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Anti-angiogenic Effect of Kallidinogenase

Shinsuke NAKAMURA, Kazuhiro TSURUMA, Masamitsu SHIMAZAWA, Hideaki HARA*

Abstract: Irreversible vision loss and blindness due to abnormal retinal neovascularization has been increasing. An abnormal
proliferation of new blood vessels in the retina is induced by a specific cytokine, vascular endothelial growth factor (VEGF). The
intravitreal injection of anti-VEGF therapeutic agents has been used in the treatment of ocular neovascular diseases. However,
repeated injections are associated with potential risks of vitreous hemorrhage, retinal detachment, and decrease in compliance.
Therefore, noninvasive delivery systems, such as peripheral administration, are required. Recently, it has been reported that
kallidinogenase improved choroidal and retinal circulation, and prevented the retinal vascular hyperpermeability by the peripheral
route. To identify the role of kallidinogenase in retinal neovascularization, we measured the concentrations in vitreous fluid from
patients with proliferative diabetic retinopathy, and investigated the anti-angiogenic effect by using in vitro and in vivo angiogenesis
models. Kallidinogenase in vitreous fluid was markedly elevated in proliferative diabetic retinopathy patients compared with that in
control patients with macular holes and epiretinal membranes. Kallidinogenase inhibited VEGFies-induced tube formation,
proliferation, and migration in an in vitro angiogenesis model via the cleavage of VEGFis. When administered subcutaneously,
kallidinogenase reduced the pathologic neovascularization in the murine oxygen-induced retinopathy model. These findings indicate
that kallidinogenase is partly involved in the pathogenesis of proliferative diabetic retinopathy and may be a promising therapeutic
agent that could cleave VEGFiss itself when administered by a peripheral route.
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Table 1. Data from patients with proliferative diabetic
retinopathy and other ocular diseases

N Epiretinal Pro»liferat»tive
Characteristic Macular hole diabetic
membrane )
retinopathy

(Number of patients) (40) (20) 37)
Age (years, mean + SEM) 66.2+1.0 67.3+20 56.1+19
Number of female patients 31 13 18
Macular edema - -

+ Proliferative membrane 17

+ Traction membrane 10

Alone 2
Vitreous hemorrhage - -

+PVD

+CME 15

+ Traction membrane

Alone -
Traction membrane - -

+CME 9

Alone -
Proliferative membrane - -

+ Tractional RD 15

Alone 2
Macular hole stage 1B 2 - -
Macular hole stage 2 10 - -
Macular hole stage 3 17 - -
Macular hole stage 4 10 - -
Lamellar macular hole 1 — —

Complications of each patient are shown in clinical findings.
PVD, posterior vitreous detachment; CME, cystoid macular
edema; RD, retinal detachment. The results were cited from ref
28 @),

TR Y 2 A —P R L VEGF BE O

BEWIAERRPICEETNDIAV Y ) P —YDRELY Y
T RAZ T 0y MEFHEIZ L O BIE Lz, SR EEEFIERT
WCORRLENZIH I ) 7 a0y (DY P 5 —1)
Fiikz —wBikicHO B MRS Y P A —B A R
L CEREITo T, IEEHIE I, Cs Analyzer software (Atto)
FHWTITW EBEL L THW= MRV U YV ) FF—F
OEHEMFICHEIL L TR L, 72 BEW A IREPIC
B+ 5 VEGF #E1%, AlphalLISA VEGF kit (PerkinElmer
Life and Analytical Sciences, MA, USA) % FVCHIE L7z,
VEGF JR 723 2.2 pg/mL L ISR R A B2 CLE S -
B, MEHEE 0 & LTERE L7z, PDR BEBIVED

