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% ¢ % =| ldentification of specific gut microbiota involved
in the regulation of inflammatory miRNAs in experimental
autoimmune encephalomyelitis and multiple sclerosis.

Department of Immunology, National Institute of Neuroscience, NCNP, Tokyo, Japan.

Shanthappa Manu Mallahalli

Introduction:

Multiple Sclerosis (MS) is an autoimmune demyelinating disease of CNS, involving interplay of multiple genetic and
environmental factors, which leads to a chronic activation of the immune cells targeting CNS autoantigen. Involvement
of microbiota and gut immune cells has been correlated with the pathogenesis of MS. We have previously reported
that dysbiosis of gut microbiome significantly ameliorated the clinical course of EAE, which suggested the pivotal
role of gut microbiomes in CNS autoimmunity (Yokote et al., 2008). Analysis of bacterial 16S rRNA of MS patients
showed the moderate dysbiosis in the structure of gut microbiota. Among 19 depleted species in MS sample compare
to healthy control is observed, in which about 14 were belonging to Clostridia clusters XIVa and IV species, which
have the ability to produce short chain fatty acids which acts as anti-inflammatory agents (Miyake et al., 2015).
Extracellular vesicles (EVs) are the small non-nucleated vesicles derived from various cell types. EVs are usually
filled with biomolecules such as proteins, small nucleotide sequence called microRNAs (miRNAs) that are known to
serve as regulatory components in several biological responses. Circulating EVs including exosomes (micro vesicles)
play an important role in many signaling pathway by regulating gene expression, and the role of exosomal microRNA
in MS has been demonstrated in our previous study (Kimura et al., 2018). Here we tried to explored if exosomes and

miRNAs can be regulated by gut microbiota in experimental autoimmune encephalomyelitis (EAE).

Subjects and Methods:
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 injecting MOG 35.55 peptide in CFA. Fecal samples from the Normal, dysbiosis EAE, EAE
were collected at different time point and then 16s rRNA analysis were performed to know the microbiota composi-
tion. Exosome concentrations in the sera were quantified using enzymatic analysis. MOG tetramer 3555 reactive CD4*
T cells (%) were evaluated from the lymphocytes isolated from the SI, spleen and CNS. For cell-free miRNA analysis
of mouse and humans, total miRNA and exosomal miRNA was isolated from the plasma / serum using miRNA RNA
Purification kit and expression analysis was performed by a DNA chip of mouse miRNAs and TagMan miRNA assay.
For human study, about 8 MS patients and 8 healthy individuals blood samples were used. For invitro models second-
ary STC-1 epithelial cells line and LPS derived from E-coli was used. Cytokine expression analysis was performed by

transfecting miRNA mimics into naive CD4* cells and standard ELISA kits were used for quantification.

Results:

Alteration of gut microbiome by antibiotic cocktail administration (Dysbiosis model) ameliorate signs of EAE in
mice, along with a notable change in gut microbiota composition. Fecal 16s rRNA microbiome analysis of EAE mice
showed increased gram-negative species Akkermansia, but greatly suppressed in dysbiosis model. Lymphocyte anal-
ysis showed the significant increase of total T cells and MOG tetramer s5.55 reactive CD4* T cells in small intestine and
central nervous system of EAE mice compared with dysbiosis mice. We also revealed substantial changes in the cir-
culating exosome and significant increase in the expression of miR-21a-5p both in EAE and MS patients but signifi-
cantly reduced in dysbiosis EAE model. Transfection of miR-21a-5p into naive CD4* T cells can potentially increase
the level of inflammatory cytokine IL17A and GM-CSF expression. Notably, miR-21a-5p secreted through LPS stimu-

lation can potentially exuberate immune condition through pro inflammatory cytokine.

