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A Role of Extracellular Superoxide Dismutase (EC-SOD) in Vitreous Bodies
from Proliferative Diabetic Retinopathy Patients

Yuichi CHIKARAISHI®®, Hiroshi IZUTA®, Tetsuo ADACHI®, Hideaki HARA®""

Abstract: Angiogenesis, in which new vessels are formed from existing vessels, is usually regulated strictly. However, once the
regulated mechanism is ruptured, dysregulated angiogenesis (pathological neovascularization) is generated. In diabetic retinopathy
(DR), retinal pathological neovascularization is leading causes of irreversible failing vision and blindness. Therefore, as part to
clarify the mechanism of pathogenesis in DR, we investigated the role of intravitreal EC-SOD in proliferative diabetic retinopathy
(PDR). The intravitreal concentrations of EC-SOD and vascular endothelial growth factor (VEGF), which is a major factor in
angiogenesis, were significantly higher in PDR patients than in macular hole patients, and showed a positive correlation with each
other (in the whole patients). Furthermore, to investigate possible roles of EC-SOD, we evaluated the angiostatic effect of EC-SOD
using an in vitro angiogenesis model. EC-SOD significantly suppressed VEGF-induced cell proliferation in human umbilical vein
endothelial cells (HUVECs) and human retinal microvascular endothelial cells, and in vitro tube formation in HUVECs. In
conclusion, EC-SOD was increased in the vitreous body from PDR patients and had the angiostatic effects in vitro. Therefore, these
results suggest that EC-SOD may play a pivotal role in the pathogenesis of angiogenesis.
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Fig. 1 The process of angiogenesis.
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Angiogenesis, in which new vessels are formed from existing vessels, includes multiple steps: (A) detachment of pre-existing
pericytes for vascular destabilization, (B) degradation of the extracellular matrix (ECM), (C) migration and proliferation of
endothelial cells, (D) formation of capillary-like networks by endothelial cells, and (E) reattachment of pericytes for vascular

stabilization.

Stages diabetic retinopathy

Fundus images

Clinical conditions WVascular permeability

Simple Pre-proliferative
diabetic retinopathy

+Vascular occlusion
+ Retinal ischemia

Proliferative diabetic retinopathy

+ Meovascularization

Neovascularization N .
= Vitreous traction

+Microaneurysm
+Retinal hemorrhage
+Hard exudate
+Retinal edema

Fundus findings +IRMA

+ Soft exudate

+%Wenous abnormality

+Vitreous hemarrhage

+ Preretinal hemorrhage
+ Proliferative membrane
+ Tractional RD

+ Neovascularization
on the optic disc
+ Retinal neavascularization

Fig. 2 Clinical conditions and fundus findings in the stages of diabetic retinopathy.
IRMA: intraretinal microvascular abnormalities, RD: retinal detachment. These figures were modifed from Handbook of
Prevention and Therapy for Diabetic Retinopathy (Nankodo Co., Ltd., 2007).



I 5 FEFLA 247 22 \ol. 60, 33-42 (2011) 35

Bl PR 9P ME EE 0 - TP R M OO i A8 i M TTAE | i A
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Fig. 3 The process of vision loss caused by retinal
neovascularization.

(A) Normal eye. (B) New abnormal vessels
(neovascularization), which are growing from the retina or
optic disc and extending along the inner surface of the retina or
disc or into the vitreous cavity. (C) Proliferation of fibrous
tissue (yellow) accompanying neovascularization. (D)
Preretinal hemorrhage, vitreous hemorrhage, and retinal
detachment that are caused by contraction of the posterior
vitreous surface.

A RIFT (Fig. 3). L7223- T, WMy 72 45 37
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R TH D,
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SOMTER TR E L TR Y EN DO T HRRICIME N KL
HHMEEEFIR T (vascular endothelial growth factor: VEGF) 1%
EE /2B %1 > TV 5, VEGF 1358 7) 70 I & 87 AE (R A
T TH Y AU EN A R OIEEA I LA O F i & TUAE
THEREZA LTS ™Y, VEGF 3@ bRz IC & -
TFHE S, ABA Ze i 80T 2R ds & OV RS 72 1 388 AR o0 Tl
FICBWTHEEREEIZH > TG 210, BEFRE RIS
FRRE A 70> B EREX L 72 B /K36 & OB 71 Tk VEGF &
DEWRHMPRD SN THY P VEGF 2L &
% MAE BT AERER i, A PN B 2 P L, AR
NA~DOIFH 72 M E T AEORAE ERIZKESEEGT DL X
nTnzg M,

