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The role of proteasome in pulmonary fibrosis
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The activity of 20S proteasome in bronchoalveolar labage fluid tend to be higher
in the patients with idiopathic pulmonary fibrosis (IPF) than normal subjects or sarcoidosis patients.
Increased proteasome activity suggests a link to fibrotic reaction. In contrast, cigarette smoke-exposed
Tg mice with decreased proteasomal chymotrypsin-like activity showed remarkable air space enlargement and
increased apoptotic cells compared with wild type controls. Impaired proteasomal activity also_enhanced
apoptosis and endoplasmic reticulum stress in cigarette smoke extract (CSE)-exposed fibroblastic cells.



COPD

25 5

COPD

in vitro

BAL

B 5t Tg

BALF

Proteasome-Glo TM assay systems,

Promega 20S proteasome
BALF
1P 36 7
(CVD-1P) 23
Chymotrypsin- 3
Trypsin- Caspase-

1P CVD-1P

Trypsin-
p<0.001, Caspase- p =0.006
17 27
1P
1P 2 Chymotrypsin-
p=0.089
53+ 3 SE
57+ 2 1IP 65% 2 1P
1P BALF
Chymotrypsin-
Chymotrypsin-
1P CVD-1IP
Chymotrypsin-
Trypsin- Caspase-
C57BL/6 T
Tg 5 60
SIS-CS 5 12
Mean linear intercept
Tg WT
TUNEL Tg
WT

Primary mouse lung fibroblast cell line,

fibroblast
PS-341:10nM 32
1%
16
fibroblast
annexin V
primary
Tg WT
fibroblast 1%
Tg fibroblast
WT annexin V propidium
iodide

aggresome formation

ER

glucose-regulated protein 78
Tg fibroblast
caxpase-3

caxpase



8 B 5t-Tg
Wild type 0.05 U
B 5t-Tg
Masson- trichrome
Total
soluble collagen [3 5t-Tg 21
WT
Collagen 3 mRNA WT
B 5t-Tg
37

Kawakami T, Yoon SY, Takeuchi S, Soma
Y, Kuroha S, Yoshida S, Shida H,
Nakazawa D, Tomaru U, Ishizu A. Novel
monoclonal antibodies that recognize

both rat and mouse
phosphatidylserine/ prothrombin
complexes. Mod Rheumatol.2016

26:470-1 doi:  10.3109/14397595.
2015.1054090.

Nakazawa D, Shida H, Kusunoki Y,
Miyoshi A, Nishio S, Tomaru U, Atsumi
T, [Ishizu A. The responses of
macrophages in interaction with
neutrophils that undergo NETosis.J
Autoimmun. 2016;67:19-28. doi:
10.1016/]j . jaut.2015.08.018.

Yoshida T, Yamashita K, Watanabe M,
Koshizuka Y, Kuraya D, Ogura M, Asahi
Y, Ono H, Emoto S, Mizukami T,
Kobayashi N, Shibasaki S, Tomaru U,
Kamachi H, Matsushita M, Shiozawa S,
Hirono S, Todo S. The Impact of
c-Fos/Activator Protein-1 Inhibition
on Allogeneic Pancreatic Islet
Transplantation. Am J Transplant.
2015;15:2565-75. doi: 10.1111/
ajt.13338.

Honma R, Kinoshita 1, Miyoshi
Tomaru U, Matsuno Y, Shimizu
Takeuchi S, Kobayashi Y, Kaga K,
Taniguchi N, Dosaka-Akita  H.
Expression of fucosyltransferase 8 is
associated with an unfavorable
clinical outcome in non-small cell
lung cancers. Oncology.
2015;88:298-308. doi: 10.1159/
000369495.

Tsuchisaka A, Kaneko S, Imaoka K, Ota

 <m

M, Kishimoto K, Tomaru U, Kasahara M,

Ohata C, Furumura M, Takamori S,

Morita E, Hashimoto T. Presence of
autoimmune regulator and absence of
desmoglein 1 in a thymoma in a patient
with pemphigus foliaceus. Br J

Dermatol.  2015;173:268-71.  doi:

10.1111/bjd.13617.

Yamada Y, Tomaru U, Ishizu A, Ito T,

Kiuchi T, Ono A, Miyajima S, Nagai K,

Higashi T, Matsuno Y, Dosaka-Akita H,

Nishimura M, Miwa S, Kasahara M.