Discussion:
Here we showed that microbiota influence the clinical severity of EAE mice by altering the gut residing CD4* cells,

gram negative bacteria specially Akkermansia is known to be dominated in EAE mice where, mice with altered



microbiome contains gram positive species as a major microbiome. Therefore, gram negative species may play key
role in the expansion of pathogenic CD4* cells in EAE mice. Furthermore, in the invitro set up LPS of gram negative
bacteria can stimulate gut epithelial cells to produce miRNA-21a-6p both as cell free and exosomal content. This
miRNA-21a-6p can changes the cellular protein expression in naive CD4" cells in Th17 conditioned medium and stim-
ulate them to secrete significantly very high level of pro inflammatory cytokines IL17 and GM-CSF. Overall our results
shows the role of gram negative bacterial membrane LPS in the expression of pro inflammatory miRNA-21a-5p, but it

remains to be explored if Akkermansia and miR-21a-6p expression correlate each other in EAE severity.

Conclusion:
Our results indicate that gut microbiome may significantly influence the gut T cell pathogenicity through miRNAs
in EAE.

Collaborators:
Hirohiko Hohjoh? Wakiro Sato!, Shinji Oki' and Takashi Yamamura'.

L Dep. of Immunology, National Institute of Neuroscience, NCNP

2 Dep. of Molecular Pharmacology, National Institute of Neuroscience, NCNP
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ZHRMRALE (MS) (3, BEEH & BEEROMA 2RI L) . PFIRAEERIE L2 O RIEEOBBIRETH) . 20

2 OOERE, FAKHEESRO B OIS SO R O 22 G L 2 5 S 23 B 2 X NI 3 & B feye i o3,
MS OFIES$ 2 2 EDWAL 0L B o TV, RIS BIE, BNMEET LT 2 2 210k b, EBRYA CREdig
Bize (BAE) OBEERAIZLT 22 E2MELTHY ., 2O L 3BAMEED AR B CRERBICH L CHEE 2%
HEZHS>TWDHZ L %ERIET S (Yokote et al., 2008) & 512, MS EHH R NME R D 16S rRNA T % 17 - 728G 9. B
EATIITREOBNMEE NS ¥ ALH (F4 ANAF =V RA) BELTWLIERHLRNE BTz, ThRbEEE AL LK
LT, MS BETIE 19 HEHOBNME O Ao i, 2095 14 FEHOBNMTEIE, FUIREEH % =2 SR IH R O fRik
EGTAZOAN) YL FAY—XIVa & IVHEIETAMBE CTHDLZ Ebh o7z (Miyake et al., 2015) o

Myt g (EV) (3NITERO/NMITH D) . Bia ZHHEOMIAEA T 5. EVILEHE, ¥ 2787 <1 7 10 RNA (miRNA)
EMHEN 2 T H) BREER 7 E O ARSI & o Thili7z S TEB D L FFIZ miRNA bk« 2B RIS EORIBEIR & LCERT 5 2
EPHONT VD, 7YY =K EMHENLBNEE &8 RNTEERT 2 EVIE. 8% ¥ 7 5 WRERR OB 51588 %
FTrHrZ k), mEREEEZELT, INFTICALZLIE, MSICBIFA T2 VY —ANO miRNA OEENZDWTHREZ1T-
T &7 (Kimura et al., 2018), &4 A7, EAEJERETICBW T, T2 VY — A L ZONEO miRNA 75, BNAIE#EIZ X -
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HFIRAT Y Ny aARAL Ty ) AF 205755 SHEOWEIERWIEOHAEWE S 7 7V (ABX) %, ¥ 7 AIROKSGS
HIEIZED, TAARNA T =V ARFE L2, Fo704 Y MEET Y 2Ny MIEE L7z MOGssss 7T Ko~ A
53228124, EAE 238 L7z, BH~Y YA, EAEY YA, BLXOT A ANAF =T AEFHE L2 EAE v 7 A0 3 DT
BB . FREFIOICHEME A, 7V F ML L. 16S rRNA AT 12 & 0 BT O RIS T 247 o 720 MIEHO T2 V) — Lk
& MRENLTTEE A CER Lz, NEEAEMRE. M B X O L ) o L7z) v osska 5 e LT, MOG 7
k5~ — RS CD4 Btk T e sl &% i L7z, & B XU~ 7 204+ miRNA O 1213, miRNA 3% » b %
WCIIHES X G A S8 miRNA 3 L OFL27 v v — AN miRNA % 28 L7z ~ 7 A miRNA 1 ® DNA chip 3 X 0°k I TagMan
miRNA 7 v £ 4 & T, ZN2ND miRNA OSBRI 217572, & METIZBWTIE, 8B/ AL 8 %D MS BE H*
DM > TV iz B B O invitro 70V & LT, B8 LEMIE STC-1 2 v, KIpEHED ) RL4E (LPS) %
TR A AT 2 720 4 DI A ZBBURNTIZ BV CTlE. FFRI97: miRNA 48 % . F 1 — 7 CD4 Bk T M5 T3 A
L. A oA oz, BiEgy2: ELISA ¥ v M &2 L7,

