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Yasuhiko Kojima’'s journey from Interferon to Internatural

EE EF Keiko Ozato

(Section on Molecular Genetics of Immunity, Division of Developmental Biology, National Institute of

Child Health and Human Development, National Institutes of Health, Bethesda, MD, USA)

| am grateful for the opportunity to write on Dr. Kojima’s research life in this newsletter. Dr. Kojima

was an interferon afficionado, and achieved much in research. His life journey is as impressive as it

is fascinating, and should be celebrated by many of us.

Road to Interferon

Dr. Kojima (hereafter Kojima) was a loyal disciple
of Dr. Yasuichi Nagano who was working on
vaccinia virus infection as Professor in Tokyo
University at that time. Together, they found that
vaccinia virus infected rabbits produced a factor
that inhibited further viral growth. This factor
was interferon (IFN). Nagano and Kojima
published their results in a journal (in French)
several years before the publication of Issacs
and Lindenmann in 1957. The IFN research
community (dominated by scientists in Europe
and North America at that time) regarded this
1957 publication as the first report on IFN, and
Issacs and Lindenmann as the IFN discoverers.
The earlier report by Nagano and Kojima did not
receive much attention, and the two scientists
did not obtain recognition from the IFN research
community.

| was interested in Nagano and Kojima's

research life, and it has been a point of reflection

on my own research life. Being in the USA for
the past 50 years, | have made my research
carrier entirely at the National Institutes of
Health (NIH). Throughout these years, | could
not escape seeing a clear gap in the recognition
of research achievements, because | am a non-
white racial minority and female. This was a

inner driving force to publish a paper titled

“Another road to Interferon, Yasuicch Nagano's




journey along with my colleagues, Drs Kazuko
Uno and Yoichro Iwakura (1).
W NERE Bt

[t seems that even today there is a gap
between scientists working in North America and
Europe and other regions, including Japan in
terms of the acceptance and publications of
their research in major, high-impact journals. For
this reason, | believe that the journey that
Nagano and Kojima went through is still relevant

to many scientists in Japan and elsewhere.

Kojima’s post IFN journey

After Nagano’s death, Kojima continued a lone
journey through IFN, which ended in August this
year. At the time of his death, Kojima was
Director of the NPO Interferon Herb Research
Institute in Tokyo. The post IFN journey Kojima
took is as fascinating as his earlier journey.
First, Kojima did not seem to be too bitter about
the lack of recognition on their discovery of anti-
vaccinia IFN: he was not interested in gaining a
standing in the academic research
establishment. However, his experience with
Nagano determined his remaining professional
life as an IFN specialist.

After Nagano’s passing, Kojima became more
inclined towards “Eastern Medicine” developed
and practiced in Asia for centuries. It is a
philosophy that our body has innate healing
power. So Kojima viewed IFN as one of body’s
healing mechanisms and that naturally growing
plants contain substances that harness body’s
internal power to produce IFN. His passion led
him to a next, post-IFN journey, a road to identify
and extract IFN inducers from plants grown in
Japan. Kojima assembled people who had similar

views and organized a screening team to test

-
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numerous plants for IFN inducibility. After
years of work, the team selected five plants with
high IFN inducibility. The plants and their parts
that they selected are pumpkin seeds, purple
turmeric, pearl barley, corn pistil, and cinnamon.
The team showed that extracts prepared from
these plants are effective in IFN induction. They
further found that the extracts can be orally
taken by to attain the effects. Mr. Toshio
Sasamori, long dedicated to help Kojima’s work,
has been instrumental to bring the original
screening efforts to large scale production. To
ensure the safety and reliability of the products,
they implemented a strict quality control step to
assure that each batch of the extract
preparation is safe and effective, the practice
maintained to this day. Currently, the products
are sold by the name of Internatural, by a
company called Paladium in Japan, and abroad
since 10 years ago. Mr. Sasamori directs the
operation of Paladium as well as Interferon Herb
Research Institute, an NPO which publicizes
Internatural and facilitate communication with
the public. They are in close contact with the
Internatural users, many of who report beneficial
effects and some are late stage cancer patients.
By these remarkable achievements, Kojima did
fulfill much of his original wish. However, during
early stages of Internatural development, Kojima
thought this is not enough and it is necessary to
find more solid evidence for Internatural’s IFN
inducibility. To attain Kojima’'s last wish, Mr.
Sasamori traveled to my laboratory in 2015 and
conveyed Dr. Kojima’s wish. | was interested in
Internatural for its potential to boost innate
immunity and was able to entice a postdoctoral

