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SYSTEMIC ADMINISTRATION OF ENDOSTATIN INHIBITS ARTHRITIS
BY BLOCKING ARTICULAR ANGIOGENESIS

Ken YosHIDA

Division of Rheumatology, Department of Internal Medicine, The Jikei University School of Medicine

I investigated the arthritis-inhibiting effects of systemic administration of recombinant
endostatin in 2 arthritis models. In the first model, arthritis was induced in 6-week-old female
Balb/c mice with injections of lipopolysaccharide and 4 monoclonal antibodies against type II
collagen. Mice received subcutaneous injections of endostatin (0.2, 2, or 10 mg/kg/day) or
phosphate-buffered saline (control) for 13 days, starting before arthritis developed. In mice
receiving 10 mg/kg/day endostatin, arthritis scores were lower and hind paw thickness was less
than in control mice. Histologic examination 21days after antibody injection showed that
synovial thickening and subchondral bone erosion improved more in mice receiving endostatin
than in control mice. In a second model, arthritis was induced in 6-week-old male DBA/1J
mice by injections of bovine type II collagen emulsified in complete and incomplete Freund’s
adjuvant. Endostatin, 10 mg/kg/day, was given for 14 days, starting before arthritis devel-
oped. Arthritis scores were lower and hind paw thickness was less in mice receiving endos-

tatin than in control mice.

Immunostaining for CD31 showed that neovascularization in the
synovial tissue of arthritis was less in mice receiving endostatin than in control mice.

These

results suggest that endostatin is a promising antiarthritic drug with a novel mechanism of

action.

(Tokyo Jikeikai Medical Journal 2004 ; 119 : 315-29)
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WLIE 183 & (k) o7k 54T 20,000 D
RYVRTFRTHBHY,

Bill, T NAYFURBEMRET VT AR
BE5L, =¥ RR¥F & 2BEHEROBEEIGH
DWW T OHBEMEZMRET L 72 B < D
STz, A S I3 RA BHE OW B % severe
combined immunodeficient (SCID) ¥~ X D
TBiEL, ZoMMIcE MHAKIZ T R 2%
T m G UTRER, WEER N2 e
WELLY, 7, Yin 5 3B AEERET S
tumor necrosis factor (TNF) 7> 2 Y=
=737 AT FAY I OBERLRTFE
ARV F A NARY ¥ — R EEEA
L, IR Ifl s - 2 e BlRE LI, 2o
BT RTZ Y KRS FroFFEkEGIc X 25081 %
et L7zbDTHA, UL, RAIZLFMEFE K
RRIET 222G MEBTH L0, TV FRAYTF
YORFRG TIIEREE TSIy b — L TE
BOWHREMEDSH 5, Lieh->T, ZOERBEZI >
FO— LT 27D RRAYF DL #HE
WILEE L 7 ZA[REMEDNE W, F 2 TARIE T, &
B L EEBEESRE T VY Y A RERIL, <
AMAIZ L RRAYF e H 5L, VR
A F > DBAFIRIC RIE TR ZMET L 7z,

II. % & #H &

1. fHpasEE

YV ALY RRAYFUEETE X Vpur-
omycin i PEE R T % E A L 7z 293-EBNA #ll
B225em* 7 v 7 v tv 2 7 7 A2 (Coning,
NY) 10 ffic 3x10° &9 >k, 3> 7L b
1275 £ T37°C,5%C0O, DT TRE L, &
N OBEETEEA L 293-EBNA i 1356 5
ERERIRFILOSRTFEEr oG 3Nz b D%
vz g s L ¢, v Y BRIBINE (Hyclone,
Logan, Utah) % 10% & 7% % X 5 1Zhz 7z Dul-
becco’s Modified Eagle Medium (Invitrogen
Co., Grand Island, NY) Z puromycin (SIGMA,
St. Louis, MO) 0.5 xg/ml, penicillinG sodium 5
units/ml, streptomycin sulfate 5 ug/ml,
(Invitrogen Co.) &% 2 XS5 CHMLTzd D%
Az,

H

2. VURMMA TV FREFOFER

NYALYFAYF Y OBIEF EEALT293-
EBNAMi2 7 2 A aNTary 7Ly b2
7o JoHRE S THEFEIR 2 B D R &, phosphate buf-
fered saline (PBS) 40ml CTHIfE % 1 [m# ¥ L
7. O, 77 A 212 # M3 O Dulbecco’s
Modified Eagle Medium % 30 ml A#i7z, Z DIk
REC 24 FFHIEFEL, TV PR F U RSz
B PyEREIN LU 72, 2 ORI L 7285 E s L
TOREEMZ, avT4varATavAEL
TLCIRFELT:, REOHEB L 2 DIREIF 25
mM EDTA, 1mM N-ethylmaleimide, 2 mM
phenylmethyl-sulfonyl fluoride, 0.029§ NaN3 T
Ha,. R, 2OAVT4¥ary AT 47 A% 10
B RICEEST 2720, KEECTHTFES v b
»3 10,000 @ Ultrafiltration Membrance (Mil-
lipore Co., Bedford, MA) %\ CRAEME %
Tole, BiEL/IzaY T oy av AT 4 v L%y
T8 A v b 12,000-14,000 @ ZFE M1 BE (Sanko
Junyaku Co., Ltd., Tokyo, Japan) % F\w T 3 [
EHTL 2, BATICH W Ny 77 —130.02M
Tris-HCI (pH 7.5),0.15 M NaCl{ER TH 5. &
P& T ROV > 7V 2 EdiEn (9,000 rpm, 4°C,
30min) LT, BEDOAEEIXLIz. Rz, 77«
=T 4—=27ux NI T4 =R{TID, ~o%Y
>3 a— &N HiTrap heparin HP 7 7 4
(Amersham Biosciences, Uppsala, Sweden) %
Fwizc, 2OA 7 ACER L7249 > 7V 5L,
AT MW LT B HE % gradienter % W
0.I5M2» 5 08MobiEILT vV 7 A40.02M
Tris- HCl (pH 7.5) & CREAN % 00 THE
Haw, 797y avavyy—TEINL, E
VU 7z % >~ 7 v ® SDS-polyacrylamid gel
electrophoresis (SDS-PAGE) %#77\>, 20 KDa
LD/ > P 2B HER T & 2 58 = [EUX L
7z. Xz, HiPrep 16/60 sephacryl S-200 High
Resolution # 7 4 (Amersham Biosciences) %
HHL, Z0% ¥ VD7 NREEITS 2. 7 7 4
=T 4 —=7uax NI 74— AR AETT IV
Witk DY > 7@ SDS-PAGE 217w, 435 %

