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—7, non-obese diabetic (NOD) mouse {3 & 735
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b ENOD= v 2 DMERFFHEREICE VT, THIREDOR
ST AHCNETROGEELZALNTVLALDOR
GAD & insulin Td 3@ #n 00 L NOD< v
2 BWT, HEIRFERBREORE TRIEMGAD Y,
2475 adjuvant &HICGADRT F FA#IRNE 7213
RERENR G 3 2 & T, BEEREIRRETIHIT S L
agecH s ¥, £/, NOD< Y RiC insulin £ 7
12 insulin B chain #5173 T &ic & 2 BERFEHE]
MERELHEINATVLEY, fv2 ) vOZE+—TF
B aMEt TR, BEOHCHUREE LT proinsulin
HEETHHEELONED, w7 AT proinslin
I & proinsulin TEWH 2207 v ¥R ) YHF
L, flaclEifo 7oA v R YBEELTY
%, proinslin T3 EMPRTOHELEL TV B,
proinsulin I 3 BRI RENICHEELTVWS, <
% Z @ proinsulin I @ insulin B chain peptide 9-2
3% = v TG T 5 & FERIF IS S 5 F BT HHIR
BREHELNEHP,

ARETHE, HBATF/ 9ANVR <RI I —-THh
% Ad.mGADS67¥ 7213 Ad.mPreproinsulin I % &%
&7 NOD $p#t3EfmAa = grE i O i NOD <= v 2
BB T 2 C &7, 1 BUERIE IO 5 R &
12 & B FFEHFHEHA T,
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1. AdmGAD67, Ad.mPreproinsulin I OfERK
NODKEE 74 75 ) — & 0 538 L -GAD6TBIZT
KWRERZEOBVWT EEHRL, IhEHVWTT T/
VAR e Ny Y —HRPER LT, 7T/ UANVAEM
BiAAE TR FE, GADBTEIZTA#TPCHEIC LD
2034MBAIC kL A A%, GADETO X7 ¥ — %151,
Ad.mPreproinsulin T O {ERK & [al Kk D H & TIT -

- (2D TV
1 ®(Fig. 1o
Amp mGAD67 cDNA cos
or
mPreproinsulin Il cDNA
==
The expressi id ty Z\ N
E1A.E1B deficient E3 deficient
Digestion by Eco T221 /\ Homologous recombination
Adenovirus DNA-TPC ‘ O™

(Ad5 dix)

l Cotransfection into 293 cells

E1A.E1B deficient E3 deficient
Recombinant adenovirus O=—<=—— » s =0
mMGADE7 cDNA

or
mPreproinsulin Il CONA

CAG promoter
(Cytomegarovirus enhancer, chicken p -actin promoter,
and rabbit p-globin polyA)

Fig. 1. Construction of Ad.mGAD67 and
Ad.mPreproinsulin II.
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ARAREEL G
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i) mGAD6TD R HHHER

Ad.mGAD6T%EMOI: 10T 2 ErHINODSRHEZF A
X, ASRFREEEE L 2RI EIY L 7o, [EUX
U 7o fBaid & = R ) Boss L) B R 1 CHIBaRR R oY
%45y#E L, western blot iZ T mGADET DRI %
L 7o 1RPLEEIC Rabbit 1gG HiGAD65/67HLA
(SIGMA) ZHW, 2IRGIKICT VAN 7+ AT 75—
GG Rabbit 1gG Hifk (SIGMA) 2\ 72,
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Fo—& LT, Ad.LacZZMOL10TREGE X &7 NO
DM (1} 10%E) %HEENOD < v R ~NER#
WL (n=10)
5. Bii< v RIic B 3 EEOMBHIRET
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Table 1. PCR primers for analysis of cytokine expression on pancreatic islets.

Sequence (57 to 3°) Den. Ann. Ext.