bR N LR IXE L E O RTTHE & FLER LA o 2
T LOTHEC LV EERPEBGICBNTOREEE BRI T
W5 D, BERFIREETIZ, BREA b LR L ELBEEIC
TRVFHBIBIRMFET 2 2 &0 6 I 5 RS
THESNDMREA b L AT IR E R R E 248
STNDHEEZBNTWS 19, Fiz, LA LR in
vitro (23T VEGF PEAETLERRZH T 5 Z &2 b, FEIR
B TPIZ/ET D VEGF I LTV o EEX bR
Tng MY, 5z, A b L AT BRI 35
W E BT AN E I BES 5 VEGF ¥ 7 /VRiED EHE
RTFWHAT 42— F—ThDHILbMESNTND D0,

IEVERSFAE (reactive oxygen species: ROS (LA —/8—7
* K (superoxide: O,) . ME2{k/Kk3#E (hydrogen peroxide:
H,0,) . & Fa X7 U7V (hydroxyl radical: -OH) 72 £,
MRS LV RSO S WA FRICEL LI b DT I b=
YR T OEFCERMGFERSOY I n T 7 =V REDR
HMIfLCHEBLL T 5D NADPH 4 ¥ & —EIC Lo THAE
T5, EEIREBICENT, ROS IEkEx 22y 7 fmiEfk
B2 A LIRS BR IS R Al R 7223, 03172 ROS (35 fa
EEFIEE T, 207, BN TIIIELESE O
EWEIZ L > TROS ZHEL, —ED LI ROHR
(BB S 2T B 0Mi i - TV D, FLlERIbEE R 2 & D Bt D
FlbERoTVNDDONA— I —FF L RO ALY —F

(superoxide dismutase: SOD), Z /L& FH L~ AF v F
—E (glutathione peroxidase: GPx), 7% 77—t (catalase:
CAT) TH V., SOD 7% 0, % H,0, IZEH L, GPx X° CAT
M H,0, #HEL TS (Fig. 4),

SOD (. MW¥L¥E CIL copper- and zinc-containing SOD

(CuZn-SOD) . manganese SOD (Mn-SOD) ¥ X O
extracellular SOD (EC-SOD @ 3 DD 7T A V¥ A LBFLE
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| NADPH oxidase

[ Mitochondrial electron transport chain ]

Superoxide dismutase (SOD)

(Glutathione peroxidase (GPx))
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H,0 & x> H,0
R: glutath Onidized gl
(GSH) (3SSG)

= T f )
P 4
Glutathione reductase

Fig. 4 Major pathways of reactive oxygen species (ROS)
generation and metabolism.

Superoxide (O,") can be generated by a variety of

endogenous enzymes, such as the xanthine oxidase and

NADPH oxidase, or from the mitochondrial electron

transport chain. Superoxide dismutase (SOD) then converts

the superoxide to hydrogen peroxide (H,O,). This is

catalyzed to innocuous H,O by glutathione peroxidase (GPx)

and catalase (CAT).

9%, CuZn-SOD [ THIAEE, Mn-SOD 1L k= KU TR
K OHIRENIC RTET 2 D%t L, BEC-SOD 13Ky 3 ~/%
U Ui a7 427U B o kA Ul N i 2 <
MmED ECM &fEE L, MilashfiiE s 2, 207,
EC-SOD (I fth> SOD |Z bt~ 72 REEZ /R L TV 5,
Falt, BERIFEBE O - HISEEIRIZIS VT EC-SOD 1%
PEDOIR TG Sz 2, LU, BAFHE R 5 i e
HOWFENIZEIT % EC-SOD DT & Z DOREEIZ S
TIEHALICES TR,

T ZTAKRELTIL, AR R REAE B 2 DR L
TR TFAF L OIS T EC-SOD #EDZE{bE ., <& L
TRE L7 BB FLESE & ik Uiz, F 72, BERIFHIEE
DOIFRIEMERIZEA G LT\ 5 VEGF BEIZSOVWT LT
it L7z, & 51T, fi§F1K EC-SOD O {ETIKLF: % fif i
T2 —ERE LT, MENEMIROE R AHE - HIHEE - 5
FEREAFEME L L7= in vitro & HAETT LV EHWT,
EC-SOD DHl & A1EH & Wit L7,