Decreased proteasomal  function

accelerates cigarette smoke-induced

pulmonary emphysema in mice. Lab
Invest. 2015;95:625-34. doi: 10.1038/
labinvest.2015.43.

Maki K, Nagai K, Suzuki M, Inomata T,

Yoshida T, Nishimura M. Temporal

changes in glutaredoxin 1 and protein

s-glutathionylation in allergic
airway inflammation. PLoS One. 2015
Apr 13;10:e0122986. doi: 10.1371/
journal _pone.0122986. eCollection

2015.

Nagai K, Makita H, Suzuki M, Shimizu

K, Konno S, Ito YM, Nishimura M;

Hokkaido COPD Cohort Study
Investigators. Differential changes

in quality of life components over 5
years in chronic  obstructive
pulmonary disease patients. Int J

Chron Obstruct Pulmon Dis. 2015
13;10:745-57. doi: 10.2147/
COPD.S77586.

Konno S, Taniguchi N, Makita H,

Nakamaru Y, Shimizu K, Shijubo N, Fuke
S, Takeyabu K, Oguri M, Kimura H, Maeda
Y, Suzuki M, Nagai K, Ito YM, Wenzel

SE, Nishimura M; Hi-CARAT
Investigators. Distinct Phenotypes of
Cigarette Smokers |Identified by
Cluster Analysis of Patients with
Severe Asthma. Ann Am Thorac Soc.

2015;12:1771-80. doi: 10.1513/
Annal sATS.201507-4070C.

linuma C, Waki M, Kawakami A,

Yamaguchi M, Tomaru U, Sasaki N,

Masuda S, Matsui Y, lwasaki S, Baba T,

Kasahara M, Yoshiki T, Paletta D,

Herrmann T, Ishizu A. Establishment of
a vascular endothelial cell-reactive
type 11 NKT cell clone from a rat model

of autoimmune vasculitis. Int Immunol.
2015;27:105-14. doi: 10.1093/intimm/
dxu088.

Honma R, Kinoshita 1, Miyoshi E,

Tomaru U, Matsuno Y, Shimizu Y,

Takeuchi S, Kobayashi Y, Kaga K,

Taniguchi N, Dosaka-Akita  H.



Expression of Fucosyltransferase 8 Is
Associated with an Unfavorable
Clinical Outcome in Non-Small Cell
Lung  Cancers.Oncology- 2015;88:
298-308. doi: 10.1159/000369495.

Shimizu K, Makita H, Hasegawa M,
Kimura H, Fuke S, Nagai K, Yoshida T,
Suzuki M, Konno S, Ito YM, Nishimura
M. Regional bronchodilator response
assessed by computed tomography in

chronic obstructive pulmonary disease.

Eur J Radiol.
S0720-048X.00114-X.
10.1016/j.ejrad.2015.02.022.

2015.  pii:

doi:

Suzuki M, Makita H, Ostling J, Thomsen
LH, Konno S, Nagai K, Shimizu K,
Pedersen JH, Ashraf H, Bruijnzeel PL,
Maciewicz RA, Nishimura M; Lower
leptin/adiponectin ratio and risk of
rapid lung function decline in chronic
obstructive pulmonary disease. Ann Am
Thorac Soc. 2014;11:1511-9. doi:
10.1513/Annal sATS.201408-3510C.

Tsuchisaka A, Kaneko S, Imaoka K, Ota
M, Kishimoto K, Tomaru U, Kasahara M,
Ohata C, Furumura M, Takamori S,
Morita E, Hashimoto T. Presence of
autoimmune regulator and absence of
desmoglein 1 in thymoma associated
with a pemphigus foliaceus patient. Br
J Dermatol. 2014. doi:
10.1111/bjd.13617.

Matsui Y, Tomaru U, Miyoshi A, Ito T,
Fukaya S, Miyoshi H, Atsumi T, Ishizu
A. Overexpression of TNF-a
converting enzyme promotes adipose
tissue inflammation and fibrosis
induced by high fat diet. Exp Mol
Pathol. 2014;97:354-8. doi: 10.1016/
J-yexmp.2014.09.017.