i

ABX D HAZ L) T4 ANAF =V AZFELLETI (F4 ANAF =Y AETIV) Tld, BEE % BN O ML LR 0 %8
L% - T, EAE ORRFAEIRDTLE L7z ~ 7 AZEH D 16S rRNA BT OFEE, EAE vV AT 7 7 LBUREETH L T H~
YYTHEABML T WA, T ANAF =Y ARFE L2 EAE v AT, FBEIZE L A LT, ) 2o SERRT
5. EAE ¥ 7 ZAOWE B X O IRAIHERICHA T 5 ) v 285kod Tt THMifo#Ek. B3 XOMOG 7 b I ~—stEo T iz
B, T4 ANA T =Y AEFEL/ZEAE ¥~ 7 A LI L THINL Twiz, EHICKREMFOL Y VY — AP KRECEH LT
BY, EAE Y7 AL MSEBEOMHIZBWT, ¥4 271 RNA miR-21a-6p DEEPEFICHEML /72— T, T4 AN F—2
AHFHEL72BAE 7 A TIEA~A 7O RNAMEK T LTWAZ Edbhorze 4 —7 CD4 Bt T MAIC miR-21a-5p # &
fEAEAT LI EICE D, KEWETA I A 0 THEA vy —a 4 %217 (L-17) LR - ~7 07 7 =Yoo= —jl#HR
T (GM-CSF) O%BLs#E5 L7z, #5i. LPS IS & 0 @k Sz miR-21a-bp 25, KIEMEY 4 b A v 2 L CHRiER % IR
LT 22 LR E 572,

B

RIFFEDORE RS S BHNMREFEDSBE NS AT 5 CD4 Btk T Mifu oM E % 2t &8 2 2 12 L > T, EAE ¥ 7 A0JFEDE
SEFEICI B A G2 52RO N E otz Thbb, EAEY Y ATIEYZ I ABRMEMTHL T I~ > T THARIML TV
B TAAINAFT =V ATTATIRT T AGURPEELEE CH o7z L7z > T TNHD T T ABRERA. EAE v 7 A1
B BRI CD4 Btk T MBI i) 2 &8 % 7z L T0 A I REMAVR SNz S 512 in vitro OIFH 5. 7T ABH
WSRO LPS ORI % ) 72 5% Rk <l Milgsts L Ot 2 v v — AN miR-21a-5p OFBELEINT 5 2 & 258 5
M osze 72 miR-21a-5p DML X - T, Thl17 iFESM T THAE L7214 — 7 CDA Gk T#Milan & >3 7 MEB AL
L. RIEHEY A M4 2T b IL-17T X GM-CSF OFEBIFH L {WilT 5 2 LAVRENTze —HOMMRD S, SHEMHED miR-21a-
5p OHEBHIEIZBIT B, 7T AR RO LPS ORENHH S 1L 572, 4k, BAEREOEREL L, 7HY Y Y THBX
O miR-21a-bp & DRAHIZOWT, S LI 2 D 2 LEDVH L LE 2 bz,