FBLTCEIN L7z, [\ L 724> 7% PBS T 3
EENT L, BEATERD Y > 7V % BRAVEIRE I CIRiE
Uiz, BEcE sz~ Afz = N X ¥
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F VAR 2 TEEBEE L, BCA Protein Assay Kit
(PIERCE, Rockford) % FJ\»7& (5 % {8
L, —80°C TERIFL 72,

3. TVFRIFUEHEDAZE (HUVEC migra-

tion assay)

bovain serum albumin % 0.1% £ 7% % X 5 I
B0z 72 AE PN B RERS 3298 € & % HuMedia-
EB2 (KURABO Industries Ltd, Osaka, Japan)
i VEGF,s (R & D systems, Minneapolis,
MN) % 2ng/ml &% 3 XS 1CEimL7. XicZ
DEBWRZ A8 V2NV T Y F ¥ A F v N—
(Neuroprobe Inc., Gaithersburg, MD) @ T &
F o= 30 ul FOANT, EEF v N —
ETEBF v N—DfIcTy bDFA 7T a5 —
7> (BD Biosciences, Bedford, MA) %2 — b
L7z®RY I—K*xA4 b 74 %— (Corning,
Cambridge, MA) ZHEA L7z, fEEER E LT
HuMedia-EB2 Tt b i # R 108 P9 B2 Al i
(human umbilical vein endothelial cell:
HUVEC) % 2x10° cells/ml IcZH#& L7728 D% H
Wiz, Z OMREEFEER I RARE Y 2 0.1,
1,10,100,1,000 ng/ml £ %% % X S5z > R X ¥
FrEMZl, avyra—LE LTIy RRY
F RN INOMGFEER 2 AR L. 2h s O
JiEE R % 30 43, CO, A > F aX—% —TH;
#FLIt, EET v oN—2 2 s OMfEER
%50 ul FOAMNTZ, TN 37°C T 6 KR, Bk
Lizte, 748 =204 L7z, vascular en-
dothelial growth factor (VEGF) Hl#iz X > T
T AN —REBEL, 74N —O AT
& L 72 Ml fa % Diff-Qick (International Re-
agents Co., Hyogo, Japan) ZMHW@ L7, =
B, VEGF #§ll, =¥ A ¥ F VRO #E % K
Yr47arviu—nEel, VEGF &tz FR¥
FrEHKIRMOMEAATT 4 72> bu—)L
& L7z, %inhibition I3 RY 7 4 7a > ha—)
0%, AT 4 7a>rba—n%100% &£ L7
& EDERC BT iE 2 HE S - a8 o F]
GEli, 2%, {1I-(A-B/C-B) } X100(%) T
HHU, ARBSHOL Yo VHIZY OFEELT:
%, B A4 7 4 72> ha—vo¥EE, C
BRY T4 7arru—LvoFEHEEZEL TH
5.

4. BOEIRET I OIEE

1) PUAFHESMERIHEIR

day 0 1z 6 34 f it @ Balb/c (Charles River
Japan, Inc, Kanagawa, Japan) 2 4 fE%H @ $; 11
Mas—4»vx /27 a—F vk (IBLCo,
Gunma, Japan) 2 mg % &EEIRKS L, day 3
LPS 50 ug %8N &S L.

2) a7—r7 rFEMBEE K (collagen in-

duced arthritis : CIA)

KET, 03% v v 118 a5 —7 VIERK
(COSMO BIO Co, Tokyo, Japan) &5E& 7oA
b7 Y asx> b (Difco Laboratories, Detroit,
Michigan) %2 1:1 OE|&TEML, =~vVYa v
VR 72, day0 WHIEISE L LTI D<)V
Y g v % 6 AkHED DBA/1] (Seac Yoshitomi,
Ltd, Fukuoka, Japan) OiSHEIEMREEMNIZ 100
ul FOE,E LU, day2lic 7—A ¥ —EL L T
03% vy NMas—7r U ERERNTER 7 A >~
F7 YNy N TR vy g v R RIBRC
‘5 L7z,

5. TYFRIFrnIE5E

) ODETNVEBVWTIEE, T FRAYF U OfR
I XD IEERER 0.2, 2,10 mg/kg/day @ 3 B2 4>
U7z, v A 1MLH7z 0 OFEIZ20g & LTRSS
HEERREL, 1H2ME (#, ) <537, day0 2
5 13 HE, 7 ADOBEERE T 100 xl 305
L7z, 2> rua— B3 PBS #AEDOHET
BELIz.avyra— VLY R XY T 02,2
mg/kg/day O~ 7 A X FNZEN 10T O &
L7z, =¥ FA¥F > 10 mg/kg/day BED~ 7 A
I 4PtE L7,

2) DETNVIEBOTIL, IBRFE T N RS F
> 10 mg/kg/day ® 18t L,1 H 1[5, day 21 »»
5 14 HE, ~7 ADERENIZ 200 £l 37085 L
7o, av ho—VEIICXFRIBED H kT PBS 2 #
GLl7:. arro—VEEEmRBERFO~ Y A3 5L
For L.

