1—5

BER MR RIC BT 2 R R OME L 2T - 1R

EENTFEE ENOE - HRERITIE Y & — R SR

(LA B
IR e e g%y BIEERKSEESES
ST JEREKE S
1. BFEeE® FRLK P RRES

AWFFEBEIL. NONPOOHFFEERE 2 TEA LT, Mg
AR, REY. BERESRE. REE. o7
M EOFEMRENEEE L. RO AR
R EXFBE T HEIEMREE ME/CFS7Z2 &) |
FREARHDMRS - IE (NINJAZR ) | B
PETADA, BEIRMESEE = 2 —a X5 —
(CIDP) 72 & OEEFRIZR W CHEHIK 22N - 1R
FIEDOBRRBIZ RN IMRAEHELZ L2 BN
L7c, BE MR, SR O PR
EMELE L7z U VoRBRIBNT R T 5 & L b
MRIYERLT > V VBB 22 EF LA A =P
TIRNT IR T AV ERA TR IR B O SRR EA
WFoe A D 7z, NONP7Z I} Cxbis T & 22\ VBF9ERd
RIZONT, B O W 218 THFgE % £l
L,

2. HFEEAERR

FAEFFEE

AT Fe B - RERFEE ¥ —
SHAFIE

efgiEEz B - RERDIEE 4 —
TRz EMRE - REREE 2 —
RARME] ESIREM - RERPEE & —
EREFEAR  E e - R EFEFEE 5 —
AR T ESCfEs - R ERIE T 7 —FkT
WoOOME  ESOREM - RERIRE V¥ —EbE
PEfRIF  ESCRERR  RERIIGCE 2 —JRbt
Be B OBEERKE

Hig  BRERFRFR

Wit ESR - RERIEE 4 —
(REDT=DFFITETHKT)

ERER MET I RERFRESER
(FHn 4K LY Bs)

3. BFEEEE

TR RERARE O B T RE MR IR BT 5 R
7 7Fa—F L LT, BT, R TER
L7CBgE, U o <ERARATHIFSE. QAT oe % 2 ifF 9%
BERATAOICEE D T & 7o, 3 FEMTEN TN DIFZE
SEIZOWTHERN L LI, ERERIZ R’ -
Too BEMNIADEPEICHEL T L L L, ARIER
HETITHE U THBTMICED TV 358 7 =
Vg bEPLIENT 5,

1) SREFEMRERICRT 2RFE Y 2R
BRIRITEIC Z8 R U o EfERgt & LT MR 08
PERIETERL D20 FREFFIEBE (NCNP SfZF 280
RAR) B3H 5, ZOWFRIL, MS BE RN M DOFH
JFHE Y 3Bk E LT NR4A2 B~ /Lo —T HifE
ERIELICZENDIEEY . NR4A2 /v 7T ¥
b= U ADWFFEN HHEITE MS OfEdEicBEES
BIREMEY 8k & LT Eomes Bit% T #ifa 2 [E
£ L (B. Raveney et al. Nat Comm. 2015), &
DICRAEMFIZET 2RF 2 ED TE T2, O
B 27vl ) TEECCE ERVWTEEIND
type I £ V¥ —7 xo U RRBEERMED
Prolactin 4 %1% L. Prolactin # /1 L C Eomes
e T MIlaXFE N IWFRRALL Lo



(C. Zhang et al. PNAS, 2019),

2021 #E BT, Eomes BBfE T MAEAS ZUaEST
B MS OFRBIEGMEEZRRT 51 A ~—H—
LLTHRATHODLOREREKRRTT- (B.
Raveney, et al. PNAS, 2021) , A5 SCid i EEAE
21T D Eomes BHEMBOERES MRI 12 X
2 IMZERE & ORSE &R T — & 2 & A ARG
GREEE (FFE. BB, EREFn, RA, ) 23
NUREELIRRETH D, S DICHEEME RN
R (RARRERR ZH) OFBMERIC BT
% Eomes BIEMIAER ORI Z &N TE L ([
A, ERRFD, FRER), E£7- CIDP S#iAtE—= = —
0 NF—BE R MIZEB T 5 Eomes BtEHIlE D
FEIZDWTHH LN TE 2 (L),