Lt i & 22 0 52 BEOHMFRIRP ORI Y 2/ ) —E8
BLO VEGF OREZWE L1z, #TEFH YY) 7T
— PRIt ER (MH, 15,698.8 + 3,131.4 pg/mL, n =
40; ERM, 20,625.7 + 3,367.9 pg/mL, n = 20) (ZFt~T, PDR
B35 (mean £ SEM, 93,821.2 + 12 pg/mL, n=37) THER
EfE% Rk L7 (Fig. 3A), —J7. VEGF REEIZBWTH A
BRIZ. PDR BEICHB W CHAE 2 &fE %~ L72(PDR, 787.1
+208.4 pg/mL, n =37, versus MH, 4.7 + 1.1 pg/mL, n =40,
ERM, 0.1+0.1pg/mL, n=20) (Fig. 3B),

A

1200 —
100000 ##

*%

1000 —
80000
800 —

600 —

S D

o (=]

o o

(=] (=]

o o
VEGF (pg/ml)

400 —

Kallidinogenase (pg/ml)

20000 200

MH ERM PDR MH ERM PDR

Fig. 3 Kallidinogenase and VEGF in vitreous fluid in MH,
ERM, and PDR patients.

(A, B) Concentrations of both kallidinogenase and VEGF in
the vitreous body were higher in PDR patients than in those
with other diseases (MH and ERM). Data are shown as mean +
S.E.M. (MH, n =40; ERM, n = 20; PDR, n = 37). ** and ##, P
< 0.001 versus MH and ERM, respectively (Steel. Dwass’s
multiple-comparison test). MH; macular hole. ERM; epiretinal
membrane. PDR; proliferative diabetic retinopathy. The results
were cited from ref 28.

WM EETPICAFET AN Y Y K —EEB L VEGF
OFIEABMRIC OV TG Lz, 2BF IRV T, il TRk
B VY —BIREIX VEGF IRE L EDHE
(Spearman o = 0.494, P <0.0001) 23i8% b7 (Fig. 4),

400000 r O MH
A ® ERM
A
g A PDR
& 300000 f
Py A
‘é-’» 200000
S 150000 |
€ 100000
50000
L R L |
0 1000 2000 4000 8000
VEGF (pg/ml)
Fig. 4 The correlation between concentrations of

Kallidinogenase and VEGF in vitreous fluid in MH, ERM,
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and PDR patients.

Kallidinogenase showed a significant correlation with VEGF in
the vitreous fluid. Open circles (O), closed circles (@), and
open triangles (A) represent MH, ERM, and PDR patients,
respectively.  Spearman’s  product-moment  correlation
coefficient was used. MH, n = 40; ERM, n = 20; PDR, n = 37).
MH; macular hole. ERM; epiretinal membrane. PDR;
proliferative diabetic retinopathy. The results were cited from
ref 28.
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Fig. 5 Kallidinogenase inhibited VEGF;¢s-induced tube
formation in HUVEC co-cultured with fibroblast.

(A) HUVECs were co-cultured with human fibroblasts, were
incubated with VEGFs (10 ng/ml) (b to f), together with
tissue kallikrein (0.01, 0.1, 1,and 10 pg/ml) (c to f). Control is
shown in (a). Quantitative analysis of the stained tube-like
structures was performed (using an angiogenesis imaging
analyzer) in five different fields for each well, measurements
being made of tube area (B), length (C), joints (D), and paths
(E). Data are shown as mean + S.E.M. (n = 3). Scale bar = 500
pm. *, P < 0.05, **, P < 0.01 vs. Vehicle (Dunnett’s multiple
comparison test). ##, P < 0.01 versus Control (Student’s z-test).
Cont : Control. Veh : \ehicle. KAL; kallidinogenase. The
results were cited from ref 28.
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FZ #M W (human retinal microvascular endothelial cell:
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10 pg/ml

Fig. 6 Kallidinogenase inhibited proliferation of HUVECs
and HRMEC:s induced by VEGF.

HUVECs (A) and HRMECs (B) were supplemented with or
without VEGFies (10 ng/ml) plus various concentrations of
kallidinogenase, and proliferation rates were measured using
CCK-8 assay. Data are shown as mean + S.E.M. (n =5 or 6). *,
P < 0.05 versus Vehicle (Dunnett’s multiple comparison test).
##, P < 0.01 versus Control (Student’s ¢-test). Cont : Control.
Veh : Vehicle. KAL; kallidinogenase. The results were cited
from ref 28.