RN
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G2 T LW REMEDR ST,

/AT YIE
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@ 27V UFERRBET VY AGHOF L — MITH D2 T) Vv R EGEBREORG T 52 Ik o T
BeEhE ) Iy Fat A FOT R M-V APFESIN, MAOLMEEFESES (6], 22T, 8HED
C5TBL/6 <7 A120.2% 27 70V »&HEF (CPZ) F721302% 2 7)Y 2% 2 L 7F v &h R (CPZ/
CR) #x 5 BMREITEINS ., BHET VYT R E2ER Lz IO OFFEER % 5 BEEIR L7~ 7 2% 4%
PFA THEFRFEEL, L2~ 2ADME 7 54 F A% v b T 12um OE S |2 L CHASE A 2R L 72,
WIS, VER S NBE YR & S FPUR % IV CHOLRERR BRI X VT 21T o 72, $72. BT IEmEES
BHIZIE25% 7V — VT VT K, 4%PFA THREE L. il L72RSs = R OBaE L7005,
R AV} aa oy (o T DA (5 LN ichi: £9) )l = #1 bunl e e kL A N R = = B

[#5R]

@ 8w (K~ A) & 187 Ak (s~ A) @ C57BL/6 ¥ 7 ADRGEN THEHHILHERITY AV AIZL Y
GFP NNV ENH—DF ) I72 Fa¥ A hOREEZENT L7z, TO/MR, Eln~ v AT~ T A &
WARTEMIZE) T2 Fadh A bORER Va7 720 4 DF) T2 Fad A hosgo A
P () 12 RE LA bz, INEORKELS. MleBLicX ) F ) ITFY Pt A boJEREIC
WAEPE LB EDPRBEINT,

@ 7VT7FrOBMTRIREEMEET 572912, CPZ %7213 CPZ/CR % I & 872~ 7 AP M- 1 AT
4T o 720 9. CPZ F 7213 CPZ/CR BHUZ X V) A TFHE SN T A 9% iR 5 72012 FluoroMyelin 4%
BETW, L TWwaE 2 L 2R L 720 I, anti-myelin basic protein (MBP). anti-ionized calcium-
binding adapter moleculel (Ibal). anti-01ig2. anti-adenomatous polyposis coll (APC/CCl) ¥ifk% Jiv>T
FOUSRAERRR GRS L 0 DS DT 2 4T o 720 ZD#ER. CPZ/CR¥\FGHTIRERE I ¥ v 3y
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ECTdhDH MBP o4t D <, 01ig2 & CCLASE b IZkuth& 2 A ) 7 Fat 4 b OEBHE
MICEWI EDRHSE NI 572,
W2, CPZ ¥ 7213 CPZ/CR # B S ¥ 72~ 7 AR A BT M L Y ET &2 1T-72L 2 A, CPZ/CR Tl
BEACH B RDS L W LD S DIIh o720 F20 ST D ORESOIRIE L L CTHZICHE ST 5 Goratio
(ZEEMBELEAZI D) DOEZELR) 2EB L2 2 A, CPZ/CR %5 TIEHENIZ G-ratio 2MET L
TWABZ ERWS DI 72,

[ERESEORE]

AWFgElx. RV-GFP # W CH—OF ) I7 2 Fud 4 2L, Btk 4 ) I72 Fat A FoJEkE
AT L 7oA, B nA ) I7 0 Fud A PORRBICEES R OND 2 L2 RnWZ L7z, %, i~ A
TIFHIERRBEDME T LT b 720, /A LEE IR AR RE ). BB PR ) MO BT 55 2 LG SN TE
72 [1. 2] E4E, BBERRICAEGF LA ) I7 Y Fad g "I 1) Y288 4 2 &L 28 [6].
HEAELA)TITy Fath g M &ENE L72BEEREMNEE SNWVRO TV, SEgE s/ 4) 72 Fadr
1 boORERE L, MBI I hay P 7TOEGRKETRI ) VIBRKGORDIERT,230TH D
LEZOLNDL, SRIEZUOCETEMERM 2 AT LAY T7 2 Fud 4 oM/ E L~V TORE
WZOWTIIT S 2 FETH D, SHOMITIZED, ML NV TORFEFHI LY VLEEOMZEIS AT 5
CEHTENUIREEITRT OMIIZ O D 2 EPHIFEE NS,