2) B & St R AR

NCNP TiiEfi~ U 2ADITEIERE FREL T5
[ENME— DHEER SR % B sa L. IBPARE A g 03
WAr, dbff - RARBIC L o TH#ED N TN S, +
ORERR ZTER L7e <L kg b i ot
7Y —EE T & 5 miR-21a-5p MIBEPHIE (K TFME
i~ MS OTEF L EAE ORERT & LC<
T EOWFE LTIL 1T EOREEY A v B
A VEFBETHIEEALMT LIZ, MS BEIC
1T 5 miR-21a-5p DEEMbHEER I, R 6
I3 AMED-CREST MIZE T, MS FB3E& ORGP BT
FEHHEL TR Y | ZOREEER T AP
LTFETHD,

3) ST RIMIE DRt & B EAR
B OB - BREX, HPV U7 F 1% 888
e R R 2 5 R IR R R AR /B M O O B B
(ME/CFS) & 512 NINJA & OFEERA « Fig s
RIS HRBRB LN EZEZLOND LD D, % DHEFF
BEAZSN TR LT, BELRNITHEETH D, 72
3 NINJA i3 MRI E{RIE® T 55 MS OEER
PWEEL - THRERBETH D . NCNP EOH
LW SRE ST EE PR R B Th D (Takewaki
et al. Neurology NN, 2018),

BIRBROEE LI, HPV U 7 5 1% Bk
FAERZEBNT OV TR L, I (bRE0F
PhtE. MEBEE P RIEMEY A b O A DI,
ME/CFS =& 2—HORER EOREE £
i,

ME/CFS Wi iuf ek ms L
TeTEFRATIRIE & ke L 8B DRI 21T - T
Do WETREI ORI, B 72 MRI BT
THOIMER Y MU= OFIEEB W,
ME/CFS DR DENLO R & MiFF OB E
MEZEETEE OFERBEEZHAL ML
(Fujii et al. J Neuroimaging. 2020), [Fl#H3Ci%#
DHFETRBBIAEROZ VL ERBES N,

NINJA \Z2W T, Bt R o skid i ikl
FRIEIZ X DR A D T X iz, AITBE RN MmO
U U SERIET 2 F OFEEAENLEA T2,
NINJA b &, RETRHDOGENTEME RS
T, P RGUEDFIESHEE S 2 B RS
LINTRNHDHEY, ZhIZBL NCNP 0¥
RITEBAFEE AV EHRREEO FEOR
BEfTol, WA E b iPS MM ZE V7R
FREBFA (LT T L DIERIC AT L. 6% OBEEHE
Za—aNF—REBETICERRREN G LN
7.

4) F Do BEERZ

R FRAR AR DR AL, MR E AR 12 4
IZOWTE & b4 L7z (Ishihara et al. Neurol
Genet . 2020), FEEBNEEE= 2 —n/F—
DEBELRENRETHL I L 2HEHT28ER
R TH 5,

NCNP TG TERWSEIZ OV T, S
DEETFIEHE b ENENHEE BT TV 5, BT
R OUTRE S ITEERESEEIC ST 208 aME T
MADEEMZR L7 (Ashida et al. Neurol
Neuroimmunol Neuroinflamm. 2021), Hi7 &
Fal) CEEERLT MuSK FUERMEFNIZ B
THREBROEER DD Z b, BErCERET
DIEFTOERBEZ ONEERRETH S,

NIERBERO=FIL, Hl AQP4 HUARBME & K



T ABEMBEFERAIC OV T 2D, B il
BEDGEDHPOBERETRAEL TVWDZ LH
T R U RREMEEBRIC T CRTE T AR % 1
7' 7= (Hoshino et al. J Neuroinflammation.
2022),

REARREVER B TH 2 i EHE 3R
{LIE (ALS) (Z31T 2 HERIEDF 5 ITHFEEH
ENTNWD, BIETRKOBEFE, T/~ TR
B OHEERRREMBILOA v F—a A X
19 DFELEZFRTREZFHEER L Komiya et al.
Mol Brain. 2020; Nakata et al, Res Vet Sci,
2021),