VEGFies (10 ng/mL) #ANZ L0, ZFEZ2MladEE 2378
BB (Fig. 7A, B), HUVEC 1%, *THRRE & s L TR 2.7
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Fig. 7 Effects of kallidinogenase on VEGF-induced
migration of HUVECs and HRMECs.

HUVECs (A, C) and HRMECs (B, D) migration was assessed
using a wound-healing assay. Images of a wounded monolayer
of HUVECs and HRMECs taken at times 0 and 24 h after
treatment with VEGF (10 ng/ml) and various concentration of
kallidinogenase. Wounded region is indicated by broken lines.
Scale bar represents 500 um (A, B). Migration was estimated
by measurement of cell numbers within the wounded region (C,
D). Data are shown as mean + S.E.M. (n =3 or 4). ##, P < 0.01
versus Control (Student’s #-test). *, P < 0.05, **, P < 0.01
versus Vehicle (Dunnett’s multiple comparison test). Cont :
Control. Veh : Vehicle. KAL; kallidinogenase. The results were
cited from ref 28.

VEGF s #% VEGFR-2 {GELIZKIT B Y ¥/ 7 —
B DIER : VEGF1es a5 75 MR EEFE I L ONEEICKHT 20 Y
T —BOERICET ST AN = A L ERET D
72912, VEGF receptor (VEGFR)-2 ® U LIz $ 5 1E
JH Z2#at L7z, HUVEC 1238V T VEGF16s (10 ng/mL) ¥
&> TV VR b &= p-VEGFR-2 DEIEN, B YY)
Z—¥ 1 ug/mL B L 10 pg/mL IZ &k > TERENK
20%33 X N 359 &7z (Fig. 8A)., [AEEIC HRMEC
IZEBW T VEGFs (10 ng/mL) HIMC k- TV v Efbsn

72 p-VEGFR-2 DE|G, H VU Y/ 7 —8 1 pgmL B &
V10 pg/mL I K o TENZIK 30%35 K UK 4590401 <
7= (Fig. 8B), HUVEC 3 L INHRMEC J:izh U >/ 47
—PEIRINE. VEGFR-2 @V izt LTH B
YEFNI R & 227 o 7= (Fig. 8A, B), £7-. VEGFR-2 D3,
W LT, B Y A —BIMER 2R & R o 72 (Fig.
8C),

VEGF, ¢ VEGF;s
KAL KAL
Cont Veh 1 10 10 pg/ml Cont Veh 1 10 10 pg/ml
p-VEGFR-2 -y o p-VEGFR-2 - . e
Total-VEGFR-2 . . g ey Torl-VEGFR-2 | kB B bt
B-actin — e—" G— —— in | — e e e o=
3 12 4
g
] 1 2
>
g7 o8 1
S 08
@ £ 06
g E< 06
28 04 28
z= 2= 04
z o ER
§ o g’ 0
Veh 1 10 pg/ml Veh 1 10 pg/ml
KAL KAL

Cont Veh 1 10 10 pgml

Fig. 8 Kallidinogenase inhibited phosphorylation of
VEGF receptor-2 induced by VEGF¢,s in HUVECs and
HRMEC:.

Effects of kallidinogenase (1-10 pg/ml) on VEGFs (10
ng/ml)-induced VEGF receptor-2 (VEGFR-2) phosphorylation
in HUVECs (A) and HRMECs (B). Quantitative analysis of
western blotting of total VEGFR. (C) The data of (B) were
analyzed. There were no significant deference between vehicle
and kallidinogenase treated group. Data are shown as mean +
S.E.M. (n = 5). Data are shown as mean + S.E.M. (n =5 or 6).
*, P < 0.05, **, P < 0.01 versus Vehicle (Dunnett’s multiple
comparison test). Cont : Control. Veh : Vehicle. KAL;
kallidinogenase. N.S.; not significant. The results were cited
from ref 28.
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Fig. 9 Cleavage action on VEGF¢s by kallidinogen‘ase.

