDOETIZWEET-1,ET2,ET3 & W) 3EEHD
TAVNRTF FPEET 59, BN T
boldS ET-1MPEAINTWAE, T, Thbic

—E71—



72

Fig. 1 Structure of endothelin
Endothelin is composed of 21 amino acids and has a structure similar to that of sarafotoxin,
a snake venom.

MY BRF/LE LT, ERENIHT 2B ®
KNP ET-1=ZET-2>ET-3TdH % ET. Ak & ET-
1=ET2=ET3T® % ET:ZBERVHEET 5°.
ET2 ZAMIEF I CMEFEH WEOEBMIMLE T
JE B Mif) 125046 U, ETs AT FEICME NI
HFLTWBEY, 2B, TLALOIEIZET-1ICER
EHTTREINTED, KRBT 5 ET 39X
TET12HVWThRENLODTH B0, KRk
TRILENDLET LIETRCET-1DZLERT T
Le¥ 5,

XC, BRERTY, ET OZAEICE, BRAE
DFIFHD R HEME 22 LICHFETH I ENH
AREFREN, M X BRI O MR TESR 1 B 5
LTW5 Z DR S FZEL AT ChHD)
5, b o LT TELBZEE, ET O FK
WEH 2 AV THERNE~O BB LM L2 DT
HHPP SFEERBEOET P TFHEANCKS
Eh, MRS E LR LT E O & 9 % HEEEE
RICEE L-E T2 s, 2o ORE O
B MM OB 2 SR & K < HEIETE
BPIZBWTIE, BIIRTELCOET »—B bz
# (nitric oxide : NO) & & S IZFOFEEFFICD -
EHBEELRENEZRILTCWBEIEIRBEIND K
AT 5 127,

2. VERREBEET Y K&V ORBRF

FEIRIRABILRE S B 1) 5 MBI T OTEREI B DZEALIC
OVWTIFHEEDEN R EDEE SN, BAED—E
DORMIIBONTWR, LA L, W8I
WA T 5L 3N?, ZOFERBREBOEININ
W& MEIRIE D AT, VbW 2 RIS ST

hEZOND., INICEELY - TRENLZRET
& LT VEGF ® ICAM-1 & v o 72 A B E KR F 5
HAHIZEDVBBENTVE, ThE TOREDPS,
SEFmE%ET 5352 MBI TN A,
Clermont 5%, BERBAPTIZ ET OBINT X 1
JEMFEAMET L, ZOREMIC X - T VEGF A°H
Y285 LY, ET ORERBEAH T ORI T
BAOBESEERB LTS, T/, Takagi b, £
DD %P TA ML T MY b v (streptozoto-
cin : STZ) 12X D FR S NIHERIFT v b OEET
oy ha—v & LT 33% MRAmA L, 20
WA ET ZBHENEOHFHREATHELLZ
EERMELZLY. X5, FHRKT v MIT1x107
M ®ET 2 FAEMNIEAT L LHERKET v b
BEOMRKLZE U2 ELRLT, HRRK
HERAE 12 BT ET 252 OMBE MK O A 1258 < B
ELTwaZ R RBELE. ZORBIRKEONZE
WCBWTHREBET, BRI I DD LR
PR, MR, 370528 ET SR AREIRICE -
TYFE L2 LG SN, HEIRIA A0 ] o HE L vk
DICH$ 5 ET OS2 XFHL T A, BRFO &
3 B MMEREEIC B VT ET ORBESTET D A A
= A LT F 2R S T W v protein kinase C
(PKC) DiEHALENT HBEBPETDO—DLEZD
nTws?,

B E T VB A58 L FARIC, BRRDIZEICE
WTCH ET HHERFABEE OHEATICBES 45 L D
ErHabNnb. 79, HREFT Tl Roldan-Pallares
52 & b BERERE R EHEREE (PDR) B L DIRILE
NI TRER O ET 252 v ba— il L TEH