2. EC-SOD;REH &K U VEGF BEDEE & DM

2. 1. BHEEE

BEE A Table 1 1Z3 3, #RBRFE 1 LI HENE PRI HENSIE
BE 124 (BEsSA, k74 BXOEMEHLEE 14
& (BME14, &t 134), #HEEM AL O otk 5
BEM TR EOEFNC L 0 RO NE T REIE %
TR IRIERSEN - FETEMERE TH D, THEEM AL
BEDOER SN DM RII HENICEL LN TES
IEF RO EORERICR L L TWD 2 &b xR

& UCERIE L 7z, HEAFHE PR yp HEIEAE FR 5 6 K OVERBE M LA
FEOERITFNFI 529 £ 10.6 I LV63.5 £ 10.6 T
ot BARLEERTREIEE B OFT R, FHBEEENE 4 61,
fH- A 7 51, BEFEIE AL O B, 22515 7 1, 51
FEEIEE S Bl Cd v . EEEMILEF OFT R, HEEMILE 2
M OMEMAL [(MEEEERRE (RisE) LR bR
i & 2o 7K HE] ORIBENHBIZ LV R E R 221
HF B DM 25 LT 20K08) 6 41, SHBEFTFLEE 3 #) (]
HLAMEK U AMEHFLORTEE) T X 7= FposilizhfE LT3k
LD BT T EREERME LT BIREE) 8#ITH
ST, Fi, BEFREREIRIFE T BE O O B TR RIRTO
PRI, A > 2D P 6 i, R FAIE S 6 il TH

-7z,

2. 2. BFRBLUVMBEYTIYLYT

BT RS PR T BB B X OV EHBE M LR o 71K
T OUEHY 7Y o E SV R ES RS L, KK
ERRZORREEZ B LRI 25T 12, BEICARR
BROBWZRAL, AE (71— Rartrh) &
P72 RBREER R I BE CHARNE FRIFHENEE 36 L OFEBE M
LOVEFEDT=D, 26 4 28 R (HEFANERPHEE L 14
. SEEE M FLEE 14 1R) (ZhY TR EIBRTT 2 i 1T L . Balanced
Salt Solution (Z J 2 IRNFEVERTIZIE KA » Z — TR
YR L7z, BELL TRy vk, BiEE
-80°C TIRTE L7z, F7o. fHFIRUIBRATEEIC 18 4 (HFH
BEPR I REIEE B 0 44, SHEEFI AL 9 44) 7 S ifuiEd o
TNERBL, -80°C THRIAF LT,

Table 1 Data for patients with macular hole or proliferative
diabetic retinopathy.

Macular hole
(14 patients)

Age (Years) 635 * 108

Mo. of women 13 7

Proliferative diabetic retinopathy
(12 patients)

528 + 106

Characteristics

Duration {Years) 72186

Clinical findings

Macular edema
+Proliferative membrane
+Traction membrane

Alone

‘fitreous hemorrhage
+Traction membrane

Proliferative membrane

+Traction retinal detachment

W ;@G R = =

Alone
Pretreatments
Insulin - ]
Hypoglycemic drug - &
Macular hole Stage 2 B
Macular hole Stage 3 8

Complications of each patient are shown in “Clinical findings”,
and “Pretreatments” indicates therapies until vitreous surgeries.
“Age” and “Duration” data are mean = SD. The result was
cited from ref 22.
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2. 3. WFHHLUMmFP EC-SOD BRE L VEGF BED
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HETHORE R A IFUE R B X OB M LR O 11Kk
F OiEH EC-SOD JREDRIE L, Adachi & D FIEIZHE
UCELISA ¥ CHIELZ *, & hEC-SOD £/ 7 1 —F
NHUR (FEIREE 50 mg/L) % 96 X7 L— b DA UCIEE
%, e W RY o LV E g Y SR EIn L
THE L, Z0%, TAH Y 74+ A7 7 X —EHE#HE b
EC-SOD &/ 7 o —F AHiRE K RIZIRIN L, BEEK
[#&J2E 0.5 mM MgCl,, 0.02% sodium azide 33 £ T 2.7 mM
p-nitrophenyl phosphate & HHEEE Y =4 / —/L T I AR