IFN-v 5" primer TGAACGCTACACACTGCATCTTGG 94°C 52°C 72°C
3’ primer CGACTCCTTTTCCGCTTCCTGAG
IL-4 5 primer  ATGGGTCTCAACCCCCAGCTA 94°C 52°C 712°C
3 primer  GCTCTTTAGGCTTTCCAGGAAGTC
TCR-CB  5” primer GCAAACAAACAAAAGGCTACCC 94°C 52°C 72°C
3* primer CCACTTGTCCTCCTCTGAAA
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1. NOD#H##EIEMIzIc 81 3 B iR ORE

Ad. mGADGTREGENODIRHESFHERDIE, western blot
HEICTCADSTDREBED St (Fig.)e —H,
Ad.mPreproinsulin [ % &4 & ¥ e NOD#R#E S
(1x10°) D& FiEdh d proinsulin T D HKEE %
ELISAZIC TRISE L foo RRE % 48K 0 Bk
proinsulin O #IHE132.5ng/mlTH - 7248, HHET
%5 Ad.LacZ %Bgrs - ipiEFmiao s Lt
TRAERELT (<0.1ng/ml) TH - 72,
2. B~ RITB T BRERFEFAE OIH

GADG7 F¥# NOD #RHEFHla DK THAENOD =
2T, BBV bo—b e xXT & —(Ad

GADG67 Expression
western blot

Fibro-LacZ

Fibro l Fibro-GAD67

<4 GAD67

Fig.2. Expression of transduced gene products.
NOD fibroblasts were transfected with
Ad. GADG7 at a MOI of 10 for 2 hours.
At 48 hours after transfection, the
expression of GAD67 on NOD fibroblasts
was examined by western blotting.
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LacZ)BGNODARHEZF g D K T ENOD = ¥ Z i
U TRERERER OMIH 2 & o, proinsulin 1T
FHENODRAMEIF MR D K FTBHENOD < v 21icB W\ T
b, GADBTRIL OGS & EREICHE BISHERBFEN
HEZEDH K (Fig.d)e VT DA dKaplan Meier
#iIC & B Logrank Test©= ¥ + v — )V (Ad.LacZ)
KHRTBEEEZ2E D (AdmGAD67:P<0.05,
Ad.mPreproinsulin II:P<0.05),

abetic Incidence
0% ~

- non-Treatment

Transplantation Fibro-LacZ

0% —

Fibro-GAD67
Fibro-proinsulin

1 L |
10w 20w 30w

wk of Age

Fig.3. Diabetic incidence of NOD mice with GAD67
and proinsulin II expressing fibroblast Tx.
At 3 and 5 wk of age,female NOD mice
were transplanted subcutaneously with 1X
10° NOD fibroblasts that were transfected
with Ad.mGAD67(n=10) or Ad.mPreproinsulin
0 (n=10) at a MOI of 10 for 2 hours.
Diabetic incidence of transplanted NOD
mice were monitored until 30 wk of age.
These incidences were analyzed using the
Kaplan Meier method. Diabetic incidence
was apparently reduced in NOD mice
transplanted with Ad.mGAD67 compared
to control with Ad.LacZ(Logrank Test,
P<0.005). In the case of Ad.mPreproinsulin
I, diabetic incidence was also reduced
(Logrank Test, P<0.005).

3. Bi< v 2T B B EEOHEBFEIIRES
GADGTHENOD# 3 il 0 fz FHBNOD < v
2icHid B, 10BIHTOREOHBENRI T, &
BER U T Y ha—b e X2 & —(Ad.LacZ)BERNOD
WO K FHBENOD < v 2 06 L REE D
BEERHED SN, FELOMFERERDISH - 1,
proinsulin 11 FEENODR kIO THHENOD
YREBVWTS, I v e AEEEREOEREIRS
v ohte (Figd)o
4. BEBIZBNEFA MhA v N5 v 2O/
1B OBETOR Y AFERBIBI 534 b i A
v« N5 v 2 QN ART-PCREEIC TfT » 720 GAD
67FBNODRHESMZ O B P ENOD < v 2 T,
BB T DIL-4DBENNMER A58 % /oo proinsulin I ¥
BNODEHEIHMIE O FTHEENOD < ¥ 2T BT,
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100
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Fibro-LacZ Fibro-GAD67

