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Clarification of the mechanism of functional impairment of macrophages in sepsis
and development of novel therapeutics
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Sepsis in elderly patients is associated initially with severe systemic
inflammation, but later followed by immuno-suppressive state, which increases the risk of secondary
infection. In this study we investigated the mechanism of sepsis-induced immuno-suppression and,
based on the mechanism, aimed to established therapeutic strategy to reinstate impaired immune
functions. Analysis of macrophages in mice with sepsis revealed that macrophages shifted to a low
bactericidal phenotype (M2 type). Presentation by macrophages to T cells of antigenic peptide
derived from phagocytosed bacteria is essential for mounting adaptive immune responses. We have
established a screening assay system to select compounds that can facilitate antigenic peptide

loading onto macrophages.



)
)
(MHC class I,
HLA)
@
(CLP)
( )
PCR
24
(FACS)
(2 HLA/MHC [
MHC N«
DRA B DRBI
4 (0101, 0405, 0901, 1501)
3T3
MHC
MHC
96
@
(LPS)
M1 M2
CLP
6 M1 NO
(INOS)
1
(Arg-1) M2

M1/M2 polarity of marker enzymes

M1
iNOS

>

fold change
. g & 8 ¥

 fodchange

M2
ARG1

M1/ M2
|NOS/ARGl

Cc

CLP
LPS

24

M2

MHC

(2HLA

HLA

HLA

M2

CLP

(LPS

MHC/HLA
T

II

LPS

CLP

II

DRA
4 DRBI1(01:01, 04:05, 09:01, 15:01)

HEK293
(FACS) HLA
DRA DRBI1
16000 .
14000 "-
T 12000 P
=
~10000
=)
b —
S 8000
£
=l
© 6000
° .
£ 4000 _—
[} P
2 2000 I I I
0 FEmmmm SmmE= i i ii-i
5855 35855 35855 35855 358355
Trgow Irgow Irgow Lrgow Lraow
0000 T SOO0Ov FOOO+w SOOO+w GOOOv
c [ [ = c [ =
none BiP 355355 HA 3320 MBP g3ge  Cllzssor,
2 HEK293 HLA
FACS 3



MBP83-99 (

)
o B
HLA
HLA
DRBI1*15:01 DRBI1*01:01
HLA MBP83-99
« 2 DRBI1*15:01
DRBI1*01:01
3T3
HLA
HEK293
96
96 HLA
3T3 MBP83-99
B-
(SA-B-Gal) HLA
SA-B-Gal (2-Nitrophenyl-
-D-galactopyranoside; ONPG)
FACS
SA-B-Gal
1/10
(4-methylumbelliferyl ~ B-D-galactopyranoside;
4MUG) 96
3
HLA
7.E+08 - MBP83-99 (uM)
6.E+08 15:01 (10 pM)
L, 5Ee08 15:01 (2.5 pM)
%8 4.E+08
a8y
g§ 3.E+08
26
d% 2.E+08 15:01 (0.63 pM)
1.E+08 I Parental (10 pM)
i Parental (2.5 pM)
0.E+00 . . Parental (0.63 uM)
0 10 20 30
time (h)
3 HLA 3T3 MBP
HLA
96 HTS 3T3

DR15(DRB1*15:01) 3T3

CLIP (Class II-associated invariant chain)
HLA
DR15 (DRB1*15:01)

CLIP
MBP (
4A)
( 4B)
CLIP HLA MBP
MBP
DR1 (DRO01:01)
MHC
II T
( 4)
A B
DRB1*15:01

5 ME e 50 . DRB1*15:01

g 1.0E+09 | = 18 -

© 16

£ soe+08 5 14

2 e 12

£ 60E+08 € 1o

s ' $ 08

% 4.0E+08 - _g 06

El 2.0E+08 E 04

o o] .

0.0E+00 e - ) © g;
none OuM 5uM 50uM none OuM 5uM 50uM
CLIP (uM)
Sﬂgé’%’g-)gg (5uM) + MBF’%3—99 (5uM)

4 CLIP
(A) CLIP MBP
(B)

8
(1) Yamamoto B, Suzuki Y, Yonezu T, Mizushima
N, Watanabe N, Sato T, Inoue S, Inokuchi S
Cha-Koji, comprising green tea leaves fermented
with Aspergillus luchuensis var kawachii kitahara,
increases regulatory T cell production in mice and

humans. ( )



Biosci Biotechnol Biochem. 2:1-8, 2018

(2) Kawaguchi R, Hirata N, Tokinaga Y, Hayashi S,
Inoue S, Watanabe N, Yamakage M.

Nitrite administration improves sepsis-induced
myocardial and mitochondrial dysfunction by

modulating stress signal responses.
J Anesth., 31(6):885-894, 2017 ( )

(3) Yahata T, Ibrahim AA, Muguruma Y, Eren M,
Shaffer AM, Watanabe N, Kaneko S, Nakabayashi
T, Dan T, Hirayama N, Vaughan DE, Miyata T,
Ando K

TGF-beta-induced intracellular PAI-1 is
responsible for retaining hematopoietic stem cells
in the niche

Blood, blood-2017-02-767384. doi:
10.1182/blood-2017-02-767384. 2017 (

)

(4) Watanabe N, Suzuki Y, Yonezu T, Nakagawa
N, Shiina T, Hirayama N, Inokuchi S, Inoue S

A cell-based high-throughput screening assay
system for inhibitor compounds of antigen
presentation by HLA class II molecule

Scientific Reports, 7 (1) 6798:
DOI:10.1038/s41598-017-07080-4, 2017 (

)

(5) Horio Y, Shiraishi Y, Watanabe N, Inoue S
Imanishi T, Asano K

Empyema associated with Campylobacter curvus
infection.

Respirol  Case Rep.  5(4):e00234.  doi:
10.1002/rcr2.234. 2017  ( )

(6) Watanabe N, Suzuki Y, Inokuchi S, Inoue S.
Sepsis induces incomplete M2  phenotype
polarization in peritoneal exudate cells in mice.

J Intensive Care. doi: 10.1186/s40560-015-0124-1.
2016 ( )

(7) Suzuki K, Inoue S Morita S, Watanabe N,
Shintani A, Inokuchi S, Ogura S.

Comparative  Effectiveness of  Emergency
Resuscitative Thoracotomy versus Closed Chest
Compressions among Patients with Critical Blunt
Trauma: A Nationwide Cohort Study in Japan.
PL0S One. €0145963. doi:
10.1371/journal.pone.0145963. 2016 ( )

(8) Liu RM, Eldridge S, Watanabe N, Deshane J,
Kuo HC, Jiang C, Wang Y, Liu G, Schwiebert L,
Miyata T, Thannickal VJ Therapeutic potential of
an orally effective small molecule inhibitor of
plasminogen activator inhibitor for asthma.

Am J Physiol Lung Cell Mol Physiol. 1.328-36,
2016 ( )

1

(1) Development of a  small-molecule
immunosuppressive agent based on inhibition of
HLA-epitope peptide binding.

Watanabe N, Suzuki Y, Nakagawa Y, [noue S
The 8th Congress of the International Federation
of Shock Societies (Tokyo, Japan) 2016 10

5

. WATANABE, Nobuo
80396928
2
INOUE, Shigeaki
30582209
3)
“