fellow Sumihito Togi and his wife Misa to examine

Internatural for the ability to induce cytokines, as

-



a small side project. The couple investigated the
effect of Internatural on mouse bone marrow
derived macrophages and dendritic cells for two
years. Although not extensive, the couple
were able to conclude that Internatural induces
IFN alpha and IFN beta through toll like receptor
4 in these cells, and that a high molecular weight
component of the extracts is responsible for IFN
inducibility. These observations were published
in 2022 (2) where Dr. Kojima was an author.
Internatural and Herbal Medicine

In a larger perspective, Internatural is one of
many herbal medicines used today worldwide.
Herbal medicine has a long history, going back
to the prehistoric times (3000 -1500 BC in Suin
ma and Egypt). The use of medicinal plants was
recorded in ancient India and China as well. In
Europe, medicinal plants were widely used
throughout Middle ages where more than 1500
plants were recorded for medicinal use. In early
19th century, herbal medicine enjoyed a brief,
complementary relation with modern chemistry
structure of active

in that the chemical

substances in some of medicinal plants were

determined (e.g., salicylic acids, opioids,
digitonin).  Synthetic  versions of these
substances are now widely used. However,

surprisingly, active molecules from many other
plants remain unidentified to this day.

Since then however, modern medicine
appears to have turned against herbal medicine
rather than merging with it. Currently, modern
medicine and the traditional herbal medicine go
separate ways. Thus, many of herbal medicines
are not included in the government approved
medicines that can be prescribed 'and
recommended by health professionals, and the

quality and safety are not assured.. Internatural,
-

despite its strict quality control, does not escape
from the problems that herbal medicine faces.

Apart from this, it is interesting to note that
according to the recent report by the World
Health Organization, more than 25% of people in
the world rely solely on plants and other naturally
occurring materials for treating illness and
maintaining health. This practice is found mostly
in less developed, less wealthy areas of the world.
However, even in well developed, wealthy regions,
many people use not only doctor prescribed
drugs but herbal medicines.

Modern medicine appears to view traditional
herbal medicine as scientifically baseless. It
stresses the lack of solid evidence for efficacy
and reliability and even worse, safety. This view
is propagated and passed on to the younger
generation of health professionals through
educational institutions. These problems are real
and detrimental to herbal medicine.
Nevertheless, the problems that herbal medicine
faces are not inherent, nor irreparable. The
problems are largely due to a poor organizational
support for herbal medicine, particularly due to
little support and promotion by the central
government, i.e., their financial, educational and
structural support.

Herbal medicine has a lot to offer to modern
medicine. It has been part of humanity for
millennia, contributing to our health and well-
being. Nevertheless, the structure of active
substance and the mechanism of action are still
unknown for the majority of medicinal plants. We
should integrate herbal medicine into modern
science and medicine and harvest the fruits it
offers.

f

Future



| hope that a day will come when herbal medicine
is part of modern medicine where many
compounds, originally found in medicinal plants
are deciphered and then incorporated into a
unified support system for medical use. As
scientists engaged in biomedical research, more
of us could acknowledge imperfect states of

herbal medicine, and help advance further

analysis of medicinal plants.

Dr. Kojima and the author in the 2009 ISICR meeting

'#
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Symposium 1 “Disease-associated Macrophages”
Chair Hiromitsu Hara (Kagoshima Univ.)
Makoto Tsuda (Kyushu Univ.)

TREMR in neurodegeneration and cancer
Marco Colonna (Washington Univ. USA)
Unraveling the heterogeneity of antigen-presenting cells in inflammatory skin diseases
using single-cell RNA sequencing
Satoshi Nakamizo (Kyoto Univ.)
Identification of a novel subset of macrophages that regulate muscle regeneration
Yumiko Ohishi (Nippon Med. Sch.)
A new mechanism for pain chronicity revealed by a microglial subset
Makoto Tsuda (Kyushu Univ.)
The power of ONE: Immunology in the age of single cell genomics
Ido Amit (Weizmann Institute of Science, Israel)

Symposium 2 “Monogenic Disorders as Immune Rosetta Stone”
Chair Kensuke Miyake (The Univ. of Tokyo)
Tsuneyasu Kaisho (Wakayama Med. Univ.)