6. BIEIROFHE

1) HEIRERE

RIS OEAER IR L T, PSSR %S
RDES TRHMI L 7z, HUAFEEIERIE 1B L C
&, BIER SR 0 5, IBEH, 14, BEOMEE,
25 EHERER, 35 BIETOME, CREL
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72, 2 LG EADOFB L AR O 4 Bfio
ARt EBTHME L 72, CIA ICBW T, BEIFiZRS
e 0f; BEE, 15, B0H00ERD 2 WIiEF
BIUOREEEHIOREDOIER, 2 58; F5LU0EH
HioMR L ER, 35, T X CERHOEED
JERE, 4 5; FB L OEBEOMED 5 WITEE,
WHRELRY, 2 LT EHOFB LU AR O
4 B O G EECTIMI L 72, A EDOE I CH
LTk, METNVEDEOHRREE £ X THIE
L7z

2) IR RS

day 2112, NL%5 2 I WK C, @iy
I TNV T — T VIRAREE T8 W CHUREEE R
HiR~T A BLIHILI &, B2 EEML V5
mm HAXETEIWT U 7z, YT L 7o ik 2 1096
MEE AL~ VT2 HEEE L, £ DHBK-
CX i JX ¥% (Fujisawa Pharmaceutical Co,
Osaka, Japan) T 24 KFEIRIK U7z, Z OBIR TS
774 v 7uy 7 {EE L, HE $ K% /ES
U7z, MRBERRHEE & U QI RERRE, W
JRIEE, B S AZOWTZENET0 &4 ; IE%, 1
ROBEE, 2 50 R, 3 HEE L RAaTEL
72, Zh 5 3D 0O KRF DA EF % histological
score & L7z,

3)  JEBIETEEHELC B U 5 CD31 D fEgtn
CIAETNVIZBWT, day 35 12 EBIAT X D #95
mm HX{E TN U 7% THC Zine Fixative
(BD Biosciences Pharmingen, San Diego, CA)
T 24 KM E L, Z D% 10%EDTA %% (pH
7.0) T 48 KFEBEIK L7z, Z ORI T/8F 7 4 4]
FEERL, YR ThoRARE S—4 Fv 5 —+¥
D7 ayF ¥ 7 ¥, Peroxidase Blocking
Regent (DakoCytomation Co., Ltd., Kyoto,
Japan) w7z, 10 507wy ¥ > 7%, Ul
% Tris Buffered Saline (TBS) T1[H ¥ L
z.—RPURD K & LT, It~ v A CD31 Hiufk
(BD Biosciences Pharmingen) & # % 10 {578
L7zbDRYFICHTL, 60 SHERETRIGE &
7z, TBS T3 EPEH L7z, E4 F k=Rl
EORIGE LT, EXF MERT Yy iy v A A
L 7a 7)) PREIR (DakoCytomation Co.,
Ltd) % 100 fEAM L7z b 02U 2T L, 30
SHEERTCKIGS €7, TBS T3 REPEHL .

H

ZOYIFICRIVA F ¥ 5 —PIEHZEA NV T T E
v > (DakoCytomation Co., Ltd.) Z# FL, 30
SHEERCKIGE ¥k, TBS T3 EEEEL <.
Fetaz ik, DABEE + v & (DakoCytomation
Co., Ltd) ZHWHEMO I, BBIC~AT M+
D ORI AL T2,

7. WRETSERORRMT

BIETI RSB L 5 R DJE S ORRFZ L N8 —
YOMHEEICOWTOMTFH B E T
repeated measure ANOVA 2 HWz, ks
HHBAFIRICB W TIE, S5, SRFLAM0ER
R % 72 ORI AR E I 1Z L EE 2B E L
Scheffe %% w72, 4 BRSO histological score
O Hgg iz 1% Kruscal-Wallis test & w72, SflE
FED PBS # & K% G5/ O FLI D 72 % D post-
hoc test 12 1% Bonferroni &% A7z, 2 OBOH
E/k#E1Z 0.05/3=0.017 & L 7.