UEEROBAIL, ALS 02 HLWRER
BE LT, ALS DOWRE AR RN 2 —ARETE
ERWTEBRERIEORRBEED TRV | BBRHAR
AT THEEICHEIEDR - T 5, HlaBHE
BEMABEDED I LIZL > TEWEEDE S
Bl L LWATE AL LEERD,

LRI R TAIPADDERE LT, BEREkE
TADADEERRD b, P ROTEIL,
FATEE TR LRI E b LiFfm R B0
RIEBIRT 2 D7z, £ ORER, FUREAEN B
#ila Td 5 Plasmablasts & &AL L 7= 1 EREE
fatE T fla(circulating follicular T cells (¢Tfh))
DENTe EDRAb % B Uiz, % ORI
SNBHE LI R EEIIER SN
DR THD,

4. BELER

R, HAETH LI e ko
WTOIE UWERfIE & BIODASIAAS 0 | PHEEMEEE (B
BRES), REAMMETEHR (BRIEZSHM) T
FEESPIERESPHEND L DIk o7, N
BB L UNSHE IR SR B0 EEMS T,
HIRIREHRTELRNHDER-TWVD, E72
2025 F£i2i3, ERMREREYS (ISNI) OHRAK
BRERIRE > Z &b d Y | BERICRFHO T iR
HEDERITOVWTEL OWIREENBELE FE
TWd,
AWFFEEECHLY BT 7o, AR S L USRIE M

TR, (ERDFFFEHE TILTE D72 B Y A D8 72
ENTHAeh Tz, Lo UABIFEHETIE, MRI £
BT Y NVER, Ta—d A b A—Z—fRfr. B
HIRE LS D TR OB LWFEZEA LT,

ME/CFS 281} DM RESCRESNEE %
AL, BESRBEETANAR CIDP I2BiT 56
A OWTHEREED D Z LR T&ER, &
NOIEYUZERIBITART A L7 M 2E
DREBERTHY . EMREMOR Y hU—7
BOESHRELIEFIEER LD, SBOPIETIE.
WFIERL R DERR~ DR TT, Rk ORESLNT 7o
—FIZ L D OMREB ORI, FRIATR-CB

ERREE BRI ~NETH Y B2 THEEN L
END,

AU RBEDOFEIHITISH MR I N DRE LD
T D KOOI BRI L 5, BFEHED
FHELZR<FED bOTH D, HAERTEIZIIT
2 HORERF bHlE SN TV DES | gk
DFFFTIZFE D < iR IR B ORI IR B O TR TIER
L, NN LETETEERLOR RS THS
Do



FREE PR BB OB %2 F W 7 N RAESR
RBAREA & B - RIREEN ORIE

SrEWTRE WA &
g : E LG - R IRRT S0 2 v & — 1
e HEMERER

e

R T AR B T I P AR AR R A~ S
R 233 L 2$ECRhE. BhREE s L
5 %, SuEMRERMEEERP I 70 ) 7.
TAbud 4 bEEC XY, RERIGHTE
Fohnsd, HCREERKEEKREE TS
% % FEVERELAE 12, R RER S E REE
¥R THERERNOMIC, Re TR
REMREE & M FF R o ZoiE — Al lu 5 O AT
¥ RULT 52— %L T 2 HETE (SPMS)
BH B, SPMS icBnT, LD/ —7
IZERE R F Fomes BRI L T 3~ 0%
—T #ifEss MS DBE 7V OEITIRIEZ
JER L. 22 SPMS B ORI+ CcHEM
LTw3 b, ¥oicFfilgslgmEEt
K+ GranzymeB ZHI|WL Tnwad Lz R
H{ L 7z (Raveney & Nat. Comm 2015, PNAS
2021), AW T, FIHAEMZ V7 A
R oM R AT I X B R o [F] E e
REfRIT D B, T - RFBH L PREWE
BTH 2 HEREAREES LT LY
N = — R EE ORMILIC BT 3 RO
FHMl 21T 9 o

Tk .