—E72—



WML w2 G ShTwna?, —7, M
PO ET O EADHEEEDEATICHES 5 &4 58
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o TWRWOSHOMEAIPLETHS. LI L,
EHIIBRBTHHFERL DD, BEERTHEEE O
HIUCET 28 EH L TWAWEREEDY D 5 & DR
FRINTNE, FOWFE L 1X Letizia & ATHHBIE
iE, ETERTHEEYE, HAEMEET AT A BEOMP
ETREZMEL, ThZhoBEiiIe kil -
LZA, WHEAEBEE T oL b ER LTV E
ERLEZDDOT?, FERFOLBIEIRKENIOD
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5. INb%HHETEZNL, ET 135 RFEHEEE
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5L, BRRICHETEATREE & FHI 5 95 O TR
WHEELTWEDd Ltk

3. PEEOCEITICESETIEFEIFEY >
DR

1) Vascular endothelial growth factor (VEGF)
VEGF 3878, MBEEDHEITICD o & D HBEIK
EVEEZEZONTWHAABRERRTFTH LY. HE
FTICHERKET v MBI B RBITHOREDS
%, PDR BE DM FHRBFICBIT 2 BB TLEDOIHK
FPREREILDE LTEHEHOFEL RSN T
%. VEGF (3HERED D72 0 #1 5 o ME-COFIH
BEALTWBREEINTEBY, TOERKE LTI,
=M pE I X ) R S L7z advanced glycation end
product (AGE) ODERICI A1 DY, HEEDO IV
I—-AEMITL D PKC OEMWALENT D07 %
ENVEZLNRTWA., 0 VEGF &, EHMm%E o
%, ZRMILE, MEHA L Vo -HEE O BARR
BIZRDONLEREE CN—DDHFZTTHH
BTEX2L8NRTWEY, 2070, MBREDHEST
Wz BRI 200 AR -7y b &
M, T TITH VEGF ik AV -ERRISH 13 U
FoTW5h. BERWHNFE, PDR, MBIV ~NA —
VAB XM AERHAE L Vo - ZIHBICH
VEGF $tfA M FARES & LTS 3h, ZO#AT
HHIDRA STV 50,

TV R rEDOBR

VEGF & ET DEHN 7 B & & 72 eI B2
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OGBTTTIIRINTE Y, Salani 5 IiZIIHERE
BT BHFRICBWT, ET 25EH#E VEGF OFIIT
EOBERIZ R B EHFELTWAEY, FE D MM
ZBWT, ET ZFFRENELZEH L TET Q¥
2 X B EHEMN L VEGF ORIIHI 2 G L7299,
ZDORAHZ AL DOWTIIHE—D b DTId % Bk
HREBEDEZ HNDD, £O—2IZIX ET oHiflic
L HMERFCOMBOUZE LN T EDDONH 5L
ZZ2bh5b. VEGF OFEBILELZRTKRELERO
—DICHBR DK EZE N H 5%, HEHAGIIEE 2 0Mm
WRICE o TETDOBEZMIF L TV 55, WEIET
FET 24 LM A U, MR IR R
2372599 Zhdt, VEGF ORBITEZIEL Tw
5 LMW XA, Spinella 5 b, VEGF ORI ITLHEIL
KBREDE®DEIEE IR T TH % hypoxia inducible
factor (HIF)-loiZX > CHFESIhZEHEL T
%", [FAARICHEEIE IS BT A IREEEREORE T D,
HIF-lo OF%EIC X ) VEGF ORI RS 5 &
EZ oNBD, BIREWNT &1, VEGF H ET »#
D70 E— 5 —FIRIIHE L T HIF-1o O FFRECS
boTWw5" 5%, HIF-la OFHOTTESL &
2SR DRIRTE & v ) BBROELSAE L2 L &,
VEGF & ET 32 DOW# & bREBOTTEMES 1D
RREE % 5. M2, ET ZBMEEHIIC X 2 MR M ITE
DYFHIMEIAE LTV 2 HBOBBR R SEL,
4RI VEGF ORBIIHIC O 4235,