I #% R

1. TIOREHRALIY PRI F o OFES
SEEBICHER L e~ Az 2> R 28 F
YOEFEHRIZINOSICE > TIRESN T WS ik
BHWERS, =Y FRYF v E2FRET 5293~
EBNA fiifia & 073 35 SDS-PAGE X 0,
FOHEEOHERE LIz & 25, 45F 20,000 (10T
WHARR 2N > R 3EFR & v/ (Fig. 1), =~ R A
& F > DirFl 20,000 EFRESNTELY, Z
DN KPT Y NRYF U EEZ NI,
IYNRAYFrEFEZONLNY FRHMAICD
T2 D TEONY RDBED NIzl d, ZOY
TN S LY KRR T kMY A0S D
YEzl, FIT, ~SYUYEIA—NLEAT A
EHWTC, 774 =74 —270ux NI 7 4%
Tole. 774 =74 —=2ua~v 777 4 —%D
o FANFarTavarATa AL,
IYRRYFUNDNY RIFEL D, F2N
YROHBWA L (Fig.1). LrL, =V F2A
YF XSG TFROKRKEDEICED SLDH /N
RIZWHE L holz, 2, = RRAZF UL
D~ VEFEOD L EHE EE 2 oz,
FDH, TUFAYFUOMEEZ SIS ICELT
LZBERHDEEZ, X Vvrav NI T
T4 —®fTol, Furzuax ST 7 4 —H%OY
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Fig.1. SDS-PAGE of endostatin samples from
each step of purification.
Samples (10 ¢1) from each step of purification
were subjected to SDS-PAGE, and the polya-
crylamide gel was stained with coomassie blue.
Lane 1, molecular weight markers; Lane 2, a
sample of conditioned medium from 293-
EBNA cells expressing mouse endostatin;
Lane 3, a sample after affinity chromatogra-
phy; Lane 4, a sample after gelfiltration;
Lane 5, molecular weight markers (arrowhead
indicates 20 kDa).
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YINEBWCWR T 74 =T 4= ux T T
74— LB L, 9F&E 20,000 L EOEHED
7= V=3t X ZMINEIFAN TR sk <
otz (Fig.l). LT, = FAYFrEEZ
SNHHE—D/NY L D HHBCED s L7z, P
F&y, #iEOEVIY RRYFURESRI L
T L 7z,

2. HUVEC migration assay IC& 5T FR %

F> @ HUVEC ##EREAE R85

T R RA¥F % VEGF I2kHF L 7z & N B
MifgodEE #HET %, £ 2T HUVEC migra-
tion assay vy, SEIFH LIz R X5 F >~
2, VEGF k77 L7 HUVEC 0¥k % £ D2
JERHE T 2 pREt L7z, HuMedia-EB2 12 fif ¥
MLZWEE GHT 4 7a>rbao—) D 1 well
Hil- OWFFEL -HUVEC % 13 78.0+£13.5
(mean+SEM) T®h -7 (Fig.2A). HuMedia-
EB2 12 VEGF %ML 7cHBE (KY 74 7a >
Fa—i) 1 well b7z OFEE L7z HUVEC
1% 577.2+2.2 (mean=SEM) &840l 72 (Fig.
2A). 2o Z &, HUVEC O£ 13 VEGF i
IV REIND I LRSI NIz, VEGF OFE

B
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Inhibitory effect of purified endostatin on the migratory activity of human umbilical vein endoth-

Five different concentrations (0.1, 1,10, 100, 1,000 ng/ml) of purified endostatin were assayed for
migration inhibitory activity on human umbilical vein endothelial cells (HUVECs). In this assay, the
migration of HUVECs is induced in a VEGF-dependent manner. An assay mixture containing neither
VEGF nor endostatin served as a negative control, and that containing VEGF and no endostatin served
as a positive control. A, the number of migrated cells/well. B, the mean percentage of cells, the
migration of which was inhibited by endostatin (9 inhibition). The % inhibitions of the negative and
positive control were defined as 100% and 09, respectively, to calculate that of the test sample.
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Ty FAYFrEZzhZE0.1,1.0,10, 100,
1,000 ng/ml OEETHRIMLI: & 2 5, WHEELT
HUVEC #ix # I Z 1 462.7+22.6, 329.7+46.3,
184.34+36.8, 170.7+3.9, 96.3+2.2 (mean+SEM)
o7z (Fig. 2A). 2O Z o ShEfEEL -
¥ R RS F IZHERFM I HUVEC @ ERE

FHEE 9 % 2 & SRERE & 7z, %inhibition X >~
FAZF Ik iEEEHES L7 HUVEC O
BOEEGEZR LI, COB AT 4+ 7a> bu—
NE100% &L, R¥YT47a>rbu—L%0%
Ell, TYRRYFYOREHN10ng/ml DY
inhibition 1) 809% T»H -7z (Fig.2B)., = > K
2AFFOEE % 1,000ng/mlic ¥ THET S

A

arthritis score

H

¥, %inhibition % 1% 1 100% T » -7 (Fig.
2B). lED Z b &Y, SEOAERES & OFFE%
12 & v HUVEC #E & FHES 23+ b % #iE
BWIYNRAYFUBEL6NE Z EDHERTE
Jz. Tz, DBOFERICHW Y F X8 T
VT RTZIDHEICEIVEELRER LD %
vz,

3. BEIRETINVICEITRIY PRI FDEEER

eSS

I FRY T v ORI RIEIRNR 2 743 2 k-
T2EEOBEMAE T VY A ZH W, 191
AR IAS AR TWwb CIATHS, =
DETNVEFEBONMa T — 7 237 AR
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Fig. 3. Arthritis-inhibiting effect of endostatin in mouse models of antibody-induced arthritis.
Endostatin-administered mice were divided into 0.2 mg/kg/day (A), 2 mg/kg/day (#), and 10 mg/kg/

day (W) groups according to the dosage.
twice daily for days 0-12.
dent changes in the mean arthritis score.

These doses were administered to the mice subcutaneously
The control group was similarly administered PBS(O).

A, time-depen-

B, time-dependent changes in the mean paw thickness.
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BT LI LK VBEMIRETFES ¥ 5197, %
EnEEDO D&M a7 —7 v 3R
L0 THCHERERS NS, JURRRZZT 72
T ff S L L, Bt I Mo 2 —5 U4
ErRELEEES, EAINRII NI T —7 U H
RIGBAETERICER T 5. 2 ORE, BHfiEERIC &
SEAIIL DR M A2 2 0, BN ER
aEns., 5%, CIA OBFIRFERFIIKRE L
ST, YRS £ TORIERIGOM & PikEL
BORERIGOHD 2 DOH» SHERK S LT W
618).

