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In order to identify the candidate molecules for the development of the effector
cell-targeted treatment for the inhibition of type 1 diabetes, we have developed IL-17/1FN-gamma
receptor-double-deficient, Granzyme B-deficient, IRF4-deficient NOD mice. IL-17/IFN-gamma R
double-deficiency significantly suppressed the development of diabetes, while independent deletion of
IL-17 or IFN-gammaR did not alter the disease susceptibility in NOD mice. Granzyme B-deficient NOD mice
spontaneously developed diabetes with similar kinetics to wild-type NOD mice. Diabetes/insulitis and
autoantibodx production were completely suppressed in IRF4-deficient heterozygous as well as homozygous
NOD mice. These suggest that the an IRF4-targeted strategy may be useful for modulating autoimmunity in
type 1 diabetes.

1 NOD IRF4



1
B
T
CD4+T CD8*T
B
T
Interferon regulatory facter(IRF)
Q) CD4+T
1 CD4+T
IFN-y Thi
IL-17 Thi7
NOD
IFN-y IL-17
2 CD8*T
CD8*T B
1
perforin/Granzyme B B
NOD
perforin
/Granzyme
B
3)
1
T B
IRF4
1
NOD
/
1
NOD
(1) CD4*T
IL-17 IFN-y
IL-17 NOD IFN-y
NOD
NOD phenotype
IL-17 NOD

NOD

(2) CD8*T
Granzyme B C57/BI6
Granzyme B
NOD
NOD Granzyme B
phenotype
®3)
IRF4 C57/BI6
IRF4
NOD NOD
IRF4
phenotype
()IL-17 IEN-y
NOD
IL-17 NOD
NOD 24
50
IL-17/IFN-y
NOD
IL-17 NOD
(p<0.05) IL-17/IFN-y
12
NOD
T B
T
Tregs

100

80 A

60 -

40 -

% Diabetes-free

B wt-NOD (n=16)

20 14 11-17 KO-NOD (n=20)
o LA DKO-NOD(n=21)
0 10 20 30 40 50
Age (weeks)
(2)GranzymeB NOD

Granzyme B(GzmB) NOD

GzmB

GzmB NOD
100 |
14'@" = GzmB+/+ n=47
1 /- n=
80 n - .GzmB-/- n=44
= 60
=)
<
2 40
S
20
o
0 8 16 24 32 40 48

Age(weeks)



(3)IRF4 NOD
IRF
NOD
IRF4 NOD
T
IRF4
8
1 1

57(2) 2014 108-112
J Yasui, M Nakahara, M Shimamura, T
Kurashige, A Yasui, N Abiru, A
Kawakami, Y Nagayama. Minor
contribution of cytotoxic t lymphocyte
antigen 4 and programmed cell death 1
ligand 1 in immune tolerance against
mouse thyrotropin receptor in mice. Acta
Medica Nagasakiensia 59(2)
2014 13-17
E Kawasaki, M Tanaka, M Miwa, N
Abiru, A Kawakami. Novel
enzyme-linked immunosorbent assay for
bivalent ZnT8 autoantibodies. Acta
Diabetol. 51(3) 2014 429-434
E Kawasaki, J Yasui, M Tsurumaru, H
Takashima, T lkeoka, F Mori, S
Akazawa, | Ueki, M Kobayashi, H
Kuwahara, N Abiru, H Yamasaki, A
Kawakami. Sequential elevation of
autoantibodies to thyroglobulin and
glutamic acid decarboxylase in type 1
diabetes. World J Diabetes. 4(5)
2014 429-434
G Kuriya, T Uchida, S Akazawa, M
Kobayashi, K Nakamura, T Satoh, |
Horie, E Kawasaki, H Yamasaki, L Yu, Y
Iwakura, H Sasaki, Y Nagayama, A
Kawakami, N Abiru. Double deficiency
in IL-17 and IFN-y signalling
significantly suppresses the development
of diabetes in the NOD mouse.
Diabetologia. 56(8) 2013.
1773-1780
M Kobayashi, C Kaneko-Koike, N Abiru,
T Uchida, S Akazawa, K Nakamura, G
Kuriya, T Satoh, H Ida, E Kawasaki, H
Yamasaki, Y Nagayama, H Sasaki, A
Kawakami. Genetic deletion of granzyme
B does not confer resistance to the

development of spontaneous diabetes in
non-obese diabetic mice. Clin Exp
Immunol. 173(3) 2013 411-418
M Nakahara, K Johnson, A Eckstein, R
Taguchi, M Yamada, N Abiru, Y
Nagayama. Adoptive transfer of
antithyrotropin receptor (TSHR)
autoimmunity from TSHR knockout
mice to athymic nude mice.
Endocrinology. 153(4) 2012
2034-2043

Y Nagayama, M Nakahara, M
Shimamura, I Horie, K Arima, N Abiru.
Prophylactic and therapeutic efficacies of
a selective inhibitor of the
immunoproteasome for Hashimoto's
thyroiditis, but not for Graves'
hyperthyroidism, in mice. 168(3)
2012 268-273

18
IL17/IFN-y
NOD
phenotype .29
27 2
13

NOD 12

IL-17/IFN-y
NOD
phenotype 12 1
26 11 1
IL-17/IFN-y
NOD
phenotype 57
26 5 21
IRF4

11 1
25 10 26

IL-17/IFN-y

56
25 5 16

IRF4
56

25 5 16

Interferon regulatory



factor-4(IRF-4) NOD

27
25 2 22 JA (
)
IL-17/IFN-y
NOD
27
25 2 22 JA (
)
IRF-4
10 1
24 11 3
IL-17/IFN-y
NOD
10 1
24 11 3
1
intervention
- 50
24 10 19

Generic Deletion of Granzyme
B Done Not Confer Resistance to the
Development of Spontaneous Diabetes in
NOD Mice. FOCiS 2012
24 6 20 Vancouver Canada

Generic Deletion of Granzyme
B Done Not Confer Resistance to the
Development of Spontaneous Diabetes in
NOD Mice. 12th International
Conference on the Immunology of
Diabetes 24 6 15
Victoria Canada

Interferon regulatory factor 4
silencing suppresses type 1 diabetes in
the non-obese diabetic mice. 12th
International Conference on the
Immunology of Diabetes
24 6 15 Victoria Canada

IL-17/IFN-gamma receptor
double-knockout significantly suppresses
The development of diabetes compared
to the IL-17 single-knockout in the NOD
mouse. 12th International Conference on
the Immunology of Diabetes

24 6 15 Victoria (Canada)
IL 171IFN-y R

NOD

55
24 5 17

IRF 4 NOD

55
24 5 17

2
2015
13-19
2012 352-345
O
O
@
ABIRU, Norio
00380981
@
AKAZAWA, Satoru
( )
50549409
©)



