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1 BUBEPRAR 13, B CSBEAURIC & 0 ¥ B Mg aliE
INFIEICEBLLEZLZOSNTWVWED, ZOEMERAH
X LFWELEAHTH 5, I | BUNERFE OB B0
fafEEME X (1) T #MA8IC & % perforin-granzyme
MLtk 70— v 2 & Fas-FasL (Fas ligand) #
BEALLETRN—=YR (2) A4 bHA vick B
NOZA L -filaGERE O 2B ICKIls N, ¥
IKEERICB 5 BHITEOIIE I3 FE 4 OIEHRERIC &
DEIZEIINBZ T EMWREINT WS, KX,
¥ LWINOS HEAI (ONO-1714) =HWT, NO@E
N LICREEEIIHET 5 C itk b BafEt
HEBHIRBEAMEITE B3 L ES LIt >VTRE LT,
NOD =& ZERIcA ¥ 2 Y/ — <k MIN6NOa =
15mM STZ %1404 20 43 ONO-1714 OIE# K TH;
BEITH -1, STZHEICE D NO OEELENE
FEH LB ONO-1714 3 NO EEEZMEITE L -
7zo —7, MIN6N9a #ifld% ONO-17147F4 Nic IL-I
B, TNF-a & IFN-y THEZBEFGT 3 &
NO EA 135 50% Wb L1z, 1 RUBRIB D ® 7 LB
Th b STZVEHHEIEE <o 2~0 ONO-1714 D
TESHET v o - VBEE R LT, SR E L,
HARRFEHIIC S E S BOBREAAIH L TWic, Thoo
FERIINOEAZN L -MRAEESN 1 BIBERKICE
OB LIMEERED—oTHB I EEREL,
DREBOMFNNIEENOUFEH DD EDTH B &N
RENT,

-

&

[l

1 BRI BES B A v R ) v 24534 3 BHIM
DHIREEHEOERLEZEZ SN TV 5, (Is, 5s, 6R,
TR) -T-chloro-3-imino-5-methyl-2-azabicyclo- [4.1.0]
heptane hydrochloride (ONO-1714) 23 L WiEER
T3V VEMATS - & b5iS170 INOSFHERITH 5,
—BR{LEHR (NO) B—BILERAKER (INOS) i
JOEASH, BBV TRERRI NI
BOAF+ x4 5 -LLTELZLNTED, BL2DH
CRFERBOREREIC NO OMSERESATYL
BUD IS CHBE LS5, b5\ 2 LM
in vitro T% A4 b A4 YEFETIZINOS mRNA #8
HEIN2Y, o OHETIF INOS BREF S+ 1
PAA itk B MESBORRENIIG ZFHIET 2 C
LEREBLTVWRSD ULhl, Iho5OHETH
WoONET I/ FT7=Y v REDHER B FcEE
Thy, BRICHATEZEIITERY, SSITRED
WHRTIEINOS 7/ » 279 b= 2 ((INOS™ mice)
T3 STZ VERFEHS (MLDS) 1Tk 2¥ERKOH
FEMBHIEE N, in vitroT (L)-18 &34 2
VOaWOME IEE N, —F, FAL M AL Vi
&5 BB EE NOFKER AN =Xbitkd b
DTHHEDHESH D0, EBE I - EHEY
EFMZBWVWT S INOS HEAAERBRE KL T
MBERSB L ERESN TV EUD KERT
Trlre MITSHTRETSH 28 LV INOS HER
ONO-1714 ZH W, 18IBERIK{ € 7V T dH /D EHE
STZ#HE~v RicBVTEDREERF L 1,

F—7—F 1 BEERKE, ONO-1714, X b7 FY b ¥ », INOS
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C5TBL/6 = v 2 (8 ##s, HM:) & Charles-River
(Atsugl) »OBA LT, THIRTOFHYEIHEKR
R EEERE THE L/,
MTT assay

NOD =% X3k v 2 ) / — <4k (MIN6N9a)
1237°C, 5% CO, #Z#E F T 10% fetal bovine serum#*
% Dulbecco's modified Eagle's medium (DMEM)
THi#E L foo MIN6N9a flifdid 96-7XHEHE 7 L — (6
X10¢ /well) ZHWVWT 5mM STZ %A 18E:R, %
7243, tumor necrosis factor-a (TNF-a, ENDOGEN
MA USA), interleukin-13(IL-18, ENDOGEN MA
USA) & interferon- v (IFN- 7, Minneapolis MN
USA) #& % 100ng/ml &ML, 0.1xg/ml~10
©g/mlONO-1714 DFFEF T T2h BEEIT- o £
nZh 18 B, 72 B5RI&% &S 4 v £ v bmg/ml
MTT (3-[4, 5-dimethylthiazol-2-yl] -2,-5-diphenyl
tetrazolium bromide SIGMA-ALDRICHCHEMIE
Gmbh) 101 %10, 4hHEEEIT - 720 KiC DMSO
(Dimethyl Sulfoxide) 150 1 ¥ 2oz, E~Xv 7«
VIR THBROMEETRICERS Y, w470
Fr—hY—=FEHVT, L7 7 LY R&ELTE0MM
W, 570 nm OBSEE TRIE L o,
NO Ri%E