Human inborn errors of immunity model mice for autoinflammation,autoimmunity and/or
immunodeficiency
Tsuneyasu Kaisho (Wakayama Med. Univ.)
Immunodeficiency and autoinflammation caused by dysfunction of immunoproteasomes
Koji Yasutomo (Tokushima Univ.)
Autoinflammatory disease due to 6-CSF
Seth Masters (WEHT, Australia)
The molecular mechanism underlying STING degradation at lysosomes
Tomohiko Taguchi (Tohoku Univ.)
Lysosomal nucleic acid stress diseases
Kensuke Miyake (The Univ. of Tokyo)

Symposium 3 “The Forefront of Covid-19 Research”
Chair Yumiko Imai (NIBIOHN)
Hiroyuki Oshiumi (Kumamoto Univ.)

ACE2- at the heart of a pandemic
Josef Penninger (Univ. British Columbia, Canada)
Therapeutic effects of angiotensin converting enzyme 2 (ACE2) enzyme activity on
severe acute lung injury in COVID-19
Keiji Kuba (Kyushu Univ.)
Mechanisms of severe disease and sequelae and potential for drug discovery - Medical
big data and basic analysis
Yumiko Imai (NIBTOHN)
Unusual type I interferons are associated with cholesterol metabolism and prime the
antiviral innate immune response
Hiroyuki Oshiumi (Kumamoto Univ.)
Symposium 4 “Imaging of Immune Cells Interaction”
Chair Kenji Kabashima (Kyoto Univ.)
Takaharu Okada (RIKEN IMS)
Probing tissue macrophage functions in health and disease
Steffen Jung (Weizmann Institute of Science, Israel)
Newly identification of a CXCR6+ pathogenic skin-resident CD4+ T cell subset in a mouse
model of allergic dermatitis that requires CXCL16 for its maintenance
Kenji Kabashima (Kyoto Univ.)
Spatiotemporal development of dendritic cell networks
Wolfgang Kastenmiiller (Universitat Wurzburg, Germany)
The role for sensory neuronal IL-31 receptor and STAT3 in inflammatory itch
Takaharu Okada (RIKEN IMS)
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RREEMZE. 77 F > RNA Z U fc gzl

13

BERE. BCREEE. RLUBRREREZS
SEBD SRR E THREL cREmRD M EY 7
RAz@EmUET, EFFRICE. £ 1 DRRIC
MG U <. I-6 DEEN SBRIGAE TFHIT S
NEEABRZRE (KIRKF)., 8LO1Vv 57—
ZIOVP L2 OREHIS. ZOERAKFEPR
BRANOKRE ZRBAINAOMRBEE ER
AF)ZHEWPZ L. RO INETOSHERS
WICRFOHMBICOVWTSEIRIBEEZE T, £,
INSEFRBRICMZ. 6 DDV YRITL (O
—AFAY— ENBE. AHE, TRE. 1TH
R, BEEE. SVA  BIRE) £0EL TWE
9, —MEBEBEUTCOE - RXAY—tvray,
PECLZHELIF—ERIT . BREROARE
ERERRMN—RA TEACEDHZRELET,
YA MO VARIFERZARKRT AR E
D12THH, HRNBEMELFEICE K
FLRBERNDOY A N A VHARDFLICH D
9, 2020 F£LUE. COVID-19 /XTI wv
IKEWTEFEICHESYA NAAM YA N—LD
{EFRREY 2023 £/ —N)LEES - BEXEOD
FEXNREBZR>TEMRNA TV F > OBEKIGAIC
B9 2MAOAZSNELEEL TSN F LT,
FNOIARRET A N AA VR EDRERTF
PREDEZYIDOL U T HRDOREIRZ Zim
TRDERLERWVKEESTHEDFT, £fco KRET
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FEFOEBRRRDESORELEEZZIFUH. The 1st Annual Meeting of the

G _ - sy Japanese Cytokine Society
NETEREZICED > TELHAREICESTH " (3CS2024)

= ‘26 i, 2024

HEAROESDREHDD &3O HANSHRE
NEFRETEIYA MO VIIROFRZE S 5I(C
REBEDNEHKRSEDL I ENHFTETEXT,
FEVPRIAR Y ZBDICEFMRE. S5ICIF
SERORIZEPZIEDRFED - DHEEERD
MREDHTZ OBEBNRCSMELFLELTH
DEI,

BHBRIRE (2024 %1 BES)