F 72, AL T IMRALE DIIRBEMILEM E LT LT F o 2 W2 L, OB TR % 9258 L 72,
JLTFUERIZEY . F) IFy Fuad A P ofilaESEROTEMRERLIZOT I =) Y LIZLE R ATP @
RN 2RO L 2 L THIBAETRB L OB I ) VLR IRESE 2 2 L05E X b7z, SRIEIEREENT 2 )
HEHFRICHE LNEREEE T VY A (7] REBRHCREEREREE TV TORGEIC L ) . HEICES
SEEREREE EAD L 7 LT F Y OEH AN Z X LIOWTIRN T 2. S50, Zis~Y A7 L T7F v %8
S5 2L THRELOTIREH I L) MUBEORBS A ON 02 THRDLTFETH 5,

[#&5am

AR RIC BT A BRI TH 54 I7 2 Fat A MEBLIZ X D IRREORE PGSR SNL Z L8
RRENTz, T, Z LT F IIBRBETMRD S O . ZIEMRELAE DR 72 2 iGFRERHE & 7 BT REEARIZ &
Nizo 1%, B~ A7 LT F 2253 5 2 L THRFRRPE S UL, ZRMRLEDETFHiB L O
I AMEDRMEIEL 25 2 EDHIFI NS,

i)

R M2 (BGERRS RYED M AR )
W fEE (BBERRSE R B SR e e )

LGN

1. Cantuti-Castelvetri L et al., Defective cholesterol clearance limits remyelination in the aged central nervous system. Science.
2018; 359 (6376): 684-688.

2. Neumann B et al., Metformin Restores CNS Remyelination Capacity by Rejuvenating Aged Stem Cells. Cell Stem Cell. 2019;
25 (4): 473-485.

3. Chamberlain KA et al., Creatine Enhances Mitochondrial-Mediated Oligodendrocyte Survival After Demyelinating Injury.
J Neurosci. 2017; 37 (6): 1479-1492.

4. Osanai Y et al., Rabies virus-mediated oligodendrocyte labeling reveals a single oligodendrocyte myelinates axons from distinct
brain regions. Glia. 2017; 65 (1): 93-105.

5. Matsushima GK and Morell P., The neurotoxicant, cuprizone, as a model to study demyelination and remyelination in the central
nervous system. Brain Pathol. 2001; 11 (1): 107-116.

6. Bacmeister CM et al., Motor learning promotes remyelination via new and surviving oligodendrocytes. Nat Neurosci. 2020;
23 (7): 819-831.

7. Yamazaki R et al., Acute motor deficit and subsequent remyelination-associated recovery following internal capsule demyelin-

ation in mice. J Neurochem. 2021; 156 (6): 917-928.
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mrRz| SARTHAICBIACDIIcHEEBRMED

I S5k O 7

EN SRS AN BN RSBl - AR g2 7 —  AEEIEZET SR YEESE SR
KB ok — W

[#E]

MR ZE, 7 A a4 MR TS5 AQP4 IZX T 5 HOPUE (BL AQP4 Hufk) 12 X o THimhiE & H il
ISR E SN D HORIEMIRE TH B0 VANV AERR T 7 F VS 2 & o P ICHRE T ) &
FEEBOH D HIHE TS5 BT 1A FRIRREIIHIR 2 RIICAIRY 2 L% 053H % [1]o (ZF, AH
TG FIEEE L LT IL-6 XBEEERETH LY 7)) Ax 7, filklEETHL s ) X~ 7, $it CD19 hifk
THHA L) A THRBENTZDBGFE IR T 60 L EOEEIEEN b D% 2w 55 BRI
&G EORIER RS S, ARARB 2 BRI SKD 5% o