(A) After incubating for 6 h with kallidinogenase (0.1-10
pg/ml), the digestion products of VEGFis (10 ng/ml) were
analyzed by immunoblotting using both anti- N-terminal VEGF
antibody (a) and anti- C-terminal VEGF antibody (b). (B)
Digested VEGFiss (10 ng/ml) incubated with kallidinogenase
(20 pg/ml) for 0-6 h was analyzed by immunaoblotting using an
anti- N-terminal VEGF antibody. (C) To confirm the cleaved
VEGFies by using human vitreous fluids, we demonstrated
immunoprecipitation of VEGFies with vitreous fluids in MH
and PDR patients. The results were cited from ref 28.
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Amino-acid sequence of VEGF, ¢
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Fig. 10  The identification of VEGFe cleaved by
kallidinogenase.

(A) MALDI-TOF mass spectra after TMPP-Ac modification of
peptides digested by Lys-C (a). MS spectrometry results after
the Lys-C digestion (b) and Glu-C (c) are indicated. The x-axis
and y-axis represent m/z and % intensity, respectively, for all
mass spectra. (E) The theoretical fragments on the C-terminal
side were not detected beyond Lys 108. The C-terminal amino
acid of VEGFuss cleaved by kallidinogenase was Lys (Lys 107
and/or Lys 108). The results were cited from ref 28.
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Fig. 11 The inhibitory effect of kallidinogenase for retinal
neovascularization in a murine OIR model.
Shown are original images (A-a, ¢, €, g, i, and j), together with

the analyzed images (A-b, d, f, and h) obtained using the
Angiogenesis Tube Formation module in Metamorph. Scale
bars = 500 pm (A-b and d), 250 pm (A-f and h).
Representative photographs show the abnormal blood vessels
(A-i) of the vehicle group and the normal vessels (A-j) of tissue
kallikrein treated group. Scale bars = 25 um (A-i and j).
Kallidinogenase significantly decreased both the number of
nodes (B) and the node areas (C), which are indexes of
pathological neovascularization, as calculated using the
Angiogenesis Tube Formation module. (D) Immunoblot of
VEGF1e4 protein shows that tissue kallikrein treatment at 50
ng/kg reduced this expression with no change in the level of
B-actin. *, P < 0.05; **, P < 0.01 versus vehicle (Dunnett’s
multiple comparison test). Cont; Control. \Veh; Vehicle. KAL;
Kallidinogenase. The results were cited from ref 28.
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Fig. 12 The Effect of kallidinogenase on the physiological
angiogenesis of mouse.

Representative images show the retinal flat-mount at PO (A-a)
and at P4 (A-b). Shown are retinal blood vessels of the control
group (A-c) and of kallidinogenase treated group (A-d) at P8.
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Scale bar = 500 pym (A-d). Quantitative analysis of retinal
blood vessels was performed (using an angiogenesis imaging
analyzer), measurements being made of tube area (B), length

(C), joints (D), and paths (E). Data are shown as mean + S.E.M.

(n = 5). Cont; Control. KAL; Kallidinogenase. N.S.; not
significant. The results were cited from ref 28.
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Fig. 13 The effect of kallidinogenase on VEGF2;-induced
proliferation, migration, and the phosphorylation of
VEGFR-2.

HRMECs (A) were cultured in a 96-well plate, and
proliferation rates induced by VEGFi21 were measured by
WST-8 assay. Data are shown as mean + S.EM. (n = 6).
Images of wounded monolayer of or HRMECs (B) taken at 24
h after treatment with VEGF121 (10 ng/ml) with or without
tissue kallikrein. (C) Migration was estimated by measurement
of cell numbers within the wounded region. Scale bar = 500
pm. Data are shown as mean + S.E.M. (n = 3). Kallidinogenase
(10 pg/ml) did not inhibit VEGFR-2 phosphorylation in
HRMECs (D) induced by VEGF121 (10 ng/ml). Data are shown
as mean + S.E.M. (n = 5). Cont; Control. \eh; Vehicle. KAL;
Kallidinogenase. N.S.; not significant. The results were cited
from ref 28.