L9 1 DDETIVIEFF SHBTE L I PiiFaHE
MR TH 29, ZOETNVIEHIIEIS —~
ViR R ACEERG L, BEfRTELS
%, ZDd, CIAET VO LS 2P LA a5 —
FUbkEEESE L ETO THIEE BAIED
WERIEEAF Yy 7L TWwab, D%0, CIAE®TF
Ve LT & D B RICOB S <, RIE
RIS ERE R ST ET NV TH B,

IhoETNVOBRMIAFRERTFLE L P XY F
Y OVEREERE2ER L, LUTOIER TS % 5H
T3 riZliz, =¥ RRYF R MEREHE
TEFOENB B ICREINTHE Y, PiEFRTHN
) 2oNER e E ORI FUZ TR BT D W
TREEHDIHREEN TR, XoT, &Y
WSR2 3 5 - 0 OBFiRE TV E LTI,
TERIEDH £ 0BG, RERIGSEERDH]
HHEEEERET VO EBEYITH 2 LE 2
7.

Lo L, PUREHEEMEREAIZR € 7 v CIEBEIET R 55
BNE — 7 c@#E LIk, BSIRSED A
$5. 2%0, ZOBHRIIAERESTRTDH
%19, —7F5, CIA &7V TR SENE — 2
WELBZRLIES < oM, BIEiR S8R s
ns, 2%0, ZORHIRITEERESTHRTDH
¥, b MDY v T b, BEFEICbh ) EiR
DR T DM REL EHROBS R TH 5. DR
D e, BHREELFARETIHEHRIIBW
THEN TS 2 LERDH D EEZ 2. Z 2T,
18 ZE DI &2 3 2 72 01213 CIA £ 7 v
2RV, EFE{To7:.

Fig. 4. X-rays of the foot joint of antibody-in-

duced arthritis mice in the endostatin and con-
trol groups.

The foot joint was examined by X-ray on day
21. A, X-ray of the foot joint in the normal
mouse. B, X-ray of the foot joint in the con-
trol group. C, X-ray of the foot joint in the
endostatin (10 mg/kg/day) group. The
arrowhead indicates the joint space. The
arrow indicates an area of bone destruction.



322 &+

D ﬁ%%ﬁ@%f SEFIN=T ACE
Y RRYFrOE

LPS#5 3 Hk &V Eﬁﬁfﬁﬁgﬁ*%z‘ﬁ‘%ﬁﬁbk.
B RSB OBREESAE Y= i2D0n T
repeated measure ANOVA ¥ % WM L 72,
WERIIPBSEEGH LD N XY F U BE3HD
4 HECEEEIE Y sz (Fig. 3A). €512,
4FRIZ DO W T KRS D7 2 T % 72 % Sheffe
EErHWTHLEZ S, =T FRY ’f
10 mg/kg/day #5580 »&RE S O 2 2558
nih-otz (Fig. 3A). $%bb, =K xy%/
10 mg/kg/day #5HI BV TIE, Mo 3 B &

500 %

S D VIR RO R RN Z Lol
(Fig. 3A). 2 R DE S O/ Y — 1

DWW H I BART S B & FIEE O R ET &
fIolefER, =¥ F A8 F > 10 mg/kg/day #5
BEIC O AR EZEEDRED o ik o7z (Fig.
o —VEEE T

3B). & B, B OFRER T 2 >~

H

Y RRYFURSHBCERRER o, %
7z, TYFRYFUoBRGHBTEELCC, FETL
Te oy AR S R EWERASHEI L 7o~ o 2138
HeNKroTz,

day 21 OB EBEHOL > b7 U BRIZBWT
X, I ¥ b u—VEETREZRROMIME LB REE
G » sz (Fig. 4B), —/, =Y PR F
10 mg/kg/day #EETIZ 2 o OFF BB &
ncwy: (Fig. 4C).

day 21 O#EUE BT O R EMHBFE AT R B
Wik, av bu—wﬁfiﬁ¢ﬁ%£%&bt
SAEMIRE, FLERRIGA % - 1o BaE e,
VXA, WERTHEECBT S Fsﬁﬁ%fﬁﬂiﬂ’ﬂ@iﬁ
B & B A, B O RNEHT
»Ho 71z (Fig.5A)., —F, =Y FA¥F > 10mg/
kg/day B EETIZ NS OFTRSBH I LT 0
7z (Fig.5B).

Rz, T o OREMRS R R 2 2 a 74k L,

Fig.5. Histopathology of the foot joint of antibody-induced arthritis mice in the endostatin and control

groups.

The mouse foot joint was examined histopathologically on day 21.

Histopathology in HE-stained

sections is shown. A, histopathology of the foot joint in the control group, showing hyperplasia of

synovial tissue and pannus formation (arrowhead).
B, histopathology of the foot joint in the endostatin (10 mg/kg/day) group.

was also seen (arrow).