Chen Dong (Tsinghua University, China)
Ping-Chin Ho (Ludwig Institute for Cancer
Research, Switzerland)

Maria Tokuyama (The University of British
Columbia, Canada)

Nan Yan (UT Southwestern Medical Center, USA)

Dylan Dodd (Stanford University, USA)

Melody Zeng (Weil Cornel Medicine, USA)
Nan Shen (Shanghai JiaoTong University, China)
Daniel Cua (Janssen R&D LLC, USA)
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Cytokines 2024 O &F 5

Cytok%esg%zom 'KAI 2024

2024 FEDEEY A NAh1Y - 145 —T7xzOVFR (ICIS) ZEfifiES Cytokine 2024 (12th
Annual Meeting of the International Cytokine & Interferon Society) ($B2E®DY V)L THES
NEY, EoTTBMWVEREEFT LS. LB ULEEVWWELET,

=H 2024 % 10 A 20-23 H
215  COEX, Seoul, Korea
EREE R ) 2024 £5H20H
Website URL https://seoul.cytokinesociety.org

Cytokines 2024
KAl 2024

October 20 - 23, 2024
COEX, Seoul, Korea

12" Annual Meeting of the International
Cytokine & Interferon Society

Joint with

Korean Association of Inmunologists
International Meeting 2024

|

Ahstract Suhmissiun Deadline

www.seoul.cytokinesociety.org May 20, 202‘!

e, AFEEOD JCS ZiiifEs (JCS 2024) [TEEEHRU LFEVCEFMHEE (40 mLLT)
ZXRIC, Cytokine 2024 NDESMBERORED—BRICHY T 2B EETEAYR— MW ULE
o FMARED X US JSICR DIR—LAR—VICBEFHWLET,

JSICR HP URL : https://jsicr-hokudai.wixsite.com/home
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2023 F& JSICR

HEAV5—Txz0OY - YA MWV 2ZRHEERELT

(BREXZFAZERERFRAEMARMLS - THEFBEOIARZEDE - B0

CDE 2023 FEARAI VY —T7 OV
YA M HA UV ERBEMEZTRE G BEZE DBk
DX DREHBMUET BRIV Y—T7 0Oy -
Y4 MAAVERIE SH 5K 10 Fa7l. FE5
ZINBRICEERFOESHBRTEDHREIC
BoTHS5W "HIE ORZEOHFICEZ B H
ANT, RUICSMULZRE DT FAlc &
> THIRFEWERTY, TN ERFFIC, IHTS
MUEAZEET ALFr—av izt
EHEKEATVWET  EWVWS DB ZNLEDE.
EYDINY — > BHZEEPRR)ZHZFTL TV
OTIA | FEYPOHRTIE. REIGEDIEZE
& U TENRERTE (ROS) D EAYRREEER
“F(Pathogenesis-related protein) D#IHE, &1
F VBT E DIRIRAEISERILE Y OFEE, HiE
BMOIT7xV75—UHARTWEI > cDICT L
2 BAEOHATIE, ZHOY A NAAV A
vy —7xAOY, LT, CDESTHEEOFS
N3 ESRGHOFEE(EZR TWT HESWE

UfcoBRS N TWSEETDRHEZEE B 5,

ILAEIFE?Y AT 14T N A>5—T AV ?
CD4+CD25+FoxP+ififg---??? & HEKIEXF
BOEBRICETUEILEBWK U FAK
REDTSMH 5E 23 & SEDZE IFELE
WHEDNB D FT,

ITC. NEORMEDOHRICOVWTDORET
IH. EROBED ., FAlF. EMENED > THFE
ERFRIS—EBUTPRROMAERZITo>TEEHL
foo BRIEDORRE RS AT IE. EZOFRE
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BMEXEEOHEN (1)

Ml

F -
R m—

PRR. triggering receptor expressed on
myeloid cells 2 (TREM2) Di&EERRBETY *, &
FEAO®ED . #E&%IE. BE&E Mycobacterium
tuberculosis & > T5|EkE SN2 RERFEE T\
N7, AIDS IO 3 REREED 1 D
THOH., HRSAETEEN 150 HADREZ T
ULTWRT, e, #Ezid. BEUK. AEZ=H
UHTELREETHH D, #Lital 6 o =
1 ZDMNS BIEZED DNA ©Z DOl EERK
DO I—ILBEMA)DRESNTOET i
MATFFELOEASELEUTWBERD 1 DI,
BERENF OIY R REEEHEENE T S E
ER

DAP123: %% FcR v % & HemITAME!