NCNP &t i TEBAERE & 1Lz 5 FEHIC
DWNWT, 7u—H A4 b XA —F—BHTEIT
FRAR AR 1 B 1 2 BTG o FRATG & 1T
2 Tz BB 20 FDORBUEERALTIHT L

SPMS @ 51 it SEFRALTRT L
=9 AQP4 HiAABGHR MR F M &
(NMOSD) @ 54 i, ViEEdk
NMOSD o 52 B, ~—% v v ViFEoD
88 MEM., MRFEVOSHITHB, T7x.
SPMS fEFlicoWT T A A kL v 7
Rt A ER L. $ikELI/n—-F ) 74—
W DWTEHE L 72,

REMOBETCik, WRIT ALS &F 27
% -ADBE 9L LEEH23LLL, X
FE I Eomes [GPE Th #ifg 04K L RE IR
Eh7u—H%4 b A—2—CHEL THERK
EHR L ORBEIC O WTHRET L7, 7=, Bl
fa D HIfEREE M c o v ELISPOT &% A
WCHERR L 72

R
SPMS # & U NMOSD i B\ T i3, INEE
MR coRR Y VBB D, R
AL D B 7z &3 Normal appearing white
matter NAWM)IZ 3> T Eomes [544% Th#
faSEEICEREL Tz, B
NMOSD O R##EmE I 1d CD4+T #ifig &
B HifE o 0RMIRAD b iz, Tk
T NMOSD X [GHEF & B b | s L UH
R OBEMED 2 4 vi2 CDA+THllg <
Hotz, THIIEZARL LTI ORER,
AR (BN - U v 3H) & ik L, SPMS
AR (NAWM - fRZSER) I3 B e %8k
HORT2RD I, Tz, %H%%mj%%)ﬂw
5 THIZAG7 7 1) =38 > Tz,
FAEMH D Eomes I‘ﬁfﬂ[ﬂﬂ@k’)baf iz,
ALS #3E oK AHIM Th #iE+ Eomes Bt
R SEREE 1L 14.228.5% (@ %% 7.0£3.4%),
AD 8313 13.5+6.9% (@ %5 7.3+£3.7%)
ThY, BEELHBLTERICE» >



(P<0.01). Eomes [5Gt Th #AGDMEE &
Granzyme B Bt Th Mg OSEE ICIZIED
FEE % %, Th #ilg® Granzyme B IR
& AD - ALS B CENZTNEEFH IV E
25 7z (ALS: P<0.0001, AD: P<0.05).
ELISPOT ¥ <3, BEH Th #ilgo
Granzyme B ZF v FEAEIIHEEE LY
BEWKS -7 (ALS: P<0.01, AD: P<
0.01). %7, AD BEick\»T, RAHAE
fEE DR & Eomes G Th flfldoEE &
DOENCIEDHBE 2D 7.

5

MS % NMOSD &\ T, Eomes B Th
TR 23 e R DIRRETE R ICHF 5 LT3 &
&R E N, BB FRBENT & & FE
T RS C i X b, ROk
EM CORBENBAMEIC 5 T L AR S
b, F7z. SPMS & [FAERIC, Eomes [&E Th
FREAHRAEEREBORE~HEE L Tw»
B R[REME SRR & 7z,

R

b - ERE] T o ST IC X BRERETEY v
SNEROD[EFE & FRITIIREMRRRICERTH D |
Eomes B Th i@ o R MR EE~ DS
BILonwTI o 2MRABLETH 5,

BEIR ¢

Raveney, B. J., et al. (2021). Involvement of
cytotoxic Eomes-expressing CD4+ T cells in
secondary  progressive  multiple  sclerosis.
Proceedings of the National Academy of Sciences,
118(11).
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Biomolecules that are associated with neurological
diseases may become useful biomarkers for early
treatment  and
catamnestic observation of the diseases. To find

diagnosis, early medical
such biomarkers, cell-free nucleic acids are
considered as promising candidates. Cell-free
nucleic acids are extracellular and may play an
important role in cell-to-cell communication. In
our research, we search for cell-free nucleic acids
related to neurological diseases with immune
inflammation as candidate biomarkers and we
examined Multiple sclerosis (MS) as a target
disease.