2) Intercellular adhesion molecule (ICAM)-1 8
& U retinal leukostasis

AT, E LR O #E B E N~ O (retinal
leukostasis) ASHEBYEDELICEE L Tnwb LT3
MENSHAOND LI Ik TELY?, Bl
LT, dbedpmkidmEREL D bKRE
W, IEETHHEICMENE & O interaction D34
LTwWa., BERKRICEDE, MENEEHIMEKEIC
BT AHEZFEEFLRTFOEIIZL - T, HILERD
MENE~NOHEEORED ZML T 5. Retinal
leukostasis %, HEEFEDOMHID 5 B TIEZAHH I
BIHD, ETTEEENPATHEH LD DOLERD,
BRMCMEREL X T3NS DF), Th
HIETE AR D RERTIC A L, MR I IR BT 28
HRULBERELBEEZEZLNTWA. T O leukosta-
SislZh o L HEEPIREVE STV A AEARER
KF25 ICAM-1 TdH D™ FERH T v ~ OMWETH
HHOTLHE L Tz & #idE S N7z™. Leukostasis % 2¢
EFY DL IREOBMERDOLEICOLHY, K
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NDR: non-diabetic retinopathy

SDR: simple diabetic retinopathy

PPDR: preproliferative diabetic retinopathy
PDR: proliferative diabetic retinopathy

VEGF: vascular endothelial growth factor
ET: endothelin

ICAM-1: intercellular adhesion molecule-1
HIF-1a: hypoxia inducible factor-1a

Fig. 2 Schematic representation of a hypothetical process by which endothelin is related

to exacerbation of diabetic retinopathy

Endothelin expression is increased in the retina in the course of diabetes. The
overexpressed endothelin interacts with VEGF and ICAM-1, further promoting the
expressions of these factors. As a result, retinal capillaries become occluded and blood
flow is markedly reduced. This corresponds to the period of preproliferative diabetic
retinopathy, when hypoxia occurs in retinal tissues. HIF-lo, a transcription factor,
consequently induces a marked VEGF increase, thereby promoting retinal proliferation.

RIICRERE DY E IO RAB EEZ N, £D72
DOWBEED Y —4 v b & LTI D leukostasis X°
ICAM-1 2EH 2805 L9 2k o7z

I Fv) v ek

ET @ ICAM-1 & OF#E % A0 FEIX, ETIC LD
PR S N7z ORI D ICAM-1 OFHAS ET 2454k
BB L THHRI S N v ) |ER, al
dosterone N 512 & » THA L7z M %EBE D ICAM-1
DEMANFE U ET ZBEARREHLIE THIH S il
L ES MEOSBTEINTWS, FELITHEEICE
WTh ICAM-1 28 ET 2B AR Tl s h, &
512 % 178 retinal leukostasis D #EZ L) DT
HHTEEHRELY.

3) VEGF 8L WWICAM-1 & ET OMEEH

INETHRESINERELRL D &I, WEED
ETCHETIRENZABERERFTH S
VEGF 8 X ' ICAM-1 & ET ® B I22 W T
L7z, EZBRIZIEPORFHBHIC 2 b b Bl
BEEE 3R 5w, Ihd 3HRFIEESRLD
RELENTHS LEZGEORFAL LTUTD
CENEZOLNA. HRRRETIZ3IHT L b M
P X D BITHORBICH . Z OB, MM
¥ VEGF 2 X % endothelial cell hypertrophy™®’ %
ICAM-1 iZ X 5 leukostasis™® & Vv o 7z, ZNZFHLHL
MOERZZT THMEBADEAEL ) HIREICH 5.

ZZIWWET O TH A MEDIRE b 5 L, #
KEAMEBERIRRE L 72 5 & ) BB 2 MG AE T
5. ZORKRHFlo B EEILENT, E5%5
VEGF ® ET OFEBTES S 1263 hb. ERIZE
DRFAGEFNZ % % A3 &~ DRERIT D BEL %
LEBRDLNLY, LI 3RTIEEN
PORBILEIEE o7z & &, WRMTERD % 2
LTELRZIEPDORFORBITECAZTBRICH 5
LEZONS. ZO%RHMTET OFBITHEIZ MBI
Mol WIOERIC X b BIFER O trigger & 72 A W RN
BHHDL LR, ZOEHZ Fig 2 IIRT.
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