KA OWMRETIE, KM OBEEEMETHZ 77 A~ 77 A FHYIL-6 BAFHEICH AQP4 Hilk % LT 5
CEETTIEEELTY [2] 25, BMEOGLO#BEE TN % 77 X~ 7 7 X bo3siBls 2 P 3R &
TV, S0l HAEERRICB T 2 HCMAEEEOT WO 2352 L2 HIZ, &5 ) 7 b —
7 A (SLE) IZBWT7 7 A< 77 A OBkl & L Citfik & 0 #iE [3, 41 &h/zCDI1lckuiEBMilE (CD19
+CD1lch) (Z3EH L, BE KM CD11c byt B Milld Ot REMENT % Bias L 72,

[X3% - %]

ESZAB - MFREERIT7E £ > & —IRBE I lbet XX AR ORERI D 9 £ U AQP4A B W OB FER Bl %<
SRR R AR . (NMOSD) O iikk# (Wingerchuk et al., 2015) &7z 9EGI 2 xS & L, KA1
> SERHL ST AT 24T 720 2020 AERE TS 0 29 6 (4Fs 555+ 11.9 5%, W2 :27) ZHRE L., #
TR G 20 SEG] (FFRE 2.6 +12.6 . BRI 31 17) LB L7z, BEREDD B 1456 (k6 55.1+12.6 k.
B2 12) 3% 7 ) A TEAZOKIIN) >/ SERIESBFENT % 4 2 HRIAT, RGERE L2 %
FEHTCTNOEE 1 PAUNICHESEEZ L TORVWERIHOEFTH Y, + 7)) X< 72 HHISEA L7 EH)
(2B U TS AR (T 7 7% & UM A BT 7 2 ) P 2 REBR L 72 B 3Vl dr o 726

[#&R]

K> CD19 bk B AHNEHE 4 W AT Tld. B#EFEIZIB VT CD11ce btk BAlig (CD19+CD11chs) D& & D
BRELEME RO, 72 CD11c Btk BMilaoHIGIEEFEHTIE 77 X~ 7 7 X b (CD19+CD27"eCD38"ieh)
DEEG EAEZEOHBZ ROz, AEEI L o725 CD1lc ik B Mlao& &L 8% O RmiiH & EoHH
© 9 N Z D70

¥+ 7)) A= THRGHI RO ES#ENTTld, CD11c Byt B Mo CD19 Btk B Mg o F &34 L THB 5§,
—FBARXT B BN B REG b AR L 72 R % 8§ % 72 O Mifa & o IL-6R OFEH 2 f#T 3% £, CD1lc ik
BATIZT I AYT I AMERLD) IL6REZREILL TV EAHL2L 2D, CD1le Bk B Mgz ~ 7
) AT OB 2508 % 2T % WITRRIEAVRIZ S 7z,

WIZ. CD1lc M BMifaE 7a— A P A b —THEEL, 77 X< 77 A ML 2 MR T % [ L7z,
SLE oBE#ds [3] &Kk, CD1lc Btk B #ifid TLR7 ~o¥ili (R848) & IL-21, IL-2 2L o TT I AYTF
A b~GEL, IENg 2350k % S 51fE 3 2 L 2 fERE L. S F#H 7212 IFND & IFNg L[EERIC T I A< 7T A bAD
bR 2Lz L7,

[Zx]

RIfFgeCid, ERATH - THEBERMINFIZT I X~7 5 2 FOREHLCTH 5 CD11c Bt B M AT &)
ATHAE L, IL-6 FHEHRZ S LTV AHIH LA L nwZ EH S L o7z, AR ERE LY AV 2K
Ye o 2 S REALE B 2§ 2 IGHESECTd 5 IFND HA OF G0 FHEOIZERIC R 5 2 L 05N TB Y, TLRT
signaling. interferon signaling O{%£{t2s CD11c F1E B Mg & HOPUEEA 79 X< 7T X bAOG LDl
27> TV B REMEDRIZ S 7z,
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[FRE CIREDES]