HemITAM

K1 ITAM HE&ZEE
R A O E R EZE IC Immunoreceptor tyrosine-based
activation motif (ITAM)ZF]A T % ITAM HERZEE, ITAM
BT BEYV/INUE DAP12 ¥ FcRr#HE#% T 2H. B
FBEEH HemITAM &EIENZ ITAMBREF—7 %589 %,

EZEESOMBEIE. REH 90 bH 58
REEFE MA ZEHN & TIEEICEARLT
v ZROMRE > TWE T —RINRT S
LBEENEORTFRI U AVH 55 ME
BANR—RICLTC.7IE/HZI 5V EMAN
EEUBKRIC. YR7ZZE/ Y+ (LAM),
NL/A\O—XYXO-)LEE(TDM). 7FA &0



—J)L¥Y X3+ A+ L — bk (Phthiocerol
dimycocerosate, PDIM) N phenol
glycolipid(PGL) 7% &, HMEEZ E U & Lk
REHEFEIC U DR S e WRRREEE N E
ZLEENTED  ZNHREEEHICHES5T S
EEZSNTVET S FIZIE. BREICLCH
STV IERE DR RO EEETHZ 77T
VYV —LDOMEVCEEILOEEICEH. LAM P
TDM. PDIM R ENEET B EAMESINT
W& °% Ffc. AF. PDIM IS, X EHHADEE
L@ Toll-like receptor DU HY REITRV L
T.NIA77—I(MP)D—E{LER(NO) DE
$%ZHEITZ—AT. TEHA YD MCP-
1(CCL2)DEAZFEL T.NO ZELUIRWET
B M (permissive MO)EEEIEZ 2 &
HIREZEDORELBEEBED 1 DELTHRESN
TWET '

TREM2 (. MO PRl icHKIRT %
Immunoreceptor tyrosine based-activation
motif (TAM)E&EZA/ET7 7IU—0 PRR T
TLoITAM HERZA/EIF HRABREEIC ITAM
ZHAT 2RBEEORITT, ITAM 253 %
DNAX-activating protein of 12 kDa (DAP12)
* Fc receptor y-chain (FCRy )R EDES >~

A

B M. tuberculosis
==
eS| HI7Rv  H37Ra
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NR7VBEHELTWS D, TREKBEED
HemITAM(ITAM f&REF—7)ZF > TWVWEXT
(B 1) UY/GROTIRZEMED ITAM 7 F )L
EEEKRIC, VAV RZRHET D& TAMD
Src 77X —FAOYrFF—ElcLoTY Y
it 2. % Z I Spleen tyrosine kinase(Syk)
NI ZI—h, VYBERESNTEERELET (R
1) 2D, TRDOEBEREF. nuclear factor of
activated T cell (NFAT)¥ NF-« B Z &ML L.
YA NS VEEBREDRRIGEZFELET S
Z DERD NF-k B OJEMALIE. FURZBETIE.
TETI—=5INIED CARMAT AN UL F
IHN PRR O ITAM HEZARETIE. 7575
—45 >V IXUE, CARDO WMENLET %

FalE AARDR Y —k & U T ITAM #£&=
BEDOHEI S HEREZRHT 2O DZREKT B
ZElIULFELU 9. ITAM HEEZREIY b
RAA VDB IV IRVBEDZATZ ) —%
ERL BREERE T 28z 70—T1 K
ARY—=FCM)ZAWTRI Y-V I ULEL
e 2A), ZDHER. BREZDBHIT DD
BEICERE ST L% Mincle, DC-SIGN. SIGNRT.
SIGNR3 7z & Dthic, TREM2 hY & E ICHES
B EEHFICRBULE LR 2B),

M. bovis M. tuberculosis M. bovis
BCG H37Rv H37Ra BCG

TREM1 A /\

f, cLec?