4. &

TV 2 — RIS IR R O3 & LR
EIEAENTWEERLTHD, AETIZ. HY P 7
— B MR I A E 38 L OV ORI O Rt
EiTolz, BREMFEREZANT, BV Y FF—E L
VEGF NIEDOHRI AR L, 7> PDR BEHEREMICH Y ¥
J 7T =B L VEGF B EFRLTWDZ ERH LT
oty F£72. in vitro TT/VZBWTC, BV T F—
YL VEGFes YIWr{EM % /- L C VEGFaes w5 3 BT EK |
R D HE5R S K ONEEZIH L1z, 512, in vivo
ETIZBWT, BV P —BIEERM BRI Y E



31 HRHEIT

b)Y —EomEHEmHER

WM A S
&éﬁto

ERNCHFIET D0V ¥/ 7 —F OfaEm & 7% BRIz
%9 HBEEETHRH7DIT, PDR (HEFEHE R IR M EE) |
MH (FEFEH L) B LN ERM (FEUE RIK) BB IR
WEENDHY Y FF—FP B L VEGF DR % HlE
L7z, PDR BERRANCH U ¥ ) 7 —E OBEE 88N
BRDO LN TR, VY7 F—8 L VEGF 2
IEOMHBEEREET L2 EEHALMNIC LI R AT AKX &
ADBEINS A Y —E ORISR H A A
P35 ATREME A VRIB S LT,

TP VEGF16s5 12 K o CTHIMLE SN 7= in vitro EWE K.
NI OB S KL ONEEICRIL T Y v A —Bik
HEWER AR L=, VEGFR-2 DU kA M+ 52 &
BB NZRoT=, BVY 7FF—+F L VEGFR-2 Bk
WCHBERIEL TR END FEH TN P ) Kb —

B3 VEGFues |Z%) L CEZII/ERA L TV A EHEER LT,
BV )T F—FiE, ¥= ) =T OAFF =YD
BIOTAX=2-v) 2O T D2 ERMBNTNS
2CO - ARFFERE R D VEGFes O 107 & H 5\ % 108
FHOVU Y TUINrd 25 Z BB SMNIT/R 572, VEGFies
DY UFEEEALIE 111 FH 25 165 & H O C Kl
THDHZENRESINTNDHE, B Y Y FF—BITk
> CHIWF &7z VEGFies 13~/% U A EIML & B2 720
RTF RIZlpoTWB I EnD, VEGFR-2 1267 54
FEHERERITDO L CWDEZERNEZBND AP )7
F—E D VEGF16s (2472 G EM 13 0.1 ~ 10 pg/mL IZ33
W CIRERTFERICBIZ S 1L, in vitro [ 2BV D ENERRK.
AR s X ONEAE Bl Lokt 2 Bl fEM $ 0.1~ 10
HgimL ORI CHERDEND LMD, YY) FF—FD
VEGFis (2513 2 EIWHER & FLiE B AEEH 2R+ ZEh
ENOREN—ET 5, PDR BEML-HRIEFICENT,
B YUY AT —BIIH 100ng/mL EH L TWAR, EH L
DORRFHER D DHELRET D LI IRPICHFET DIRE T
PUME T AEER 1358 < ML A& FrA okt L CER &
RSN EEZBNRD, T72b5, PDR BHEICHLTH
V27— E SR ORERFET 5720
WiE, RAF A VAL D ERIZ T TR+ THY
MR B AEMSIER 2 R DI R RREDO TV ¥V
TFr—E¥RNETHD, FEEEZ, PDR BEM Y 7

WA VY —BEREIRE 10 pgimL 12725 X 9 IR
M43 E, b MEFERETICRT 28BSz VEGF 2
M &L, ZORERIT in vitro VEGF1es BIWERERFE S & —
%95,

OIR EFT /MK LT, BV Y/ FF—BIIRlE&FEEIC
X VM E S AE I U=, £72. in vitro 3R L [FIAR
W2, BUY ) F—EiE~ T A OR 7 /MIBWTIEN
TLEHT5 VEGFs 2032 Z EBHL NI T,