Bone destruction by hyperplastic synovial tissue

Hyperplasia of synovial tissue, pannus formation and bone destruction were inhibited in comparison

with those in the control group.
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Fig. 6. Histopathological scores of antibody-induced arthritis mice in the endostatin and control groups.
Histopathological features of the foot joint on day 21 were scored for synovial thickening, bone erosion,

and periarticular inflammation.
score. C, bone erosion score.
SEM.

st L7z, histological score 1, = > KA ¥ F >

10 mg/kg/day ¥ 55 T PBS & 55 & It L ¢
AT FICERICET L Twiz (p=0.008) (Fig.
6A). XKz histological score ZHEEL 3 2 K EFEIC
DWTHBRF L7z, WEEE (XX 2|k O
A7 %, PBSEEGH LKL T N AYF >~

OHEIHEEFEL TIRFL TWw/: (Fig. 6B). &5
2, ¥R ZA¥F > 10 mg/kg/day 5T B W
TId PBS # 58 L g U THEEHEIC b BRI
KT LTz (p=0.008) (Fig. 6B). HUSADA
2713, PBSEEGRECHEBEL T FRAY F 2D
HARICEELTETL CwifEfm»dH -7z (Fig.
6C). AIEMBIEED A 271, PBS 58

A, the total of the scores for these 3 factors.
D, periarticular inflammation score.

B, synovial thickening
Data are expressed as mean=

YRR F BEGHEIICH S 230 o L
»- 7z (Fig. 6D).

2) 3?—?V%§ﬁ%?%%?wuﬁwéi

¥ R F > OB SRR

T— A —m=E5L7-H (day 21) 25, Z2F
2 ¥ F G2 10 mg/kg/day OFE%E, 2
¥ hu—)V#icix PBS 2 EEN RS L. B
MRS 2 DR S DR EE Y — i
DT repeated measure ANOVA 2% F AT
L7z, BRI PBSEEGHEZ PR F o #h
FED 2 HE ORI Y — Y ICEEEDRD
sz (Fig. 7TA,B). %7z, ZORTHEZEIAM
HzH & e BIWER £ b 2 ERITERD &
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Fig. 7. Arthritis-inhibiting effect of endostatin in collagen induced arthritis mice.
The endostatin group (M) was administered intraperitoneally at a dose of 10 mg/kg/day for 2 weeks
from day 21. The control group (@) was similarly administered PBS. A, time-dependent changes in
the mean arthritis score. B, time-dependent changes in the mean paw thickness. Data are expressed

as mean+SEM.

»olz,

T EBHT O EAARR A ARG 21T o 72, =
R 2 & F o &EHICBWTIE, ERIHOAEREE
o IEBEIEE S BBIRORRIEa > b o —
NVEEL IR L T s - 72 (Fig. 8A, B). 72, [
IR iz 3wl CD31 Hifk & v Cfugegeta
Tolfi®R, = FX¥F > 10 mmg/kg/day 5
FIZBWT, CD3LIcY % % MmE N EHIOEIX
I b u— VB s LA LT (Fig. 8C,
D).

IvV. # %=

T RRALF %, I PRI O S FEP &
Mttt & U, MEEfas LS 2 WA DI

BHEHERNT2ZAZY) —=V 7T 5T, <
v AMENKIEMEORE®E FE» o BEEs
7219, 207 2 A XVID &2 5 —47 >
D CKREEFETIZ—7 VD7 Z7 7 A b EFH
FEINLW, XVIIE 2T —2 > OEeI1x £ 72+
DS N TR WnD, ME EETFOLILE
HEEBEICOMHL TWB2, TR F D5
Ta01E 20,000 T7 & BB 184 FRE (v VX)) n
Lk, 183E (e M) 2o RIVRTF N TH
5, TV RARYFUVIRFEESNIED, S b on
X911z, BbENKMdc L TERT %
LEZONTWS, k21X, KGEBROHA
iz LV RRAYFUIE T AEEETVICBWT
[EBIME OFEREEST 2 Z EPMESNALTW
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Fig. 8. Histopathology of the foot joint of collagen-induced arthritis mice in the endostatin and control

groups.

The foot joint was examined histopathologically on day 35. A, histopathology of the foot joint in the
control group (HE staining). The arrowhead and arrow indicate hyperplastic synovial tissue and
bone destruction, respectively. B, histopathology of the foot joint in the endostatin (10 mg/kg/day)
group (HE staining). The arrowhead indicates synovial tissue. Sinovial hyperplasia was inhibited
in comparison with that in the control group. C, histopathology of the foot joint in the control group
(CD31 immunostaining). The anti-CD31 antibody-stained portion appeared brown : a magnification
of the area indicated by the arrowhead in Fig. 1A. D, histopathology of the foot joint in the endostatin
(10 mg/kg/day) group (CD31 immunostaining) : a magnification of the area indicated by the arrow-

head in Fig. 1B.

219, ZOOPEEE L LTS, BIFE, BT
JEIE L L COERBIKEICB W TETHTH 5.
iR DGR L LTy R A F >~ OARE
2L ETHE TICHKREVERES LI T
%. Matsuno 5%, SCID v v 2 IC#®AAITE
MR v~ FERE BB T N A Y F D
ARG X > TEHICERH T3 2 £ 2WEL
720, Yin 513> FRAY F VBIEEFRFERT 2
X 51284 L 7> lentiviral X7 ¥ — & EEE, BEHEI
R ADBERICES L, BRI SEs
EERE L7212,

LnL, 2oz Ry 7> 2BfiLET
NG L& Th b, —H, & hOREE
DRZA A B el g e 2t S el (b o R B

O, YOO RS D HTT X TORFE
ZEIET 2 RN O e ELONDS, Z
nwz, 4, EMAEFT VY I EF Y b
YRRYFrEREGRG URET L.

BIffiRE T v~ R & U CdPiiaha B4
v AL CIA~YY 2D 22V, =2 F A
¥ FrOREICBELTIX, BEfiEETVTLeE
LaRTMEN T N0, BEETIVORE %
ZEIC LTz, OReilly » BEHEE TV I
X OHEOTY A F 25, B
DOYEFEIIFIHR R WRE LI, ZOMEITL D &
Y R XY F > 10mg/kg/day LA F DL HEE
DIMAEHTAE 2 R L, BB QMG 2 IHI L7z, & -
CREBRO T R AYF > OixmHE%Z 10 mg/
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kg/day ICEEL /2.