(0.1 M, pH9.8) THhXH7-, BEOMEITNEKE 415
nm OWIEE & HIE L, EC-SOD BEARH L, W1k
"1 EC-SOD R I1x, B LAE (mean £ SD, 29.3 + 6.6
LA~ IETENE PR Jp A MSE £2 2 (58.0 +£23.8 ng/ml) T
FE (P<001) 7eEEER L~ (Fig 5), —J5, MiEH
EC-SOD i £ 1%, HFRHE PRIFRENE £ & HEE M LA T
WIEWTRD Do 7z (BEFENE R RHEE B 85.3
+ 18.4 ng/mL, FHEFM LA 850 £ 123 ng/mL) (P =
0.96),

ng/ml) |Z

140 1

ek A

120 r

|

100

£
&
*
80 r A
A

> » +b-b

60 |

EC-SOD (ng/ml)

MH PDR MH PDR

Vitreous body Serum

Fig. 5 EC-SOD levels in vitreous body and serum samples
from macular hole (MH) and proliferative diabetic retinopathy
(PDR) patients.

**: P <0.01 (Kruskal-Walis test). The result was cited from ref
22.

BB RPN R A S X ONE B [ FLEBE O RS 1R
L OMiEH VEGF %1% Endogen™ Human VEGF ELISA
Kit (Pierce Biotechnology % HWCHIE L7z, T EE
IXIfiE Y > 7 v % ELISA 7' L — kORISR L CHE
%, 4T ALIE#STE b VEGF HilkZiimL7z, o
k. A kL7 T B Y -horseradish peroxidase (HRP) &

RAE WML, 3,3',5,5'-tetra-methyl-benzidine FE VAR TR
Sz, FEMEITHERE 450 nm 2R K 550 nm)
DWW 2 IE U VEGF I &2 B H U7z, il VEGF
PR, EBEMFLESE (mean £ SD, 17.7 £ 15.5 pg/mL) 12
FE SR RIF REIOE FB A (798.2 + 882.7 pg/ml) THE
(P<0.01) 7e@ifiz L7z (Fig. 6), —/, MIE" VEGF
TR FE VL S FEE PR P HENRE ;B & SRR FLEBE TNTE T
R B0 (HEFERERHEEE B 177.9 + 155.5
pg/mL, FEBEMALEE: 151.3+96.8 pg/mL) (P =0.83),

4000
*%*
3500 _|
3000 .
= 2500
E
g
< 2000 °
1) o
Y 1500 °
1000 °
500 ° A
o e b A
MH PDR MH PDR

Vitreous body Serum

Fig. 6 VEGEF levels in vitreous body and serum samples from
macular hole (MH) and proliferative diabetic retinopathy
(PDR) patients.

**: P <0.01 (Kruskal-Walis test). The result was cited from ref
22.

2. 4. WFHHLUMmFF EC-SOD BRE L VEGF BE®D
izl

PEAERE PR M EE R S KX OVRBE M FLIRE O 71k ks
KO EC-SOD ¥R EE & VEGF JiEE DO FHBIRIFRIC DU
THET L7z (Spearman rank-correlation test) , =RAHE (2B
T, F§T-fAH EC-SOD #EHEIE VEGF JiJE & 38\ IEDFA R
4 (rs [Spearman’s tho correlation coefficient] = 0.61, P <
0.001) 23@B® b7z (Fig. 7A), —J7. ILiEH EC-SOD Ji#
JEF LY VEGF I EERIC B B 22 M BEMEIEER D H 2
-7z (rs=-0.03,P=0.46) (Fig. 7B),

3. invitroMEHEETILERA I -1RE
3. 1. VEGF 5% HUVEC BRER R I- 39 % EC-SOD (D4

HETECHE PR 973 M IBAE FR S D1/ C EC-SOD JREES |-
L2 LICERT 2 EC-SOD D&FE| 2 Hd 5 B &
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Fig. 7 Correlations between EC-SOD and VEGF levels (for
vitreous body and serum).

(A) Intravitreous EC-SOD showed a significant correlation
with intravitreous VEGF. The correlation coefficient was 0.61,
and the P value was P < 0.001. (B) In the serum, there was no
significant correlation between EC-SOD and VEGF.

MH: Macular hole, PDR: Proliferative diabetic retinopathy

The results were cited from ref 22.

