Taguann
29 30
MWNT-7 TiO,
MWCNT-N
MWNT-7
TiO MWCNT-N
BALF
MWNT-7
MMP12
TiO MWCNT-N
29
NM MWNT-7
1
8
in vivo
30
MWNT-7
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TiO2
2 4 8
1 MWCNT-N
0 4 8
29
12 C57BL/6 5
5x3x4=60
0 1 4
8
T-CNT7
MWNT-7
Taguann MWNT-7
T-CNT7
1

-99-

2mg,//m. 1 2 1 x5
10
0.83%
(SR-0OT1851C, TERUMO) Iml
SS-01T , TERUMO 1ml
PBS

fluorescein isothiocyanate  FITC,
phycoerythin : PE, Peridinin chlorophyll
protein-cyanin 5.5 : PE-Cy5.5, PE-cyanin 7 : PE-Cy7,
alophycocyanin - APC, APC-Cy7

CD3, CD4, CD8, CD19, CD45.2,

CD11b, F4/80, CCR2 (CD192), CD206, CD36,
CD163 eBioscience, San Diego, CA

0.9%-PFA-PBS

FACSCant BD Biosciences

RT-PCR
RNAIlater
RNA
cDNA
PCR mMRNA
7300 Real-Time PCR
System (Applied Biosystems) CD204,
forward, 5-TGGTCCACCTGGTGCTCC-3’, and
reverse, 5'-ACCTCCAGGGAAGCCAATTT-3";
MARCO: forward, 5'-
AGAAAGGGAGACACTGGAAGC-3', and reverse,
5'-CCTCTGGAGTAACCGAGCAT-3"; CD36:
forward, 5-TGGCCTTACTTGGGATTGG-3', and
reverse, 5-CCAGTGTATATGTAGGCTCATCCA-3';
SRB1: forward, 5-GGCTGCTGTTTGCTGCG-3',
and reverse, 5-CTGCTTGATGAGGGAGGG-3';



F4/80: forward,
5'-CTTTGGCTATGGGCTTCCAGTC-3, and reverse,
5'-GCAAGGAGGACAGAGTTTATCGTG-3’; CD68:
5'-TCTTGGGAACTACACGTGGGC-3',
5'-CGGATTTGAATTTGGGCTTG-3;

forward,

and reverse,

iNOS: forward,
5'-CTGCAGCACTTGGATCAGGAACCTG-3' and
reverse, 5'-

GGGAGTAGCCTGTGTGCACCTGGAA-3;
MMP-12: forward,
5'-TGGTATTCAAGGAGATGCACATTT-3' and
reverse,
5'-GGTTTGTGCCTTGAAAACTTTTAGT-3'; B-actin,
forward, 5'-GTGGGCCGCTCTAGGCACCA-3', and
reverse,
5'-CGGTTGGCCTTAGGGTTCAGGGGG-3'.
BALF —80°C
uL Mouse
Biorad

IL-1a, IL-1P,
IL-2, IL-4, IL-5, IL-6, IL-10, IL-12 (p40/p70), ,IL-13, ,
IL-17, GM-CSF, IFN-y, 1P-10, KC, MIG, MCP-1,
MIP-1a, , TNF-a, VEGF, FGF basic

cytokine 20-plex

30

12 C57BL/6 6
T-CNT7
T-TiO,

MWNT-7, TiO, (AMT-600)
MWNT-7
AMT-600

MWNT-7 T-CNT7 3mg/m?,
AMT-600 T-TiO, 30mg/m?

Taquann
2hr/day/week 5
2hr/day/week 5

0.83%

(SR-OT1851C, TERUMO) Iml
SS-01T , TERUMO Iml

PBS

fluorescein isothiocyanate  FITC,
phycoerythin : PE, Peridinin chlorophyll
protein-cyanin 5.5 : PE-Cy5.5, PE-cyanin 7 : PE-Cy7,
alophycocyanin - APC, APC-Cy7

CD3, CD4, CD8, CD19, CD45.2,
CD11b, F4/80, CCR2 (CD192), CD206, CD36,
CD163 eBioscience, San Diego, CA