PiRFEEHEfMIRE T VICBWT, TV KRS
7 > 10 mg/kg/day # 5 O BIFI £ fifis L O
BROESE, PBSEESH LKL T, FRICK
SHERE LU (Fig. 3A,B). %72, =V NAYF v~
10 mg/kg/day #5582 B W TIE, PR 2
7 b, PBS 858 & g L THEHFIICE R ICE
T U7z (Fig. 6A). #ERFHIA 2 7 2T 5 3 D
OHRFDS B, LI, WEEEDRaT I, 10
mg/kg/day #5EEIC 5> C PBS # 5.8 L Hhilg
L CHERHEIVIC b ARICE R L7z (Fig. 6B). MLk
DM, T FRAFF > 10mg/kg/day D&
GBS RIHZIR 2R LTz & 27z,

Kisker &5 D¥EIC L 5 &, BEET NV~ A
BWT, PEBFRIZZ > R A% F >~ 20 mg/kg/
day OEFENEFHZREGIC X DR SNz, DK
DEFRBIEL 22> R A F > DM
990 ng/ml & & S T W B2, LB {ToT2
HUVEC migration assay O T, 10 ng/ml
» 5 1,000 ng/ml @ ¥ T HUVEC o i & %
80% MU FHEL:, cheDZ & XD, in vivo I
B AMEFLEEMZ 222 FRY F > OIHHE
L in vitro 2B 1T 2 IME W I OMEE 21 2.
2LYRAYFOREEFBEELZ—H LTV
LEZONT, LieoT, BHEiRETVIZBW
T, 10 mg/kg/day OS5 513 BB O 1M
FrEZREEL, BESREIET 2 ok L
EzZ oz,

FHRECB T 2EHRMHEHRIRIC O W TET
DESEHE2T, BOAEDEZE, TV AT
YEREBICBEWT, HRCKFELTERTLTWS
2 b - 72 (Fig. 3B), %7z, MR 7D
56, WEMEDAIT EBFLADAITIZT
Y RRZFrOREMKEFEL TET L T 2 {HHA
Wh-t: (Fig.6B,C). o DfEER»s, =
PR % 7 ORIEIRIGEZIR I, »2EEHRIC
EFEL T AIERAN D % L& 2 7.

UL, BAfig S8, =~ R 2% F > 0.2mg/
kg/day B & ' 2mg/kg/day #5812 B v T,
PBS®EHE L LK L THO MR ENA L LR
Mholz, Tk, BEiIRSBONELLEZESED
JE & OWE DR DENIC K 2 AJEEMENE 2 5
Nl B2 EDESIE, / FATHET 37:8,

H

BERTHGiSNG, D, b »BiD
JERR DOE H S 3 w», —7, BEEIR S8
JEEFAEBM CTH B, S512, TOETIVOREMEL
TEMERECES R niw, BESOMER 1 S0
2HD2EBETCULIrFHTCE W, 2D, bT
D BHET D JERR D22 13 S Ui  WHTREMEDY B
5., BAORDEIOENPSEZTH, TV FA
& F > 0.2mg/kg/day X U 2 mg/kg/day &5
B 2 B RIEIRIR O 1L, PBS e H5H8t &
LT, b¥HThol:. ZObT IR
WHZNR O Z= FBEE R SO E I K I ko
TeTIREED B B,

F 72, MRRFEA 27 KT 2 SETFDS 5,
FEMRBEO R 271, PBSEESHEZ VN X
T oG EDBICHO D RENTED ONLL
o7z (Fig. 6D), ZDJFERE L TIERD 2 DDA
BEMEME Z 5Ntz 1 D%, T2 R AY F VICHKIE
AR O 2 1 5 2 IR 2 WAREME T H 5.
b9 121F, day 21 TR T 5 &, RIEDHEIE
L, ROV T Wi TH 5. SlEfEH
L7zET VIZRAMREFEHROETVTH S 120,
RIEF I FHNCHEER T 2, 85 EDE I DR
MW e b am s kST, dayll DU, BEET O EIE 1Z
BAMER & 225 Te, F D10, SR R 21T -
7z day 21 lZ B W T, KAEMIIRRESHE L T
ZIFHICTH 2 fRe b 5, KB, day 21 IZBW»
T, PBS # 5O KEMEREO X 27 HKfET
Hotz, LienoT, day2l TR 3 &, %
SERIFRBEOFTRIZZ L &0, SREEHD A
A7 S RENRAONZ L Kotz &E 2Tz,
—%, WEHEEPLETOS ADTRIZ, RENHE
L CTHHE SN AR HNZRIL2 H 5 2 L 2R
BLTWw3, Z0D7®, day2l £ Ticd %1k
NEINT, FREGHECAa70EL L TR
anizkEZ T,

R, 1@ MHERAE DFBFHT D 72 CIA £ 7 VD
FBR2AT o To PUARTH SRR R O FERIG R L 0,
e B R CEASRIHZIR 2R L2
2% F > ORHEIX 10 mg/kg/day TH->7z. D
7z, CIAET7 VT, =¥ KAYF U5
10 mg/kg/day ® 1#& L7z, a > b o— VIS
WX ETSEER & AR PBS 2#%5 L7z, CIAET )V
ZBWTYH, =¥ RAYF > 10mg/kg/day 5



TV R RS F Y ORYREIC & B EMAIIEIRNR 327

FEOBIEIA S B0, PBS %58 & L U Tt
RICEBEICEIHER L, 72, BA2EDEZD
REFRFIIZEAL b [ERR I K < HERE L 7z (Fig. 7A, B).
Uz ey, BHEORHRET VICE W
Ty, TV RRAYFrOEERE B EIHR
ERbBEEZONT.