Ando R, Noda K, Tomaru U, Kamoshita M,
Ozawa Y, Notomi S, Hisatomi T, Noda M,
Kanda A, Ishibashi T, Kasahara M,
Ishida S. Decreased proteasomal
activity causes photoreceptor
degeneration in  mice. Invest

Ophthalmol Vis Sci. 2014 3;55:4682-90.

doi: 10.1167/iovs.13-13272.
Hamano R, Baba T, Sasaki S, Tomaru U,

Ishizu A, Kawano M, Yamagishi M,
Mukaida N. Ag and [IL-2 immune
complexes efficiently expand

Ag-specific Treg cells that migrate in
response to chemokines and reduce
localized immune responses. Eur J
Immunol . 2014;44:1005-15. doi:
10.1002/eji.201343434.

21

22

23

24

Araya N, Sato T, Ando H, Tomaru U,
Yoshida M, Coler-Reilly A, Yagishita
N, Yamauchi J, Hasegawa A, Kannagi M,
Hasegawa Y, Takahashi K, Kunitomo Y,
Tanaka Y, Nakajima T, Nishioka K,
Utsunomiya A, Jacobson S, Yamano Y.

HTLV-1 induces a Thl-like state in
CD4+CCR4+ T cells. J Clin Invest.
2014;124:3431-42. doi: 10.1172/

JC175250.
Yoshida T, Nagai K, Inomata T, 1to Y,

Betsuyaku T, Nishimura M.
Relationship  between  neutrophil
influx and oxidative stress in
alveolar space in
lipopolysaccharide-induced lung
injury. Respir Physiol Neurobiol.
2014.191:75-83. doi:

10.1016/j .resp.2013.11.008.

Matsui Y, Tomaru U, Miyoshi A, 1to T,
Fukaya S, Miyoshi H, Atsumi T, Ishizu
A. Overexpression of TNF-a converting
enzyme promotes adipose  tissue
inflammation and fibrosis induced by
high fat diet. Exp Mol Pathol.
2014;97:354-8. doi: 10.1016/
J-yexmp.2014.09.017.

Imamoto T, Nakazawa D, Shida H, Suzuki
A, Otsuka N, Tomaru U, Ishizu A.
Possible linkage between microscopic
polyangiitis and thrombosis via
neutrophil extracellular traps. Clin
Exp Rheumatol. 2014;32:149-50.

Imamoto T, Nakazawa D, Shida H, Suzuki
A, Otsuka N, Tomaru U, Ishizu A. Ag and
IL-2 immune complexes efficiently
expand Ag-specific Treg cells that
migrate in response to chemokines and
reduce localized immune responses. Eur
J Immunol. 2014;44:1005-15. doi:
10.1002/eji.201343434.

Yamada Y, Tomaru U, Ishizu A, Kiuchi
T, Kasahara M, Matsuno Y. Expression
of thymoproteasome subunit [ 5t in
type AB thymoma. J Clin Pathol.
2014  ;67:276-8. doi:  10.1136/
jclinpath-2013-201930.

Tomaru U, Kasahara M. Thymoproteasome:
role in thymic selection and clinical
significance as a diagnostic marker
for thymic epithelial tumors. Arch
Immunol Ther Exp (Warsz).
2013;61:357-65. doi: 10.1007/
s00005-013-0234-1.

31



Syota Miyajima, Utano Tomaru Akihiro
Ishizu, Shizuka Kiuchi and Masanori
Kasahara: Aberrant expression of
proteasomes affects thymic T cell
selection 44

2015.11.18-20

-
104
2015.4.30-5.2
104
2015.4.30-5.2
B 5t 104

2015.4.30-5.2
Shizuka Kikuchi, Utano Tomaru, Saori
Konno, Shota Miyajima, Akihiro Ishizu,
Masanori Kasahara Aberrant
expression of proteasomal 3 5 subunit
affects T cell repertories in the
thymus. 43

2014.12.10
T
103 ANA
2014.4.24
59
2013.11.21

Maki K, Nagai K, Suzuki M, Inomata T,
Yoshida T, Nishimura M. Relationships
between glutaredoxin 1 and cytokine
levels in a murine model of allergic
airway inflammation the European
Respiratory Society®s 23rd Annual
Congress. Internationales Congress
Center Barcelona Spain)2013.9.7

12
2013.6.22

102

¢y

@

®

NAGAI,

40374293

TOMARU,

20360901

2013.6.6

Katsura

Utano