0.9%-PFA-PBS

FACSCant BD Biosciences

RT-PCR
BALF RNAlater
RNA
cDNA
PCR
mMRNA
Real-Time PCR System (Applied Biosystems)
CD204;
5-TGGTCCACCTGGTGCTCC-3', reverse,
5'-ACCTCCAGGGAAGCCAATTT-3’, Cal 1V; forward,

5'-ATGCCCTTTCTCTTCTGCAA-3',

7300

forward,

reverse,
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5'-GAAGGAATAGCCGATCCACA-3/, GM-CSF;
-CCTGGAGCAAGTGAGGAAGA-3',
reverse, 5-CAGCTTGTAGGTGGCACACA-3', IL-6;
5'-GATGGATGCTACCAAACTGGAT-3/,
CCAGGTAGCTATGGTACTCCAGA-3’,

IL-33; forward, 5-ATTTCCCCGGCAAAGTTCAG-3,

forward, 5'

forward,

reverse, 5'-

reverse, 5-AACGGAGTCTCATGCAGTAGA-3,
MMP12; forward,
5'-TGGTATTCAAGGAGATGCACATTT-3, reverse,

5'-GGTTTGTGCCTTGAAAACTTTTAGT-3', TIMP-1;
GCAAAGAGCTTTCTCAAAGACC-3,
reverse, 5'- AGGGATAGATAAACAGGGAAACACT-3/,
VEGF; forward, 5-CTGTGCAGGCTGCTGTAACG-3’
reverse, 5'-GTTCCCGAAACCCTGAGGAG-3', B-actin;
forward, 5-GTGGGCCGCTCTAGGCACCA-3', and
reverse,
5'-CGGTTGGCCTTAGGGTTCAGGGGG-3'.

forward, 5'-

1
12 C57BL/6 6
MWCNT-N/30
CNT
MWCNT-N
Taguann

MWCNT-N 0, 1.0, 3.0 mg/nrf 2hr/D/Wx5w Total
10hr

0.83%

(SR-OT1851C, TERUMO) Iml
SS-01T , TERUMO Iml

PBS

fluorescein isothiocyanate  FITC,
phycoerythin : PE, Peridinin chlorophyll
protein-cyanin 5.5 : PE-Cy5.5, PE-cyanin 7 : PE-Cy7,
alophycocyanin - APC, APC-Cy7

CD3, CD4, CD8, CD19, CD45.2,
CD11b, F4/80, CCR2 (CD192), CD206, CD36,
CD163 eBioscience, San Diego, CA

0.9%-PFA-PBS

FACSCant BD Biosciences

RT-PCR
BALF RNAlater
RNA
cDNA
PCR
MRNA
Real-Time PCR System (Applied Biosystems)
IL-6; forward,
5'-GATGGATGCTACCAAACTGGAT-3,

CCAGGTAGCTATGGTACTCCAGA-3/,

7300

reverse, 5'-

MMP12;
5'-TGGTATTCAAGGAGATGCACATTT-3,
5'-GGTTTGTGCCTTGAAAACTTTTAGT-3',
5'-GGCTGCTGTTTGCTGCG-3,
and reverse, 5-CTGCTTGATGAGGGAGGG-3';
forward, 5'- AGAAAGGGAGACACTGGAAGC-3,
and reverse, 5-CCTCTGGAGTAACCGAGCAT-3;
Cox2,
AGGAGACATCCTGATCCTGGT-3', and
5'-GTTCAGCCTGGCAAGTCTTT -3';B-actin;
forward, 5-GTGGGCCGCTCTAGGCACCA-3’, and

forward,
reverse,

SRB1: forward,

forward, 5'-

reverse,
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reverse,
5'-CGGTTGGCCTTAGGGTTCAGGGGG-3'.