Rz, BELE L LT, RERPICBELR
fHENT~Y Y ACEEREIERIZZED S ko
Tl EBBETIW, ZOIELSIYRRAY TV
WFEHEEOERYE Th 2 Al peEr R S iz,
B, TEHEEOSFICBWT, TV RAZF D
FERIGER DM TO N TV 528, EELEIERIZIZ .
AETE SN TN,

Sl F R Y I o ESRIHIRIR 2w L7z
Z & R ERTE 08, EBITHREES O MEH 423
[HESNTWE L EI DRIERT 572012, I
CD31 i % F v T BEET v R o I P B A A
BRIERE LTz, Z OFER, BRSO CD31
B eI N BRI, = > R A% F > 10 mg/kg/
day #5812 5T PBS # 5.5 & i U T
LTw/ (Fig.8C,D). 2%bhH, = NR¥F
10 mg/kg/day 5 BT, BISTEBAER D
MEFENHES N TS I ENTRBR IR, =
Y RRAY F FIMENEHREG T R —v A%
T2 ENRESNTVE®, 5%, KET IV
WZBWTHIMENEHIZIC 7 B N — ADHES
NTHENEIPRETL, T2 FRYTF U
WO MAEWNEHIACER L T 20 85 M iREs
TLERD L EEZ NI,

KEBTT Y N R F onIMEFHRERHEEL,
BAEIR 2 G L7 2 & 2HERR T E 728, % DOF
TIERABRFIC D W TIRSERET T N & A8 %0,
I RRYF v OIMENEMEO#EERRE R L
Tix, =Y R FrBIMENEHEED a;,
ay AT 7Y ERET ALY, EENT
flansd tifEanTtnws®, RABEHEE T IV
XUARLK LT, avfelA YT 7V T I T=R
N EREG L, BRI GIS LT 2HEDH
30, ZDEI BRI P, TR RAYF UHRINE
N EDA > 5 277D izt U TR L, I
FAENHF SN, ZORE, BRI IH S i
EEEIE D B EEZ N, e, TYRAY T
X7 MMP-2 (matrix metalloproteinase :

MMP) # &M L4 2 MT1-MMP (membrane
type) ZFHEL, 5 12iEHELE L7z MMP-2
fHET 2 LGS N TWw 52, MT1-MMP X1
NI OIS S5 L, IMEETE % F6H
TREELYETH S, %72, MMP-2 b flfust~
Ny 7 ASEREEE L CEERREETHY, B
HiROMITICESE T3 i3 X<MoNnT w3,
Lo, ELIZ Y NAYFUBING
MMP OfER %=L, BIEi% 2306 L 7z ol e
HERIRNETHS, S5k, = KA F
YIZVEGF D vt 7% —T% % KDR/Flt-1 12
EEMIZ/ER L, VEGF OMIFIN Y 7 F W EE %
a7 d 5 EHRE s, VEGF IZBEfiR D
REBICEBER@E 2T 2WETHS. L5 T,
BELxY FAYF 5 VEGF Offi % 2 fH%E
T5Z ek DBARIRZMHIL - TREED b 5.
TERBF LA CH B GRS HRIC OV T O
NT2BEND L, SHOEBRICBNT, =K
AFF v ORK#%E5EIF 10 mg/kg/day TH Y,
FnL o5 8T X 2R IEIIEIZRHT
»bb, Lirl, =¥ KR F 2 HARKEEICE
iR 2 MH T 2 EASRD sl oo, BERE
W % 2 & CRHEIZHNFEIRIEN L Vi< A BT
BN D 5. Be53IcBI L T, &t Kisker &3
Drug Delivery System # LR35 Z LicLbh, =
YRRYF U OREERERS ., BERMCIER
BERY LB LY RAYF v ORHHREIET
YA F D1 H]EEERS LD, TSR
R ERE L7, S, IR 2 ERIGAI
W T, =¥ R AYF ORGSR E X S
WRRET L T LERH B,

V. & B

2EHEOMMIAETNVICBVWTZ Y RAY F
DEFGEREEPO TRAT:, TV FAYF 10
mg/kg/day D4 &5 X v EAfT & I3 AIRI I
bHMBF I b ETFIICER IR S e, 2
OB RIFIRIR ERAMRET T VB L OEMHER
FEET IV E HICERD sz,

F 7z, REMHRREAAT R B W TiE, &Il
JESHE AN R & B BIEHIHIR R D & iz,
INSOFRIFT Y N ALY F > OIMEF EHEE
W & BATEEME DS /RIR S e,
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S, T RAZFUREE) v FOHF LWL 7

HIEEOBERO 121 5 5 L Bbii:.,

Tz 2 2 cifid, THEE - 1R E SRR
RN RIFRE BRI « QG - PIBAEL sy T
FRICE BBz LET. &7z, RIGTREZBY
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FERISEI TR A= BB, ESR
Ber Al T 2EBRBE IR 98 2 > & — SRS iR BT 520
WA B R 5. S 512, AWRIcE
W, ZTHRE WA 2THE & LI FRROEE ST I
HWEL %9, WRERHERIR B ST IeT /199
BTy e, ETEE KRR DNA R
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