FAFE S MRS 351 2 B8 M8 2 s

F7m, W, BV Y & —E 1 nitric oxide (NO) DFEA
HIN% I LC VEGFies OFHLA WD S5 Z & A S
n=@, Lk YY) A r—Eik, IRND VEGFss 4l
WrEH 3 LY NO B9z X 5 VEGF OV ER® “dual
action” (2 &> T, MEMEMEHEZIEIT 5 2 & ARE S
Nz, ~v AOMEME IFAEFN TTITHE LD,
P8 BEICILMENE Ik o B s D ME R v b T — 27 A3HiR
ERBE, < AMEIREIZ 51T D A ER e i A R R R
BWC BV Y ) 5 F—EE2EE LTS AER R & b
ETOFMEER (MEHRE, RS, DERB IO 12
BOWGEWNI R T, Zhud, AY V0 7K —E DKM
Be 5S35 D AR 22 IS A LI )T L TR B K
EERNZ EEMSRE LTV 5D, BRI 5B 22
M8 DFEEIZ VEGF121 (7 7 A TIE VEGF10) MM E L &

—J5 VEGFies (~ 7 ATt VEGF1e) I3MEEIZIT 2
R 7R MAEFT AE~OES P RBEI N TN D 2D, H ) ¥
J 7 —BIE, VEGF11 #5758 N i O B85S I ONEE IS
%F L CHIBIVER 278 &9°, VEGF121 DAFEMEIZR T
A NIF S 78 hvo 720 VEGF121 123V T VEGFa65 (2 1)
TROLNT=H Y P Fh—BOUIWENI I ET 5 23,
BV FF—BIRINZ L > T VEGF1 OAEREME T
HENRNZ ENnD, BV Y FF—PIE VEGFn 1254
LCHIBEEZRERNEEZOND, VEGFs &
VEGF1iz1 D7 2/ BRECSIF 111 % H AN B D Z L b,
71U 2 77— OIS VEGFes D 1117 H 2L
T DHOTII RV LRSS, ZThb VEGF
BIWHEME DAL, R AL AF T ZAOHLE 5, PDR B
BTN TR IE BT A 2 35 272010 U
)= BIF ER LT RS E T AR R &0
2B,

ARROMERR RN S, AV Y 7 —B I3 BEf A S
AUTW DA AT AE ISR & X E R DT 2 A L,
PORMEFIZ LV R LTI EBALN o7 BE
TR TE R DIERBFT 2R T 5 2 Lt (BRRSGIC
 DIRESR OB M 2, S BT E O O TEE
PERHIFFCE D, I HIC, RIFEGIC X DI ATREIC 72
L2 LI X o T TR EIZ X B IRAN% e EORIVER
FRHDIWIIa L T T AT ADIE T O RIE S A R
TXDAEEMENRE X DD, SHIZ, BV V7 FF—EiX
INETFULERASNTERZEREKNLTHY, EHFM
BT 2 ER 2SS TR > ZFEWER OSSN/ < %
ERERGHEVZDZENL BERIEAICRTT AU 270
DR,

b, BV —BI3HRERETEA L. Kl
BHIZ L > TR ERT Z ENH LT Y BRI



W2 FEFIA A0 FE Vol, 63, 22-32 (2014) 32

JEROA AT HENGIE 720 & 0 MERR I A BT AR R BT L TH 2
IR EEANC 22 0 15 D WTREME DS RIR S VT,

6. #

ARRERZDITHIEY . KEOHEZBY . 7@
BEE T2 RS EHEE 5 D F U 7o BRI R
REMRAT 27 K S JRE SR AT “AF 2 25 Bz IR SR S R I TR o
ROBEHOFTERLET,

ARBFFEICER L, RAATIFEE & 2R ) £ LIz R
SRR A R REARATT 7 KGR SN AT AT FE R HEHUR
RS TEHE I S A ON (R B BB ] — S S AR IS TR B L 97,

o, RWIEOBITIZHIZY . EFATE O L & 5
BSalhY £ L7 RIRER I AIRB A B EdR it B E =
S NSRSt =R B AR ZE TN B L i)l
ERK, SPA BERITONCZHELRICERH L £,

7. BEXM

1. J. Folkman, Y. Shing, J Biol Chem267, 10931 (Jun 5,
1992).

2. H. Yamashita et al, Comp Biochem Physiol
Physiol109, 101 (Sep, 1994).

3. C. Y. Hooper, R. H. Guymer, Clin Experiment
Ophthalmol31, 376 (Oct, 2003).

4, W. M. Lyle, A. P. Cullen, W. N. Charman, Optom Vis
Sci70, 136 (Feb, 1993).