Mincle

TREMs | TREM2 /\ /\

Ectodomain-Fc library Dectin-1

TREM3 K

LMIR2 A

LMIR4

Anti-human Ig&-FITC  CLRs| MGL1

LMIRs| LMIRS

LMIR7

LMIR8

N

{ =k
e
A

daaaaaas

CouNts m—

Control A /\

ST TS
SIS

FITC mp

|
FCMf2#t SIGNR1
SIGNR3
T DCAR
12}
H7AVAY
3 CLECS5A K
O
FITC =—> DC-SIGN

Counts m——p

#&&)

FITC ey

H2 #HEEZRATS ITAMZERRZRESATSV—XoV—=Vs
(A) BEEICHEET 3 ITAMBERBEZFREDAIY —ZV T, ERBEDII b RXA Y OEMEZ YT VI BEERL,
B & DES%E FCM TEIT Ui, (B) BERDFEER A Mincle v DC-DIGN. SIGNR1. SIGNR3 & HcHROIEZES
BINEFHE LT TREM2 NEES iz, (lizasa et a/ Nat Commun. 2021 & D3|, —ZHZE)



A mmttmMA  JemsEftiovA B
TDM GMM GroMM  MA
Ho_OH on fMA
O o Son ( ?N)

£,
Ho Y,

o
on
o
3
o
vo, 2oty on
on

o=¢, on

o
o=c, o

8

8

GFP (% maximal response)
o 8 &8 8 8
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TREM2+DAP12 Mincle+FcRy

-O—TDM 0
-0 GMm g 1
—- GroMM 8 w0
—o—fMA E

E &

%

©

£ 40

S

o 20

w

O o
3 102 101 100 103 10" 100

102
Lipids (ug/well) Lipids (ug/well)

Cc -o- WT owr
—e— Trem2 KO B Trem2 KO
—O— Mincle KO i
5. 0.8 15_I:I Mincle KO
E o
5 10 7
d 5]
o
=
0 —Lamomoao—
. 2.04
~ o
g 2.0 1.54
2159 1.0
% 1.0
=054 0.5
T T T T 0 T 1 T U 0
0 60 250 1000 0 60 250 1000 0 60 250 1000 0 60 250 1000 - LPS
TDM (ng/well) GMM (ng/well) GroMM (ng/well) fMA (ng/well)
D
o- WT o wr
—&— Card9 KO W Card9--
—O- SyklEEH 1.0 = 15 — O WT+BAY
0.8 - -
0.6 10 4 I
0.4 5 ol
» 024
0 T T T T 0 ‘oo 1ML
0.5 4 5 o
0.4 4 - I
0.3 34 i
0.2 o 2 lol
0.1 o 14
0 - 0 Jocmmo- 1MLl
0 30 130 500 0 30 130 500 0 30 130 500 0 30 130 500 - LPS
TDM (ng/well) GMM (ng/well) GroMM (ng/well) fMA (ng/well)
E
8
°
Se °
2
8 4
z 2
o
- 01 1 01 1 (ug/wel)
TDM fMA

B3 TREM2. Mincle @ ZnZhIFERMIN. ERLNMA ZBRL. RBIRELEZFHFET S
(A) MA EEBEEBEOREHEOER, (B) FEFEHMI MA (& TREM2+DAP12 LR—% —#lifd. #E#ETI MA i Mincle+FcRr

LR—%—#ifgz znznE €3, (C) Mo ZHE#HMND

n1MA (TDM. GMM) T#I#Y % & TNF-a. MCP-1 Ol

%z, FFEHMAIMA T (GroMM. fMA) TRIEHT 2 &, TNF-aZE4EE T IC MCP-1 DAZEET %, ZOEEXFENE

h Mincle KO. Trem2KO TIET 9 %, £, TremZ2KO T

FEAMMAICLZ YA MO VEENERT S, (D) HBEH#

AIMMAICL B YA M h+ VEER Syk BRER. Card9KO TIET Y 2H%, IEBEMMMAICELZ YA M h+a VEER

Syk FEH TIETS 255 Card9KO BEE LRV, (E) TD
Zha'B 5B, (izasa et al Nat Commun. 2021 & D3
INET, LEOZEHRUNCEERE. &
R ZENHRODFERHT 5 ITAM HEZA
EIEWSDOMRESNTVE LD, ZFhide
T FcRy #£&ZAR D HemITAM B2 H D TUL