BALF -80°C
5uL Mouse cytokine
Biorad

L-1 alpha, IL-1 beta,
IL-2, IL-4, IL-5, IL-6,IL-10, IL-12 (p40/p70), IL-13,
IL-17, GM-CSF, IFN-y, IP-10, KC, MIG MCP-1,
MIP-1 alpha, TNF- apha, VEGF, FGF basic

20-plex

29
C57BL/6 12 MWNT-7
H29 5
H29 MWNT-7 0
CD11c CD11b (BALF)
CD11c*CD11b-
CD11c*CD11b* CD11c CD11b
MWNT-7
CD11b
F4/80 MWNT-7
H20 2 H29 3A
BALF
H29 3A
M1/M2
H20 3A
BALF
H29 3B
H29 2
3B
H29 B
M1 H29
3B
H29 2

4A

H29  4A
M1M2
H29 4A
MWNT-7
H29 2 H29 4A
M1M2 M1
H29 4B
MWNT-7
~8 H29 5A
0—8
H29 5B
1
H29 G5B
H29 ©6A
H29 ©6A M2
H29 6B
MWNT-7
CD36 CD163
H29 8
MMP12
MRNA RT-PCR
MWNT-7 CD204 MARCO iNOS
MRNA H29 O9A
MARCO mRNA 9B
CD204 iNOS mRNA 9C
MMP12 mRNA
MWNT-7
BALF
4
VEGF IL-12
MWNT-7
H29 10
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B CDAT

CD8T T-CNT7
H29
11A H29 11B CD4  CDST
CD44/CD62L
MWNT-7 H29
12A 12B
MWNT-7
H29 13A H29 13B
M1/M2
CD192/CD206
MWNT-7 H29
14A M1
M2 H29 14B
BALF
MWNT-7
H29 15A,B,C
30
C57BL/6 12 MWNT-7
TiO;
H30 A
6
BALF
FSC/SSC
CD3 CD19 7AAD"
CD11¢/CD11b
AM E M
H30 1B AM CD192/CD206
M1(CD192) M2(CD206)
H30 1B
F4/80 CD1lb
F4/80*CD11b"
MWNT-7
F4/80*CD11b* CD11bfish
M1

BALF

MWNT-7

AM
H30

MWNT-7

alive
MWNT-7
2A
H30
H30

2A  TiO,

MWNT-7
CD11b—F4/80*
TiO
CD11b*F4/80*
H30

F4/80*

CD206*

2A
BALF
MWNT-7
1 CD206*
M2 4
H30 2B,C MWNT-7 4
2C
MWNT-7 CD11b*F4/80*
H30 2D

8 H30
3A TiOz 8
H30 3A MWCNT-7
4 8
H30
MWNT-7

3A

H30 3B
MWNT-7 4
8 H30 3C

M2
TiO 8
H30 4B
CD11b*F4/80*

M1
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TiO> 8

H30 B MWNT-7
0o 1 4
H30 4A
CD36
20 1
H30 5A TiO,
CD36
1 H30
5A MWNT-7
H30 5A CD11b*F4/80*
CD36
1
H30 5B 0 TiO,
MWNT-7 CD36
H30 B5A,B
CD163
5
H30 6A,B
BALF
mMRNA RT-PCR
MWNT-7 MMP12
TiO;
MWNT-7 0 1
4 8
H30
7A
CD204 MWNT-7
1 4
H30 7B
mMRNA
MMP12mRNA MWNT-7 1
H30 8A CD204mRNA
TiO, 1
H30 8B MWNT-7