L T, EC-SOD DHMEFHEMEA & mEHEx > b (B
Wikt iatt) A W TEME L7z, A% > ME. b M
WKL AE N B2 4 (human umbilical vein endothelial cell:
HUVEC) & IEH b b EERRHEEE MG PR BREE T T3k
B XN TEHY . HUVEC IZ X » T S 5 #o I i &k
BWAEIEI IR — BT E R T2 AN TRD b
DB R S HERLL TV A 2729 512, KiEH
AR R 1L, HUVEC 12 L 280 NS BRE RS O R
HEDO-D MEFEICEN TR OEERERTO—2THD
VEGF RV S TWA (invitro L& #4451 Tid,
VEGF 7 7 2 U —O W, MEFAEIZI D THILAIE S % 1
9 VEGF-A i), L7z - T, sfEb e oPuE &
HEERERZT D ECHE LTS L TH D, EC-SOD (#&
IR 100 ng/ml) (% VEGF-A (f&IRE 10 ng/ml) S ARG 12
WINL7=, B3 1, 4, 7B X9 HHICKEHAHBREZIT,
K% 11 B BICHIEZ[EE L7z, HUVEC i~ v AHitE k

CD31 $ifA % N4, 5-bromo-4-chloro-3-indolyl
phosphate/nitro blue tetrazolium (BCIP/NBT) % 327 /v
HYVRAT 7 2 —E L TYE LTz, etk KR H2Y
MAEZITRATS S WTET ¥4 )V 7 A F (COOLPIX 4500)
TR L7=, HUVEC IZ X o TR S 3070 i A R e
EOEIL, MEFEEEY 7 MU =7 ver. 2 (Kurabo)
THEATL, KV 7 b =7 CHEHEEND joint (EIER >
FU— 7 ZIERT D0 R E) 5 L O path (FRER y R
— 7 BB T D) 1T oW T ERRNCEEE L 7=,
VEGF-A Iz kv, 2> s e—/v (VEGF-A FEIRAN) 12
L[ HUVEC 1T & = T S AL 5 5 i A Rk et 1 o
HMAERD B, Z OFEAIX EC-SOD I X 0 B 55
Wb L7z (Fig. 8A) . /i BARE WErEE O RE 2 M %
FAEERY 7 b7 TERMIICTHM LIz L Z A,
VEGF-A iININZ £V, WFHIFSEE (oint 35 K U path) 1%
ay br—Zlk, 2fEU EoFE (P<0.01) 7o

NRAEFRD H 7=, EC-SOD i VEGF-A 12 X 2 i s Feis
WP L7z (Fig. 8B, 8C),

o¥EmE=HE  (P<0.05)

Control EC-S0D
VEGF-A
B Joint c Path
50 30
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2530 £ ©
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Fig. 8 Effects of EC-SOD on in vitro tube formation in
HUVECs.

(A) In vitro tube formation was achieved using an in vitro
angiogenesis kit. HUVECs were stained with anti-CD31
antibody, an endothelial-cell marker. Scale bar represents 0.5
mm. Tube formation was evaluated by measurements of (B)
joint and (C) path. Data represent means + SEM; n = 8 per
group. ##: P < 0.01 vs. Control (Tukey test). *: P < 0.05 vs.
VEGF-A alone (Tukey test). The results were cited from ref 22.

3. 2. HUVEC & & U HRMEC o) VEGF SRt fEs L U
#RREEEE 1= %t 9 % EC-SOD D 1EM

VEGF #% % HUVEC & W2 52 %t 9~ 5 EC-SOD Ot i &
BAEERZ X0 EEMICHRETT 2729, HUVEC 3L 0k k
MR M M & N B2 Al (human retinal microvascular
endothelial cell: HRMEC) O #lEHEFEAE R L OSHIAaSEE fE
\Z%F9 % EC-SOD OEH % 7F-l L 7=,
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AHFRIETERE (%9~ 5 M TiX, HUVEC F 721X HRMEC
96 K7 L— MIFERE (2x10° cells/well) L. 24 BpfkE
# LTz, £D%. 2%FBS GAEEHZ IV T 6 BFf#], Mk
%25 (serum starvation) %1772, EC-SOD (RIEEE 100
ng/mL) (X VEGF-A (R 10 ng/mL A O HIZEM
L., 72 el L7z, EflaZoWEix, 77V I v
L WST-8 #3aH & 75 Cell counting kit-8 (CCK-8;
MEASHFE AT 2 AW TiTo 72, CCK-8 %Ik
ML T3 HE#A v 2 _— b &, JIERE 450 nm (SR
B 660 nm) DYWL 4 HIE L7z, VEGF-A #INZ L Y
HUVEC £ X O'HRMEC (X2 > b a—/U e, ZhEh
L6 B IV 24 F0HFE (P <0.01 ZHIEEFHILEE DGR
W7z (Fig. 9A, 9B), VEGF-A & 32 EC-SOD % ¥R
952 LIk Y HUVEC B X OHRMEC @ VEGF #%#l
JargiE 2 A E (ZNZEIP <0.01 BELTUP <0.05 (2]
L7= (Fig. 9A, 9B), EC-SOD O Hiyshiz=> hr—u
LA B REITERD bR oz,