non-Treatment

Fibro-Proinsutin 11

Fig.4. Degree of insulitis in NOD mice with GAD67
or proinsulin II-expressing fibroblast Tx.
At 10 wk of age, degrees of insulitis were
histologically evaluated in NOD mice that
were transplanted with GAD67 or pro-
insulin @I -expressing NOD fibroblasts.A
minimum of 25 individual islets was scored
for 3 mice. The degrees of insulitis were
classified as follows. O:no infiltration, 1:
peri-insulitis, 2:intra-insulitis (<25%), 3:
intra-insulitis  (<50%), 4:severe insulitis
(>50%)

[L-40#iniEm B & FIFN- v EEEE T ER 285 12,
PIE & 9 GADBTM Uproinsulin I FERNODARMEZEHI
faOF THENOD< v 2 Tid, BEERIZH W TTh2E
MDHA ALY e NS YRERLTWVWAREEZ O
#2(Fig.5.)o
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NOD= v zicB8i 5 | BIEIRFO#MIC, ok
IBHIRMBEEREBEEL TV 300 %2FEET ZHE
PEEZLITHO TV S, BRREEFONOD< v 2
WWBWVWT, £ rDOGADEHAO LB ZORTF FiT
M i bIAORINCEET 2EBR T, GADcxt
T3 HOSHERIG RAERBE ORI B O TEEL X T v
TTHBIENRBEINTVS, ThoDHEICLS
EGADREMNThIMED KIGH Z, 4 B#ONOD<
v 2 THRIBTAREE 72 0, 120BEBEEIC 135 b s UG
DIRENTWAN D, FhEol, HIRKFETIXECT
THIRL O YR BRI STEHALCETE L, KiTh 5
) UNEIWEETH L ESRESNTVEED, K
M Tid, 388 &L D GADSTRENODEM M %
NOD<=w 2 ic¥ilid 22 tick h, HEHRERIED
VISR T DR EREE 2 A, 3088 T ORER
RRERICHBELSIHRNIESRD Shic, KERTRI,
Ad.mGAD67IZ & 2 NODERHMEFMIZ~ D&z TEA
2k 0, NOD#RMEZ MO MR TGADSTO R %
MR L 72 (Fig.2.)o NOD#RMEZEMAZOMHCldclass I
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Fibro-LacZ Fibro-GAD67 Fibro-Proinsulin IT

B I I

IFN-7 —p
IL-4 —p

TCR-CS —»

Fig.5. Cytokine expression on pancreatic islets of
NOD mice with GAD67 or proinsulin 1II -
expressing fibroblast Tx.

Pancreatic islets were isolated from NOD
mice at 10 wk of age which had been
transplanted with GAD67 or proinsulin II-
expressing NOD fibroblasts at 3wk and
5wk of age. mRNA was extracted from the
isolated islets, and was reverse-transcribed
to generate cDNA. Evaluation for cytokine
expression was carried out by PCR
analysis. IL-4 expression was increased in
the islets from NOD mice transplanted
with GADG67-expressing NOD fibtoblasts.
In the islets from NOD mice transplanted
with  proinsulin I -expressing NOD
fibroblasts, IL-4 expression was increased
and IFN-7 expression was decreased.

U ETE LIS W 2 B &M O CD8RGH THIE I fL R IR R
I 55, NODRRMEZFHERZ IS professional 72 e
NS TR 75 W 72 B eo-stimulatory signal BSFETE L
B, ZORHDAERICE W THERKRRETHIED
anergy %5 E# I L TWAR[EEM N E L ok, E
BRI EHCREENEREETORTICBVW TS, EES
WESHAPFERTF FERBTE7I5R I Fizk?
TEEITS &, WEWTHINE Xanergy & /2 iddeletion
DORIF N L CREESVNFEI N, HIREITH
INBERESNTLES?, Ui LEXS10BET
DOREEIZa Y bo— =y 2 EEREOHMKEEAE
HoNTEY (Figd.), anergyil & 2 $ERKHFBIEM
HlOEREH BV D EBbhl, INSOBE~ Y
ZDIBEBTORBICBI 244 b A v e N5 U2
STh2EBAITH » 72 2 & & b (Figh.), KETDOGAD
BTRIAIC & b FERFEETh 1M 4 10%] 3 2 Th2fmka
WHREINIEVBEL SN,