Multiple sclerosis (MS) is an autoimmune
neurodegenerative disease of the central nervous
system (CNS), and many factors are involved in
lesion formation. Recent studies suggest that gut
microbiota affects the pathogenesis of MS. On the
other hand, exosomal miRNAs, a type of cell-free

RNA circulating in the blood, are also involved in
MS. However, it is not yet fully understood how
the microbiota is related to the immune responses
and if there is any association between microbiota
and circulating miRNAs in MS,

F#E (Methods)

We hypothesized that gut microbiota might control
the host immune system through blood-circulating
miRNAs. We generated gut microbiome dysbiosis
model mice by oral administration of non-
absorbing antibiotics cocktail (ABX) containing
kanamycin, vancomycin and colistin. The model
mice were subjected to experimental autoimmune
encephalomyelitis (EAE) by a conventional
method. Lymphocytes were isolated from the CNS,
spleen and blood to see the percentage of CD40" T
cells. For cell-free miRNA analysis, total RNA
was isolated from the plasma by a Plasma/Serum
circulating and exosomal RNA Purification kit and
miRNA expression analysis was performed by a
DNA chip of mouse miRNAs (3D-gene chip;
TORAY INDUSTRIES, INC) and real-time
(quantitative) PCR. Inhibition of miRNAs in
model mice was performed by intravenous
administration of antisense oligonucleotides of
miRNAs. In vitro LPS stimulation to epithelial
cells was done and miRNA expression was
examined. Microbial abundances were analysed
by 16S V3-V4 amplicon sequencing.

KGR L EE (Results & Discussion)

The results indicated that changes in gut
microbiome by ABX administration ameliorated
EAE. Fecal microbiome analysis by 16S V3-V4
amplicon sequencing indicated that gram-negative
strains were much more in EAE mice than in
ABX-treated (dysbiosis) EAE mice. MiRNA
profiles and real-time PCR analysis confirmed that
miR-21a-5p and miR-146a-5p were present as a
cell-free miRNA in the blood of EAE mice, and
markedly decreased in ABX-treated EAE mice. In
addition, administration of an inhibitor (antisense
oligonucleotides) for miR-21a-5p to EAE models



resulted in the reduction of the EAE severity and
T cell frequency in the CNS. When gut epithelial
cells were treated with LPS derived from gram-
negative strains, the cells secreted more exosomes
and cell-free miR-21a-5p, i.e., LPS stimulation
induced secretion of exosomes and miRNAs.
Transfection of naive T cells with miR-21a-5p
mimics increased the proinflammatory cytokines
IL17 and GM-CSF. When taken together, the
findings presented here suggest the possibility that
exosomal or cell-free miRNAs may be involved in
the association between gut microbiome and auto
immune responses in the EAE models.

%53 (Conclusion & future plans)

Our study provides us with a new insight into the
relationship between gut microbiome and EAE
with the addition of blood-circulating miRNAs as
potential messengers. To further clarify the
relationship, the target genes for miRNAs need to
be determined in the future.
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1-5 Development of novel therapy and diagnostics for

understanding of the intractable neurological diseases

Principal Investigator:
National Institute of Neuroscience, NCNP

Takashi Yamamura

The purpose of this study is to elucidate the immune/inflammatory
mechanisms, underlying intractable neurological diseases, which have not
consistenty been categorized as a neuroimmunological disorder. Given the
recent progress of neuroimmunogy as an interdisciplinary science, new
theories, novel diagnostic methods and therapeutic strategies, relying on the
immunology background, have lately emerged, aiming to improve the
prognosis of the patients. The target disorders assigned to this research group
include autoimmune encephalomyelitis, NINJA (normal brain neuroimaging
accompanies neuroimmunologically justified autoimmune encephalomyelitis)
and autoimmune encephalopathy/encephalitis and ME/CFS (myalgic
encephalomyelitis/chronic fatigue syndrome), intractable neuropathy among
others. For this purpose, we take a strategy to combine basic and clinical
researches, including neurologists, radiologists, immunologists, and
neuroscientists to promote inter-disciplinary collaborations. By applying
state-of-the-art methodologies, including flow cytometric analysis, searching
anti-neuronal autoantibodies, brain MRI network analysis, cell-free miRNA

analysis and B cell repertoire analysis, we have obtained provocative findings



which suggest the efficacy of immune-targeted drugs in some disorders. This
project, in line with the current academic trend, should be encouraged and

promoted without interruptions.