BB RN 5 58 L 72 CD11c Bt BRI 79 X~ 75 A N AT AQP4 Jufk % i Ed 5 &4 - W10k
# 2 LR EBR CBUEMRE T Ch b X7z, BERMILT O B ML Ml CD11c Kyt B LAY A9 12380 L
TV EDEFREHLPIZT L7012, NMO OFFEIZBWTH A — 7 Billanr 5 CD11c Bk B fila~o 41t
EHETHIHFEREL T FETH S,

(#&ER

YTV ASTNETTARTTAMDIL-6 &4 L7z HOYUREAE 2 I LEN-HEFRIRTET 5 [6] o5
5% CD1lc Bl BMIEAS 79 A~ 7 7 A b ORibRilia &L LT L TWE I ET, 74 VARGERLHIEOH
&> TTIATT I A ML LERICEL WL 2 TETE R\ HMEEHAESRIZB 5 CD11c Bk
BHIEORBEIZAL 22l > TE O T, HWEREMIET 2 LEP D 5, HMMEEMEZICBIT 5 ACIURELE T T
AR T T AMOGAOBELZAS 212 L, FrEEFRIENEZRRT L L ICEBEMAUI DL LEZ S,

[FAZEHFIE]
(ERERI RS (ELRGH - WEEERIT e > & —  FEWIERT  Sastfseip)
Wt B (ESIHR - ARRIEHEGE L v 4 —  RMRERFSERT  SERfsti)

EL TGN
1. Pittock SJ, Zekeridou A, Weinshenker BG. Hope for patients with neuromyelitis optica spectrum disorders - from mechanisms

to trials. Nat Rev Newrol. 2021; 17: 759-773.

2. Chihara N, Aranami T, Sato W, et al. Interleukin 6 signaling promotes anti-aquaporin 4 autoantibody production from plasmab-

lasts in neuromyelitis optica. Proceedings of the National Academy of Sciences 2011; 108: 3701-3706.

3. Jenks SA, Cashman KS, Zumaquero E, et al. Distinct Effector B Cells Induced by Unregulated Toll-like Receptor 7 Contribute to
Pathogenic Responses in Systemic Lupus Erythematosus. Immunity 2018; 49: 725-739.

4. Wang S, Wang J, Kumar V, et al. IL-21 drives expansion and plasma cell differentiation of autoreactive CD11c hi T-bet + B cells
in SLE. Nat Commun. 2018; 9: 1758.

5. Yamamura T, Kleiter I, Fujihara K, et al. Trial of Satralizumab in Neuromyelitis Optica Spectrum Disorder. N Engl J Med. 2019
Nov 28; 381 (22): 2114-2124.
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mr x| SRR HRICBILEMET VOMLE
ATP %% —4 "y e L2 iR DA A
KB BRERIIGeR AREPIF:
A 8 R’ 2

[#S]