H30 8B

GM-CSF mRNA

1
9A IL-6 mRNA
MWNT-7 1
H30 9B
TiO
H30
Col IV mRNA

H30
TiO2

TIMP-1 mRNA
1
11A  VEGF mRNA

1 H30

IL-33 mRNA
MWNT-7 1
10A

H30

TiO2
BALF

H30
VEGF

MWNT-7 8
H30
IL-4
BALF
IL-6 MRNA
H30
MMP12 mRNA
CD206 mRNA
H30 2A
F4/80 mRNA
H30

PCR
MARCO
-104-

1A 1B

MWNT-7

MWNT-7
H30
TiO2

10B
MWNT-7
H30

11B

MWNT-7

H30

BALF

MWNT-7

IL-12
IL-12

1B TiO

H30 1B

MMP12 mRNA
MWNT-7
2A
IL-6 mMRNA F4/80 mRNA

TiO2

MWNT-7
CD206 mRNA
2A

BALF
CD204



H30
CD36 mRNA
2B
MRNA

H30 2B

SRB1

2B
TiO2

CD68

Cox2 mRNA

MWNT-7

2C

MWNT-7

IL-6 mRNA
MWNT-7 1
H30
CD206 mRNA
H30

CD204 mRNA

MWNT-7
H30
MARCO mRNA
1
p 0.05
TiOz
H30
MRNA

iNOS mRNA
MWNT-7
H30 3C Cox2

MRNA
MRNA AMT-600

3C

C57BL/6 12

MWCNT-N

H30

14 MMP12 mRNA

H30 3A
TiO2

3A  F4/80 mRNA

3A

TiO2

3B

MWNT-7
H30 3B

CD36 mRNA
MWNT-7 1

SRB1 CD68

H30 3B

Cox2

MWNT-7 1
H30

MWCNT-N

Rl 4 6

BALF
FSC/SSC
CD3 CD19 7AAD"
CD11c/CD11b
AM E M
Rl 5 AM CD192/CD206
M1(CD163) M2(CD206)
R1 5
F4/80 CD11b
Rl 5
BALF
0
alive
R1 6 7 1
BALF
Rl 6 8
4 8
Rl 6 9 10
R1I 11
CD36,
CD163, CD206
8 CD206
MWCNT-N
R1 12
BALF
SRB1, MARCO mMRNA
RT-PCR
MARCO MWCNT-N
R1 13
SRB1 mRNA 0 4 8
MWCNT-N
R1 13 MARCO
SRBIMRNA MARCO
1 2 MWCNT-N
0
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SRB1

0

Cox2 mRNA

MWCNT-N
R1 15

MMP12

PLosOne BALF

RT-PCR

MWCNT-N 1

R1 16

MWCNT-N

BALF

VEGF 1

29
MWNT-7
CD11blow

CD11phion
MWNT-7

MRNA

MMP12

MWNT-7

R1 14
MWCNT-N
R1 14
IL-6, Cox2
MWCNT-N

Otsuka el al. 2018
MMP12 mRNA
0

MMP12 mRNA

R1 16

MWCNT-N
R1 17

M1M2
MWNT-7

MRNA

28

MWNT-7

MMP12
MWNT-7

MWNT-7

30
TiO2
MWNT-7

MWNT-7
TiO2

TiO2

MWNT-7

MWCNT-7

CD11b"o" F4/80*
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IL-12
BALF

B6

Taguann

BALF

MMP12

VEGF

MWNT-7

BALF

TiO2



MMP12
Otsuka et al. PL0S One, 2018

CD11bhigh CD11b* MWNT-7 1 GM-CSF
T-CNT7 IL-6mRNA BALF
TiO2
MWNT-7 IL-33 mMRNA
BALF
CD11bhigh TIMP-ImRNA
MWNT-7
1
IL-13 MWNT-7 TiO,
BALF
TiO> MWNT-7 VEGF [L-12 IL-4 MWNT-7
VEGF IL-12
CD36 TiO2
BALF MMP12 mRNA
MWNT-7
BALF MWNT-7 TiO; MMP12 mRNA
MMP12 CD204 mRNA
MMP12 Cox2 MWNT-7
MWNT-7 TiO2
MMP12 MWNT-7  TiO;
CD204
CNT
BALF
MMP12 CD204 mRNA MWCNT-N
Taqquan
0 1 4 8
BALF
TiO, CD204 mRNA MWCNT-N
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BALF MWCNT-N
H29
H30 MWNT-7
BALF
MWCNT-N
MWCNT-N  MWNT-7
BALF
F4/80,
CD11b*F4/40*, CD11b F4/80*
MWCNT-N
MWNT-7
BALF
MARCO SRB1
mMRNA MWCNT-N
MMP12
BALF MMP12
mMRNA MWCNT-N
MWNT-7 BALF mMRNA
100
MWCNT-N 10
MMP12
BALF
VEGF MWNT-7
VEGF

-108-

MWCNT-N

MWCNT-N MWNT-7
29
MWNT-7
MWNT-7
M1I/M2
30
BALF
BALF
1
MWNT-7 TiO;



MWCNT-N
MWCNT-N
MWNT-7
MWCNT-N
MMP12
MWNT-7
MWCNT-N
MWCNT-N
VEGF
F
G

Tada H, Fujiwara N, Tsunematsu T, Tada Y,
Arakaki R, Tamaki N,_ Ishimaru N, Kudo
Y. :Preventive effects of mouthguard use while
sleeping onrecurrent aphthous stomatitis: Preliminary
intervenetional study. Clin Exp Dent Res. 2017
3:198-203