MIN6N9a #fi A 3 0.1 # g/ml~100 # g/ml ONO-
1714 &34 15mM STZHEET T 204, 5 0idhk
W3OS A P A A v EINA T2 BEEEE L, 80
wl FiEAREL, 10u! Cofactor &HHEREITEER %
iz, FEiEc3IEEEL L, 3HKEE, 0ulos
) —Z Reagent R1 & R2 2%, ZFiET 10 2KE
L7o 7L — b reader %M L C 540nm THRILEH
EL, EBEMRTES E-BILEROEERLIHEL
7o
STZ S RFEIIES 1 BEREETIZOX

Streptozotocin (FI7t chemicals USA, Inc) 40mg/
kg (AE % 8 BE#E DY C57BL/6 < v 2 ich HREE
SERERENTES L 72, ONO-1714 12 300 1 g/kg AE %
34 AR EARTAS LI, 2vibo—eyRicid
Hanks' Balanced Salt Solulions(HBSS™) % 200 1
o Lz, 35 0% T< v 22 GRS RIE
Lk, 5 HEIRTRTOw Y ZDEBAEFIRL, 10%
TR Y VETCTEEL, 5 7 1 A%, Sum
OB e L, ~TrF v ) vty v (H&E)
THRE L T2,
imEtnE

BRI PHECEEREECRL, BEOEEE
¥SE 13 Mann-Whitney BREICHE » 72, PE<0.05%F
BEEELHEL I,

w R

[ONO-1T14 ic & 2% A b H A vFEHA VR Y/ —
< FHi R 5 o #IHI]

YA MAA VTHESNIA VR — <RI
94 5 ONO-1714 O RAEHFH N5 121, MIN6N%a
#fa% TNF-a(100ng/ml), IL-13(100ng/ml) & IFN-
y (100ng/ml) TH;E L T, MTT RIEEEITE -1
ONO-1T14 It & b STZ i< & AfHgsb il c & 8 -
72 (FigIA), H 4 +H A vick 2 ka3 50%
= N/ (Fig.IB)o

A

Photoabsorption
Photoabsorption

Cyokine

ONO-1TI4 -ooaro0s o1 s 0 cugml ONO-1714 - 1 s 10 (e geml)

Fig 1: ONO-1T14 ic & 5% 1 b #7114 v FHHE MIN6N%a
MrasEoIE ¢ (A) 5 mMSTZ & ONO-1714(0.1-
10 # g/ml) O£ EEE (B)100 ng/ml @ IL-18 +
TNF-a +IFN- 7 & ONO-1714(0.1-10 & g /ml)
D EEE*p<0.01 VS controlo n=10

[ONO-1714 i & %5 NO EEHE O]

ONO-1714ic X 2 %W R AR T 5 e ic —BILER
DOEEHEE% Greiss IS THIE L 720 MIN6N9a flifa
% STZ (15mM) & ONO-1714 7R 20 SHE& L 720
ONO-1714i3 STZ iz & 3 NO DEA MBI TE 155 -
t2(Fig2A) o —7%, ONO-1TI434 1 b A4 vick 3
NO FEAZBEREE I L, ToRKRIRE1Ing
/ml TED s (Fig2B)o
[STZ FHRMERRKICE T 20N0O-1714 OHIHIZHR]

C57BL/6< ¥ iz ONO-1714 & #£ic STZ ##5 L
foo STZ FBHRMEIRINRIESR TI1d ONO-1TI4DE 55
Ta v b a— VLT, FHZSIMEEOIHEIHED
5 h 7z (Figd)o
[STZ i< & 5% 5 BOmE]

STZ % /DE#E% S5 L 72 C57TBL/6 = Z M35H%
ORFTR TS BREm N, NSRS BoA
wEgIhi: (Figdd) » —7%, ONO-1T14#:5 %17
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Bofktw o A TREBHAXBESENED OGN, B
5 BSOS IH S N TV B O & AR S N 72(FigdB)s

sT2 S T T T Cpokites .+ 4 4+ 4 & 4

ONO-1714 - -

Gr b0 10 (grg/mi) ONO-7M - = g ot o1 1 10 100 (ug/m

Fig 2: ONO-1T14ic &k A% A b # 4 »FEE MIN6N%a
HER ok NO ZEE oI © (A)15mM STZ &
0.1-100 ¢ g/ml ONO-1714 @ # K& (B)
100ng/ml @ IL-1 8 +TNF-a +IFN-y & 0.00
1-100 # g/ml ONO-1714 D #:EEE, n=10

70

Control(n=10)

600

500

ONO-1714
Treated(n=10)

*

Blood glucose (mg/dl)

0 -5 5 iO 15 20 25 30 35 ( d
ay)