MEEICE D Mo TNO DEENHSNZH. TMA R TIE

|F. —HBE)
fzo U U, TREMZ2 | DAP12 H&ZR/IETH
D BEFID ITAM HEZEREE SRR DT HF
DHREMD B o fefo b, MUk, TREM2 ICEB L
T, BREBITZIT> 2 &lcLE U,
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BmWT, BREFROYAY REaFERLEES
3, HREEERSD MA DNZFDYHY RTHB
CEEREIEGHX U, MA (3. FEXEDOMBREE
ICRRA BRI Z R T T THREL (B 3A). Z0
120 TDM (&, FcRyr £&BRZAMA Mincle I
THASINBZEPFICHRESNTWEULE %%
DIz, HEHREID MA(free MA; fTMA). TDM @
i, ZILOA—XF/ I 3-I)LEEGMM), 7'Vt
A—JLE/ X 3—I)LE(GroMM)2 ED MAEE
fEE < TREM2 + DAP12. Mincle + FcRr
NFAT-GFP L /R—% —#ifgZzRB L. =05&EH
EHEBEUE U, BERRLC &IC, FEEIEMmUL
7= TDM > GMM & Mincle (C. —A T, #E#EN
00 TWEw fMA ¥ GroMM (& TREM2 [
FhEnZ{BE N 2EerbMrDFLE (K
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KRR MO Z BN MA TRIET % &
TNF-a. MCP-1. NO OEEHNRE SN2 DICHK
U. FEFESH{TIN MA TRIET %5 & MCP-1 O
NEELEEN. TNF-a. NO [FEESINEFRAT
L7=(E 3C, E)o Mincle KO. Trem2 KO Tl&.
FThen, EEACIEIEREHEMIN MA ICX 2%
RIDENMET T2 DS INSDRRENZ
neEno MA IC&DFEE SN RRIGEICHA
THBIENREINFLEL(E®3C), £z Trem2
KO TlE SEHMMMA IC K2 YA M+ VESE
DWTICHHBRUTERT 22 &b D F LT,
ZZHh 5. TREM2 (&, FEHEMI MA £ T 5%
RINEZIEI T 2HENHD I EbRENEL
72(& 3C), F 7=, #E#HI MA &, Syk-CARD9
BREZNULT, YA N VEEZFET DN

3B), FERESE T HN MA (Z. Syk (/3 %Y. CARD9 T
T5IC. MA EEEEOEHEEMOEETE  [IMRELLRVRIET MCP-1 2E4£952&H
BIREMNERRD . /nvitro T, BERWT)V I X bbb FEU(E 3D),
A B
_ - 72 h -
Ly6C- F4/80* gated =S = = S5
x x x
Vehicle TDM  fMA  —’ e )
[ ooor [ o 0 o2 g g
24 h }22. EB ] EHz 3 5
1 ~~’ s 0 #E 0 {(4] 0
F ctriTDOMMA ®  ctrITDMfMA % ctr TDM fMA

276 |.] 0032
11.0

ol

CD38 -

.'40 5

L B

K4 TDM. MA BZhZhBRERYIOT77—I,

oM I a FEEMO(INOS*CD38M)
= $&%
HAEMO(INOS-CD38dul)

HRRYIAU7—VEHET S

(A, B) TDM, fMA ZERAIRS LT 24, 48, 72 h R OEEEHRHDOFER M¢ (NOS'CD38") &HAE Mg (INOS
(lizasa et a/. Nat Commun. 2021 £ D 3|B, —%HKZE)

CD38™") @ FCM 47 (A) & 72 h D Z D% (B),

N ADEEAIC TDM. MA Zi59 % &,
TDM (&, NO ZEAT 585K INOS & MTMD
DNX—H—7TH3 CD38 DERBFPHEWEREE M
®(INOS'CD38™") z5F8 9 51 MA Zik59

5&. INOS ZEAURBWHFARE MO (INOS

19

CD38"\zFEI bbb F L, EE
IZ. Trem2 KO [CHEZE (7 2 BEE 55k M.
bovis baille Calmette-Guerin (BCG)) = &E5)&
RESHEDE WT EHEBRU T EREOHERRD
RSN ENDMD FUE(E BA), MLtz



XEHB L BREIR. MASEREEZRH#IT D
TREM2 ZM LT, BEDRRILEZHIEH L. %
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ZoEEICHALTWBEZ ENESHIC
7=(X 5B),

BOFRU

bt ]
EMBHIMA  C MEAMA
oOWT
® Trem2 KO
108
!0 W =
510°¢ o
2o &8
10 a8 MCP-1EE4 MCP-1, TNF-a. NOZE4
o
10° °
: 2
10 T T
3 14 HFEREMONOZEL LY. B | BuEdll({erd: 10 ]
Days after infection DBFEDIHEZ D) EFHE ERHT L EFE

K5 #H#HEE TREM2 ZNUEFCENGFENMOZHEL, BEREZOET 5,
(A) Trem2 KO ¥ RIcV Y BIERE M. Bovis BCG B3 % &, Dayl4 THOHRIMEESZ NS, (B) MAEH

PEE Z 5853 TREM2 D& EEXE, Mincle [S¥EHMIN MA 2588 L. Syk-CARD9 #EEZ L T. MCP-1.