Kurosawa M, Arakaki R, Yamada A, Tsunematsu
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migratory activity of memory T cells by regulating

expression of CXCR4 in a mouse model of Sjogren’s
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lzawa T, Arakaki R, Ishimaru N.: Role of Fas and
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106
2018 4 28

Ushio A, Arakaki R, Yamada A, Otsuka K,
Kujiraoka S, Tsunematsu T, Kudo Y,_Ishimaru N: A

unique macrophage subset of the target organ in a
murine model of Sjogren’s syndrome 106
2018 4 28

Otsuka K, Yamada A, Saito M, Ushio A,
Kurosawa M, Kujiraoka S, Tsunematsu T, Kudo Y,
Arakaki R, Ishimaru N: Analysis of follicular helper T

cells in a mouse model for Sjogren’s syndrome.
106 2018 4 28

i DRI ~ B CLAIR BE O R 72 7o o N a ~
59
2018 9 18

Otsuka K, Yamada A, Saito M, Ushio A,
Kujiraoka S, Tsunematsu T, Kudo Y, Arakaki R,
Ishimaru N: Analysis of follicular helper T cellsin a
mouse model for Sjogren’s Syndrome. 46

2017 12 13

Ushio A, Arakaki R, Yamada A, Otsuka K,
Kujiraoka S, Tsunematsu T, Kudo Y, Ishimaru N : A

unique macrophage subset of the target organ in a

murine model of Sjogren’s syndrome 46
2017 12 13
Naozumi_ Ishimaru, Mie Kurosawa, Rieko

Arakaki, Aya Ushio, Kunihiro Otsuka, Yasusei Kudo:
Contributions of CXCL12 and its receptor to the T

cell autoimmune response in a Sjogren’s syndrome
murine model. 14th International Sjogren’s Syndrome

Symposium, Washington DC, April 18-21, 2018

Ava Ushio, Rieko Arakaki, Kunihiro Otsuka,
Akiko Yamada, Yasuse Kudo,

Ishimaru: CCL22-producing resident macrophages

and Naozumi

enhance autoimmune lesions in a mouse model of

Sjogren’s syndrome. 11th International Congress on

Autoimmunity, Lisbon, May 16-20, 2018

Kunihiro Otsuka, Akiko Yamada, Masako Saito,
Satoko Kujiraoka, Aya Ushio, Takaaki Tsunematsu,
Rieko Arakaki, Yasusei Kudo, Hidehiro Kishimoto,

Naozumi Ishimaru: Analysis of follicular helper T

cells in a mouse model for Sjogren’s syndrome. 11th
International Congress on Autoimmunity, Lisbon,
May 16-20, 2018

Rieko Arakaki, Mie Kurosawa, Akiko Yamada,
Aya Ushio, Satoko Kujiraoka, Kunihiro Otsuka,
Takaaki Tsunematsu, Y asusei Kudo, Jonathan Sprent,
NF-xB2 Controls the

and Naozumi Ishimaru.:

Migratory Activity of Memory T Cells to the Target
Tissues in a Mouse Model of Sj¢gren’s Syndrome by
Regulating Expression of CXCR4. 11th International
Congress on Autoimmunity, Lisbon, May 16-20, 2018

107
2018 6 23
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Tsunematsu T, |Ishimaru N, Kudo Y:
APC/C-Cdhl-mediated degradation of Boredlin
IL-33 triggers differentiation of pluripotent stem cells.
107 2018 6 FASEB meeting "Ubiquitin and Cellular Regulation”
23 Snowmass Village, CO, USA, June 22, 2018
CCL22
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23 T 17
2018 6 30
T 107
2018 6 23 T
37 2018
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Notch , ; ) ,
107 2018 .6 , ; , '
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2018 8 2324
DNA CDT1
107 —
2018 6 23 Ascl2 T
29 2018 8
25-26
Emil
107 2018 6 23
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2018 9 14-15
. CCL22
27 2018
9 1415

Kunihiro Otsuka, Akiko Yamada, Aya Ushio,
Rieko Arakaki, Takaaki Tsunematsu, Masako Saito,
Impairment of the