1BIERIR 25 2 - 4+ 52 RIBHESGAD D
EOBHETFREREE L CGERT 200 3FRHTH
2, HBHGADRTF Fic AR THIfL 0 —
viEEMEIE L ToRBHEREY, oy o—
¥%ZNOD= v 2 LA L T HERKFORELE RS S
N ol bV HESHEY, COLOAEBRTI
R7FFTRIECGADEHZHEBT L2757/ 910
R ey —%HOTNODY Y RIEHTE7 0 F v
B DO EIREM: 2 MRET L 7o

BlfE ¢ 1 RKEEIEYT 2 BN TGADEH b
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HINOD < » 2 ~NGADEH £ M MIZ 53 5 2 iz &
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WB®, T, BEREIIHICEY 5GADEAD
HEEHCRERIGMEICY L TERTH 5 2 &A9R
Bxhbd, —HTHMMGADEA2RET 77 2
I F % 4~12 B8 ONOD= v 2 ICHANKRS L1 E
BT, GADRRIThIMEL O KIS B
NEFREOEEES| LTV, RfETE, &
WCHWBIGADERET 275 2 3 F &, IL4%RH
T5752I FTAHEBONOD~ Y RIcHEST S &,
GAD#: ZHICDARG M THEIE O SUG 2 ¥E PR 7 1 % 3
BlcHNEld 2 C &M TE D, FESWMBGAD EIL-4
ARBETAE7IRIFTRIOLIBHRRIAD SN
9, GADEHORHMLOEVWOEETHZ I L%
RLTWAD, 1 BIEIRRKE O & N7 H D RERIG
It 2BEF T, GADEH G L IBGADRT F K
DRI & BRERIFIMFHIRSRE S LT B0 B9,
CDEIREB->EREARIERNE LT, GADD
REHROEVELIZGADOREEDOEVHOEET
HbEEZOND, GADICR RN/ ThoMfE % 558
L, BRBEOHEITEIE T 2LDICIZEOEADL
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LBFNER SRV EVWITENSH Y, HRIIC,
NOD< v =izt U TR c R/ DED 7 5 2 3
FDNA%2BRANEHT 5 & T, ERROEHK
MEIHTTRET H » 72 & DIRE L, 3-4B# ONOD~
Y 2B DEDGADR T F FAERRRET 5
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Z bhiz, insulin B chaind LK 3By X7 F F %
Incomplete Freund Adjuvant (IFA) &#£icNOD=
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I, COXIRHEICLB T2 F vEEIEE b 1EE
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Abstract
To evaluate the effect of vaccination by islet-antigen-expressing cells on type 1 diabetes, we utilized

recombinant adenovirus vectors transducing several islet-antigen genes into NOD fibroblasts and tried
to modify the development of autoimmune diabetes in NOD mice, an excellent animal model of human
type 1 diabetes. The expression of GAD67 or proinsulin I was detected in NOD fibroblasts
transfected with Ad. mGAD67 or Ad.mPreproinsulin I by western blotting or ELISA, respectively.
The transfected NOD fibroblasts were subcutaneously transplanted to young female NOD mice.
Diabetic incidence was apparently reduced in NOD mice transplanted with either Ad. mGAD67 or Ad.
mPreproinsulin 1T -transfected NOD fibroblasts, however, these transplanted mice still showed insulitis
as same degree as control mice.Th2 dominant pattern of cytokine expression was observed by RT-PCR
method on the islets from NOD mice transplanted with GAD67 or proinsulin I -expressing
fibrablasts. These results suggest that peripheral expression of GAD67 or proinsulin II in NOD mice
could induce immunoregulatory Th2 cells that down-regulate diabetogenic Thl cells.This experiment

has implications for the application of the treatment for human type 1 diabetes.

(49)