5. M. A. Mainster, Semin Ophthalmol14, 200 (Dec,
1999).

6. J. D. Reynolds, Paediatr Drugs3, 263 (2001).

7. A. P. Adamis et al, Biochem Biophys Res
Commun193, 631 (Jun 15, 1993).

8. D. W. Leung, G. Cachianes, W. J. Kuang, D. V.
Goeddel, N. Ferrara, Science246, 1306 (Dec 8,
1989).

9. J. Pe'er et al., Lab Invest72, 638 (Jun, 1995).

10. D. M. Brown et al., N Engl J Med355, 1432 (Oct 5,
2006).

11. E. S. Gragoudas, A. P. Adamis, E. T. Cunningham, Jr.,

M. Feinsod, D. R. Guyer, N Engl J Med351, 2805
(Dec 30, 2004).

12. P. J. Rosenfeld et al., N Engl J Med355, 1419 (Oct 5,
2006).

13. T. von Hanno, B. Kinge, K. Fossen, Acta
Ophthalmoi88, 263 (Mar, 2010).

14, U. P.D. S. Group., Bmj317, 703 (Sep 12, 1998).

15. N. Chaturvedi et al., Lancet351, 28 (Jan 3, 1998).

16. A. A. Franken et al., J Hypertens Suppl6, S461 (Dec,
1988).

17. H. Funatsu et al., Am J Ophthalmol133, 537 (Apr,
2002).

18. H. Funatsu, H. Yamashita, Y. Nakanishi, S. Hori, Br J
Ophthalmoi86, 311 (Mar, 2002).

19. H. C. Hatcher, J. X. Ma, J. Chao, L. Chao, A. Ottlecz,
Invest Ophthalmol Vis Sci38, 658 (Mar, 1997).

20. J. X. Ma et al., Curr Eye Res15, 1117 (Nov, 1996).

21. N. Kato et al., Eur J Pharmacol606, 187 (Mar 15,
2009).

22. N. Ferrara, W. J. Henzel, Biochem Biophys Res

Commun161, 851 (Jun 15, 1989).

23. S. Soker, S. Gollamudi-Payne, H. Fidder, H.
Charmahelli, M. Klagsbrun, J Biol Chem272, 31582
(Dec 12, 1997).

24, S. Soker, H. Q. Miao, M. Nomi, S. Takashima, M.
Klagsbrun, J Cell Biochem85, 357 (2002).

25. S. Soker, S. Takashima, H. Q. Miao, G. Neufeld, M.
Klagsbrun, Cel/92, 735 (Mar 20, 1998).

26. S. Ishida et al., J Exp Med198, 483 (Aug 4, 2003).

27. I. Stalmans et al., J Clin Invest109, 327 (Feb, 2002).

28. S. Nakamura et al., Arterioscler Thromb Vasc Biol31,
1041 (May, 2011).

29. L. E. Smith et al., Invest Ophthalmol Vis Sci35, 101
(Jan, 1994).

30. E. Del Nery, J. R. Chagas, M. A. Juliano, E. S. Prado,
L. Juliano, Biochem J312 ( Pt 1), 233 (Nov 15,
1995).

31. B. A. Kevt et al., J Biol Chem271, 7788 (Mar 29,
1996).

32. M. Fruttiger, Invest Ophthalmol Vis Sci43, 522 (Feb,
2002).

8. HiLEHE

AFERLIL, I BFEFIRFA R SC (143 %) @
NAZHPDICEL DD TH D,