ST1Z trfatment

Fig 3: STZ FRHBERBF ICB T 3 ONO-1714 iM%
B P<0.01VS 3 ¥ b o=,
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STZ &7 Vv MALFE LT, £ H, O, DEESHE
msEsIEicky, B0 DNA 2BEE LR
EFERIEDIEEZONTVE®, —F, STZ I3k
EHIXNOEEELTEY, STZ iz & 2laEE
NO 65 L TL A HaEH B EZL ShTW5b, LEE
[\] STZ #R5¥ERH (MLDS) (3 B 8 il % —RE
EL, BEOWTHFRORE L BGHEORMEE 725 L
DWW SIS I & 0 BEFRIR A RIES 5 1 Bl
RROEFVEMEEZ SNT WS, HA2OHETIR
# L v INOS B % #| ONO-1714 1 STZ iz £ 3
MIN6N9a HRAAEM: Z M T E I - 7285, H A1 b h
A itk 2HIREE RIS LS, ChE T 1 BFER
WOMBRICHB T 5 B0 BIEREIC NO 25
LTOARIEBREBINTWEYEY 2y —y
B EORBHEREERORBIITEELEh, <o
77— VILEERINOS BEASNTL-TrEF=Uh
5 NOMERSNE, £HIL-18 BEICE - TR
faric &FER NOS BEA SN T NO BE&KkEh 3,
HERICEEL TV EDBEDO NO ZA v 2 Y ik
REEBRTHMELZLTVWREZEISNTVEN, ¥4
FHA vIEEICE > THES 17 INOS 3 S AN IC
RKED NO 2EA L THEMEEBEE.L 6042 &
DHISN TV B Y, KFIC B W THW A INOS [
FHNGA v 2 Y/ —=EP SO A P AL VICKD
NO BEAZHy 50% #HI L ifaEHEw 2 MH Lz &
Mo, HBEFZ ONO-1TILIXBRNIHIE T 2 2 & HRE
INb, ONO-1Tl4ick B3~ v 7 »— U 5D NO
EAOMFEIZSEIOHE TRR L TRV, [k
ML Cwsb I EMREENE, COTBL/6% v 2 3
v o= V3 MLDS 5% SiiE % %4 L, $EIR
Wy 2O S BWIEGNR SN, ONO-1714%

Fig 4: ONO-1714 %512 & 2 SIMEEIHIRNR O BT (HE 44 @ (AHBSS #58 (o v ho—-1)

(B) ONO-1714 # 5
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BE Lk TRavio—VBLHKRLTERR
i ERSMEE N, EFIGIVES BOBRENEYD
SN, MLDS SFHEMERKICB T % NO HIH
OBREEBRT I/ 77 =Y vy RUELNMMA T &
STHHREINTVLA®, SS5TRIEOHER
iNos /" v U A ONEINIIBESTZ I L 5BE
Wi Boh, 4 M4 ik BEEHEIEIL,
EHO STZHE5%0 5 50 HlaEEEHT 5 C
EPESNTVEY, FLLFIOWZE T &/DEHER
#BE STZ&E 7 VAR, INOS blocker 51
TREOREELED 2 VW FHBERES L TVWE D,
L LBEHMRS, 73/ 77=Y v L-NMMA i34
RicdEmEESH O, ARBIGHTER VW, —F, 40
A ONO-17T14 @ & 9 & 275 INOS [HEHR T &
ML TbELTHD, b MIBHTRETH B,
PlE, AW £ v iINOS HEH| ONO-171413 4 1
MAA VITE B NO EZN4 U Bk g mials
EoMHIERTH b, b+ 1 BEERIERETHICS
TS LB 2 ATHEM RIE & Nt
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A study of prevention of Type 1 diabetes by inhibiting iINOS

Zhen 71 Jin

Division of Internal and Geriatric Medicine,Department of Development and Aging

Kobe University Graduate School of Medicine, Kobe, Japan

Abstract
Type 1 diabetes is caused mostly by autoimmune destruction of pancreatic B -cells, whose precise
mechanism is still unknown. Two major effector mechanisms have been proposed ; direct cell-mediated
and cytokine-mediated cytotoxicities. Cytokine-mediated B -cell destruction is presumed to be caused
mainly by nitric oxide (NO) production. This study intended to evaluate whether NO contributes to
animal models of type 1 diabetes by using a newly developed iNOS inhibitor (ONO-1714). We exposed
MIN6N9a cells to STZ for 20min in the presence of ONO-1714. STZ induced a significant increase of
NO production,and ONO-1714 failed to inhibit it. When ONO-1714 was added to insulinoma cells with
IL-18 ,TNF-a ,and IFN-7 NO production was mostly inhibited and cytokine-mediated cytotoxicity was
reduced by about 50% in vitro. Subcutaneous injection of ONO-1714 to multiple low-dose STZ-treated
C57BL/6 mice reduced hyperglycemia and abrogated mononuclear cell infiltration to pancreatic islets.
These results suggest that NO-mediated cytotoxicity is one mechanisnm of the destruction of pancreatic

B -cells in type 1 diabetes, which can be effectively inhibited by a new iNOS inhibitor.
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