HRREAbE A BE (2 2 REM C X, HUVEC % 7213 HRMEC
12 R L— MIEERE (4x10° cells/well) L. 48 BrfkF
F LTz, ZO%. 1% FBS &AM A MV T 24 i, M
1EBRZE%1T 572, EC-SOD (¥ 100 ng/mL) X VEGF-A

(FIREE 10 ng/ml) FAEEDETHUZAM L, 24 Refiisas L
7o HUMRMEAEREIL, 10~200 ul AF v 7% AVTHK 1 mm
DIEIZ HUVEC 3 X O HRMEC % #f L | & OfEIs NIk
Ji& U 7o AR g 2 B AT L 72 (R EE 7R Al CCD [charge coupled
device] 7 A Z [DP30BW, OLYMPUS] % W\ THK N dH7=
D 4 7 IOV TCRNE %2 #55) . VEGF-A Iz XY
HUVEC B L O'HRMEC (X2 > b a—/U X, ZhEh
24 BBV L6 FEOHFE (P<0.01) 7ozl
88 BILTZ 2 EC-SOD FRINC & 2 Ml iz &4l /E F 1358
bRt (Fig 9C-E),

4. £

HEFEPE R IOE B S L OB M AL BRI L
7R3 X OMiEF EC-SOD 35 X O VEGF i % HIE
U7z, HEGEEIRFAEICE B3 ORE 7+ EC-SOD B X
VEGF {RE 1%, SHEMLEFICEEmEE T L, 28FI
BV THE IRV IEOFBIBIR RO b v, —7 . i
¥ EC-SOD 5 U8 VEGF JREE L. HEFENE /R I i e £R
FB X OB LEE M CEVITES b o o, JiE
BE IR I M REE A O RN THEAN L 72 BEC-SOD D& #|
EHONCTH—ERE LT, MEHEIZER L, MENK
*flﬂﬂ’ﬂ@ﬁﬂ S AKAE © HEAEAE - EEREAFEIE L L7z in vitro

BH AT T V& VT EC-SOD DOEH % 314l L 72,
EC-SOD & VEGF # % HUVEC &2k, HUVEC 3 L Y
HRMEC ¢ VEGF gEFsMiimzaicxt L CmilfER 2R L
77
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Fig. 9 Effects of EC-SOD on VEGF-induced cell

proliferation and migration in HUVECs and HRMECs.

In the proliferation assay, (A) HUVECs and (B) HRMECs
were incubated with VEGF-A with or without EC-SOD. Data
represent means £ SEM. The numbers of each group were
Control (n = 12), EC-SOD alone (n = 12), VEGF-A alone (n =
18), and VEGF-A plus EC-SOD (n = 18). ##: P < 0.01 vs.
Control (Tukey test). *, **: P < 0.05, P < 0.01 vs. VEGF-A
alone (Tukey test). (C, D) HUVECs and (E) HRMECs
migration were assessed using a wound-healing assay. Scale
bar represents 250 um. Horizontal lines indicate wound-edges.
Data represent means £ SEM (n = 4). ##: P < 0.01 vs. Control
(Tukey test). The results were cited from ref 22.

ARRFHZBWT, i1+ EC-SOD % X UY VEGF &
VL PRI LA LT e~ SRR R P HEBUE SR C R A R
L (Figs. 5, 6), £EBFIZBWT, MEFHEIZRVIEDFE
BAMEDSRE® Bz (Fig. 7). LA L. HEFEIE IR I M E
FHNTIE, ZASMKEFEICHBITEITRD biginoiz,
TG OREFT BERERE R NN B O R - R N TN
L7z EC-SOD X O VEGF N2z L CHIE s
TNWAHZEERELTWD, T TIEE EC-SOD 13
FEIE PRI R EIE B O F AN T L7 DA 5 02
EC-SOD DFEBLITRFFEA 22 Mfat L OSEREICIR/ ST
BY &ML DI, B KON IV CREIFEELD
ROLNTND 27, BRI IR HERE R E O RS TN IS
R ZRFEILE SR SN TR Y BRMLEE TN
EC-SOD N L VBT 2R ICH D Z LN THEIND, F
7o AF A= RO —>THEHREL AT A 0%, I
ENRHIICHE A L7z EC-SOD D~/R U U AEAHE & ]
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I FE R R MEEE R T oM R FMEARA - RN—F X R R LZ—FDHE