Y asusel Kudo, Naozumi Ishimaru

differentiation into follicular helper T cell through
Ascl2 enhances autoimmune lesions in a mouse model
for Sjogren's syndrome. 2018 Tokushima Bioscience

Retreat 2018 9. 0-22

Kunihiro Kunihiro, Akiko Yamada, Masako
Saito, Aya Ushio, Takaaki
Arakaki, Yasusei Kudo, Naozumi Ishimaru: A crucial

Tsunematsu, Rieko

role of follicular helper T cells in autoimmunity of a
mouse model for Sjogren's syndrome. 47
2018 12 10-12

Aya Ushio, Rieko Arakaki, Kunihiro Otsuka,
Akiko Yamada, Yasusei Kudo,
Ishimaru: CCL22-producing macrophages promote T

and Naozumi

cell autoimmunity in the target organ of Sjogren's
syndrome. 47 2018

12 1012

Rieko Arakaki, Shinichiro Nakayama, Aya Ushio,

Tsunematsu, Akiko Yamada, Yasusei Kudo, Naozumi

Ishimaru: The role of the cleaved form IL-33 in

pathogenesis of Sjogren’s syndrome (SS). 47
2018 12 1012
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Ushio A, Arakaki R, Yamada A, Otsuka K,
Kujiraoka S, Tsunematsu T, Kudo Y, Ishimaru N: A

unique macrophage subset of the target organ in a

murine model of Sjogren’s syndrome 106
2018 4 28

Otsuka K, Yamada A, Saito M, Ushio A,
Kurosawa M, Kujiraoka S, Tsunematsu T, Kudo Y,
Arakaki R, Ishimaru N: Anaysis of follicular helper T

cells in a mouse model for Sjogren’s syndrome.

Kunihiro Otsuka,  Satoshi Kisoda, Takaaki

106 2018 4 28
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Scavenger receptor in alveolar macrophages
80~

60+

Positive cells ( %)

0w 1w 4w 8w Ow 1w 4w 8w Ow 1w 4w 8w
CD36 CD163 CD206
® Control ® MWCNT-M low 4 MWCNT-N high

RE% 0~8BEBTOREvsO7 7 —JItBHARARY Y v —
S84k (CD36,CD163,CD206) MFEBFE A 7O0—H A b X —&|ZTHE
L, ThFhoEBEE2EY L EXRE=TRT (n=3) ,

-148-



R1
1 3.BALFHREIC BT B A ARV D v — AR

15 MARCO 207 SRB].

!
i
il

expression
expression
g

Fold change mRNA
Fold change mRNA

&

>

é St N !ﬁé

A Bw

L]
T -

BALFMIRRIC BT B2 X ARV Y v —FBRAEMRNARIRIZE L T, E2RT-
PCRICTHRE L e FHEEBEREICTRT (n=3) ,

14 BB ITFIZRARV Y ¥y —F B
«  +x MARCO

.

expression

Fold change mRNA
L

Fold change mRNA
expression

0.54

FitEfiIc B T DR AR P v —RBEmRNAFEIRICEI L T, EERT-PCR
ICTRE L7z, FH+EERFEICTRT (h=3) . *p<0.05, **p<0.005,

vs control.

-149-



15.fEfkICE THBILX b L ABEEBEEGF

Fold change mRNA
expression

IL-6

Fold change mRMA
expression
L]

at

é

i a i

i

FofAfEic 7 2B X b L ABEGEEEFmRNAFEIR 1C
B9 L T, EERT-PCRICTIRET L7, I iERREIC
Txd (n=3) ., *p<0.05,vs control.

-150-

R1



R1
1 6.BALFiifEZ & L U FRH#EELIC B 17 2MMP12 mRNAF IR

§ BALF  «con § Lung tissue
E W MWENT-N low g e & Condrd
g_ ™ & MWENT-N high 3 * * i :mg’mm
3 - g - 8
.; 124 n g
i

% PP

o fral a
i ﬂ-‘ aw w '? 2

BALFAlfE + & URH#EMIC 5 17 2MMP12 mRNARRICEEL T, £
RT-PCRICTHRRES L /-, FHEIRHEREICTRT (BALF: n=3, Lung
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