TNF-a. NO

ZEX ST, TREM2 [FIEFEHMIN MA Z5383 LU T MCP-1 0#ZEES T2 —A T, BEAMMAICLZT 1 hAA

. NO ELZMHIL.
2021 & H31H, —BHWE)

Bif. ERDOMOTHTREM2 %/ w U5
VY3 EEEOHRIMEES NS I EHRE
TNTWBs ”\TREMZ & YU R EBEKIC,
E N THRREORREEICFIAENTWS &
EZZ5N%EXI, TREM2 (&, I,
A RERR AR <. &‘E%}fﬂit D, [EEMEHEREIC
BELQEEZUTCVWSRZENASHNCHR > TE
TWET % —A T, HAEREE MO (TAM)
T TREM2 OEBEHNEL. FNZN U TREIL
EzWH T2 ENMESNTVND I ENS,
TREM2 @ERAREOEB TEHEEEINTVWE
9% ARiF, REEHEUEFOESEZED

DIELLTERLEEZS5NS TREM2 %=,
NAPHERENRZLEICFIALTWS Z &iF
BIERRN T,

RRICEDRURD, BYORZEOEHRANS
WEIED REDOHFICRUAH BEEDOHRED
HMENFEAEEN T ENTRDNY R Y
JEIZFEEICHERD > FRAIC . BEEBO R
DEGRE KRR B EEREAMT = SHEEDHFREIC

fEENES A

20

AN MeEFEYS 5 & TREEOREREICHBEIN TWS, (lizasa ef a/. Nat Commun.

WEENSHZI T TS > cRiEHLEE(EREKX
FPREFEREFZBEMRRIRES - BUIR)ICZ
BEBEDLUTEILBLLEFET,

Xk
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2023 £E JSICR #REX

HEM>5—TJxzOY - YA NAAY

(FERZRZREZMER 7LILF—

ZDRGE 2023 F£EE 19 BIHAC V5 —
ZzOY - YA A VERBRHEIGERLT
WREEREARICFELUXR T, THEFEWREE
FUREBEZZEOERICODLDREHBL LT E
ERS
HO®RBEREREDIIC IL17 EEroT i
(r oT17 #f2) ERRICZED IL-17 ZESE
U, Th17 #EREAREZ 818 U B CRBRREDIEE
ICBWTWET, Th17 DML &I8FEIC IL-
21 BEBLREREZRILTWETH, roTl17
gD ME., MR B L REREICE VT, 121
MRIELTWBREIDFEMIFRATU .
Ny oT17 #fadRa4HAMBRICHRE T 28
Ry oT17 MkE & MRERRIBER ICRHEICH I
RIZFEBEr oT17 MO DICAITESNE
9. BAY oT17 #iEIZRA4%E 18 BIcKiEAE
L. BCEEICLDERSN. Vr4BlES £
*Vre BEOY Ty McpfEahxd, —
A, FEMr oT17 MIEEIC Vr4 BlETH
D ITEDEHEE RNA > —4— > 2 & D BRKKAR
ICFET D Rorc+ll17a-CCRO+F K r O
T17 MRICHER T 2 E/ESINTVET, Ihn
5%y oT17 {2 EORME - BIEICH T3 IL-
21 ORENITHATH D, BAIEZOFMZHS
MCT B EZMRBMNELX U, 51, &
NEZREUEBILEOBYETILTHZIERENES
REMEKMEEAEAEZEWVWT, 121 Mro

EEDREN

ERRRERY BLIMRS)
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(2)

SRWEZRELT

alll #—

T17 fREZN L URBERICE 2 2R EZ R
ULEUT,

ZORER. 1) IL-21 (FRREHRRICHITZER
r 0 T17 MBEOMEICIERERWA, BED V
r4 BEBRY 0T17 HEEDOKRME TOHRFICL
BTHBIE, 2) 121 FBEDRRICRET
SRy OT17 HBEOAMEICIFRHERND,
MERBRICKHEICHIRT 2 Vrd BESEE
y OT17 MEDBIEICHETH D &, 3) HFE
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