THMENHY P, WIS B O AN T
BILTWD P, S512, FERFEE T, mIpEc i
R4 % R AR LS T L TR Y . Bt CuZn-SOD 1%
BESRIEME 2 BLE S 528 30, L EC-SOD (3E#iE %
MEFF L7 E ETh 5 3V, EC-SOD ~Dffifkid~ Y fES
AL THD Y VUERIEIZAET 5729, ¥ EC-SOD
TS CEFEAME T L TR Y Y, BEREERE TIEA
Sk, & PN R R R BE 0> ECM 12404 L Cu % EC-SOD @
JENEL L T D AHREMERH D, Lo Z E2vn | HGE
Bl PR HEIESE B O RN CIE i LBl X 5 VEGF @
HMABFRD S, Z DR AL AL AL LTOMEIBHRED
728, EC-SOD 23/ L7z AlREMER B 2 Hiv b,

HERRIZ F3 1 2 9 10 72 1L 55 397 A LB TR IR T MR D (R
BT CHY | ZOREBIZKICIHB W T, MiEF VEGF
TR OBNFITRRD DV, TR VEGF R & 1T
ROVIEOABEMEZ RT Z M S Tng D120 Kk
FHZRWTH ., BEF O & [FERIC, SO R IR A I A
FHOMRT VEGF L, MIRE LCRE LI HEN
FLBE TG A R U T, FEREIRIP B [ He A~ IS REhE R
PP HERRAE BB DY Tt VEGF J2EE2NK 100 f5 EH- LT
WD EITRET D A I =X AOFERI RN, ﬁ‘ﬁ%ﬁi
EP VEGF 0D &5 1350 PR IR R IUE 8.8 O Rtk

BiFaERK-0—2Ths EEb5s,

W PR ISAE O JF R R 12 B 2 EHRF D — 2> Th

% VEGF ORHIZIIEMEA b L ZADOBEEAHME ST
o E7o. BT REREIE BE O RN TR, B
E\LEMISOD?EJ‘“"C&)é-?D YIUTIT B REGE R X

W4t FrFy ) 2 F— L BEOEMBRHRESNTEY ¥,

Y REAE PR B IEAE |2 5 ) T RRALA & MRk A b LR & D
IR BRI STV D LA B L ATk~
72U Ry 7 AEFE (B2 SOD, CAT, /' V& F 4> S
- NIRRT 2T—8) BLOMEE BxiXes
RVE, A P A L Q) IZXkoTHIEHEN TS Z &
BHHNTND, KRFHIZBWT, L Ny 7 AFEHEDO—D
T2 EC-SOD &, BEBEM FLAE 1T L~ PETEHE JR PN
ﬁ$%@ﬁé%ﬂ<mﬂﬁ 2 (EDHIINTRD STz, Z Ok H
DB B FEE IR 97 N RE B O RN CHEN L 72
EC-SOD A3 5 #&#/ & LT, (1) EC-SOD 3¢k A ~ L A
EPUBLTEEM DR T o AMERFICT S LT 2 mTEEMED
H5, £/=, (2) EC-SOD (Z M EHAEMHEHE & L TIEM
LCWBa[BEMED & %, Wheeler 513 EC-SOD % il 5
IW 72~ U AT B16-F1 MEEHIAL 2 Al U 72 B%, B16-F1 fift
AL O BT S K OME B M B 0 AL S S ie Z & B
BLTWD W, 22T, R BIEE B O T
PCHEIN L 7= EC-SOD DO HLMLE Hr E/ER ISV T in vitro
M HiEE T N % AV CREl L 72, EC-SOD 1% VEGF #7%%
HUVEC &M’ L Y VEGF #% % HUVEC B L O
HRMEC ##58(Zxt L CHHifER 2~ L7z (Figs. 8, 9).

EC-SOD o Ifi. A5 N B AUIa HEAE NI/ 1%, HUVEC 7213 T
72 < b MHEREER M A N MR T 5 HRMEC (28T
b b7 (Fig. 9), VEGF #FFMEHT A I121E ROS A3
HLTEY EEx 2P bHNC L D HuE s AR S s
ENTVD Y, BLEX Y, EC-SOD [ZMEHED T 7 F L
IRIERICES- LT\ 5 ROS DA EIIHIT 5 Z iz &
D, ZOERZRBEL TWDA[EEENRH 2 23, %%MC% )
= ANIARHTH D, LA, in vitro (2B DHEHT
W, t%ﬁﬁ%ﬁﬁ%ﬁﬂ%ﬁ%\%‘mﬁ%ﬁw EC-SOD /% (n’@
20~100 ng/mL) & IFIEFRIFEE TH % 100 ng/ml EC-SOD (Z
PEF AEERANRO N2 L5 (Figs. 8, 9), EEE
DIFREICIH VT H EC-SOD [ fti & A EA 27~ 3 "l hE
PERRIE S LT,

— {22 FE (nitric oxide: NO) 13145 PN EZ Al oD M s
EEET D Z LRI TV D, NO 1T 0, & IFIEEK
HE TG L, T OERERZHEET 5720 9, 02-“‘(‘ﬁf
EMHAVEH 2 A9 % EC-SOD % NO DA FE MR
Th 5, EC-SOD 1% VEGF #% HUVEC & ﬁ/ﬁkibcl:()\
VEGF # % HUVEC 3 X O HRMEC #5256 L CHHIVE M
Z 7R L7273, VEGF #%% HUVEC 5 & (N HRMEC i 2 (2 &
WIERD 5N e o7z (Figs. 7, 8), BIRERIZEBWT
EC-SOD 7% HUVEC # L O HRMEC O#fgfEEIc 2% &
E S 2o THH T AN, £ OERO—ERIZ NO 04
PEMEREDEENRE 2 BiILD,

ER{ B AY VEGE 18156 B & 58 R P HEERE ] o fh A
el LTI EENI 2L SN TEHB Y, ROS LL
EAR N S 2 SR D PRI NE O IR IS A CTh 5 Al
RN H D, Bl K575 SOD X°h ¥ 7 —EHWE
1% 07X Hy0, DB T A b3 2 DIZIEF IR TH 5
L SOD BEME TH DT AR —/L (tempol) 13HER
W7 v hTAEL A MENEMIOMERELSET S Z
&3 UC SIS EEE L S REHESE T B B FPLS 136
PRIF~ 7 A D REIRINAE ~ 0 [ i EREES 5 L OU B EER
éé@ﬁﬁ% W2k L CRENR AT D2 ERHEIh TN

I IRMAR I ERRIVR N IBE SN T2 0, oAk
ut«%’&@ ROS [ZIE SN TR Y, WP LIEEZH
T 5 HP I IHE R IFRERE OVRIRICEZI CTH D d Lk
W,

ARRFHT IR NT, BEFHENE IR I 8 IR 838 O R - (R
EC-SOD 35 & U VEGF J# 1 % JIITE L 72 A3 S 5HE PRI A s
JEBE OPIIIM TAREmEZE S BELEEN TV, %
T BB R IR R O R R L o0 A I K Bl
N0 A e Lz, LaL, WFE$ EC-SOD ¥ &
U VEGF BB, R oA s ié@b‘i 0}
HIVT (F—2HKER) . MR R LS
IR ooz,
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5. 5

PEFRRE R T BT O TR EC-SOD RE R LT
VEGF JEEI1T, %R & Ul 7= 85 BE ) FLERE IS EL i
%R L R FIE RS IR WO TV IEOFHBIRR SR
OBz, Fi2. in vitro MEBAET L EHOTEREHS
BT, EC-SOD i VEGF #% HUVEC I L
VEGF #% % HUVEC 35 L O HRMEC #4586 % #1/) L | i
BFAEEREZR LT, YLEX D | iR b > 27 LD —bi
Z ) PiiE{LEESE EC-SOD 13X, MIIZF 1T 2 e
Bk % BHHE & D BEFEME SR PIAAIRAE |2 35 THUL A 72
BEEN 240 S FTREME DS R S AL, BE PR IPTAEIETE DI HE - 7
RIS A DI AR EED Z LN TE T,

6. M

AfRa A DITHIZD | AR L, #AAHTEE &
THHERE 2 15 D F U7 I BARR RS A (R B REARATT 2 KR AR
HONFEHT AT IR MRS IRTE HOESE BN NSRBI 5
] —PEAEICTRBB L 9. 70, AMROZITICH T
0 EBRA B OESEME L HBE 2B Y F LI RRIERIRSE
IRBFEHE L MW 2SN OISR 4210 2
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