HAEE % (neuromyelitis optica : NMO) ZHAREPLERLEH AL 2T LR RERETH L. 1894 4F
Devic 5 AERIFRE % 1T-> THB Y. 2000 FEHF CTIEL5MUMALIE (multiple sclerosis @ MS) O—RTCdH % 1
R 2 28 MEMLAE  (Optic-spinal form of MS : OSMS) & XN T 7z, LA L 2004 4E121E NMO BE1CB
WCHCHUADFER S, 2005 EIIIPURAT A badr A MREOT 7 7HR) v 4 (AQP4) TH5H I L
7= [1. 2]o 2009 4F121x AQP4 LR DREEAFER S 172 [8. 4], 20 &9 12 NMO 3 EME H CHE DR E L
LV REBEESDHEL L 7ze NMO 135k 4 2R EERE 2 £ 5 525, MfEEEWEERIEZO—2TH 5, NMO EIHEIE
MSHERICHARTEETH S I EHE L, —NREFER A YA A R Th ar ba— VvHEfETH b\ A
P2 ed% . BRMICKERMBEL 2> Twd [6]o LA L NMO OMEREEMEERO 2 = X AT 53
EIFZEIZIT & A Lo\ DILONOBIZEE Tld NMO BE B T A — V#1734 — ~ (damage associated
molecular patterns : DAMPs) ®—2>T#%% I b2 > FY 7 DNAAYNMO BERER T LA L TWH I L& T2
RLTWS (6] S NI RAYMRREEWIE OB T TV TIEATP EETH L LT TIZMSNTWAE I & [7],
ATP % DAMPs O—43FTd 5 Z &5 NMOKIRIZB W T ATP IZEH L. Z IR A 7 = X L % R LH#
WEASSE Higd 2 & & HWICWige 217> 72 (8o

[753F]

LR 7EE1d NMO BHE Rtk ) 2 ¥4 > b AQP4 Hifk (AQP4 Ab) % ¥ ¥ 7 )V VHEE % il v CTfE
WL TICHE LTS [9], SHEGHED LA 25 v F D 10 gt L ~)VHEIC AQP4 Ab % EEEST L oy
ETWVEVER L72e RERA O CHBEO AQP4, TA MO A MO~ —TH D7) THMEBIEEAE (glial
fibrillary acidic protein : GFAP) % #3452 & TIREDMER X IT o720 T DENW OFEMIL % Von Frey #B& T
FEFERTIZETAM L 720 AQP4 Ab O 5-12 X 1) AQP4 iE#IZsH v Mg EEHfE 293 (Human Embryonic Kidney cells
293 1 HEK293) £ 9 v b7 IV =7 A MaH A4 :H 56 ATP R ENTWEPNT 7 25— T v+ A Tl
L72e E5ICNMO BERMATP 2V 727 —¥7 vt A CTHUFHliL 7. & 512 ATP fESETdH %5 TNP-
ATP % H#il2 AQP4 Ab L3642 542 2 & THRIFEM T 2 2Rl L72o F2HRDO N T 2 A7) 7+ — AfFHTIC &
DIy ba—)VEE NMO BOBEMOFG 21T 5720 & 5IZDAMPs O Tt A Mo A v & LTRSS IL-1 f D
HRAUR 15 L COERDUET 2 22 L7 (101,

[#ER]

VA ATy M AQP4 Ab #:5-%% 3 HHIZ 2 » b v — VHufRiz 54 & i L € NMO #ECTF B k8 RS O
BIEDMET L, BEMERZREL CWD T 2R L7 RICAQP4ADIZEY) HEK293 &5 v F7I 4 ) —T A b
O A b5 ATP AU S 2 & 2 FERE L 720 NMO ER 7 ATP (22 EH . S & L1 MS oAk, &
. ABOMRERB LR THEBEICBE TH S 2 L bER L7z, TNP-ATP OFHI 512 L ) k5% 3 HHO
PERRIEIRDSTE R L7z BREO b T Y A2 ) T b= LT 2475 Co FRASHHTI 2 Mo — VL NMO HEO B
DTEENTE, D ATP ZHERO BB O E B0 72, FMREEREROET TV TT TICEERE L HRE SN
TWw5b ATP 2K CTH 5 P2X4R & NMO B CHIILHEL Tz [Tl T2 v F A ¥ MNEN T Toll BB D
pathway. IL-5 @ pathway. fiifA# 27— K7 &k b NMO T TIZEE & REDH 5 pathway 2SIV TV 5 2
ERMER L7z, SHICHRBLEA L T3 50 O#EEFHICK L T STRING fi##T 47> 72 & & A ILIB 7 hub gene
Lo Tz, TL-1 BIEEMMREEEEER CT CIUEREZTI SR I TS MM v ELTHBNA TS I L,
DAMPs 2 HERRMBLIC F v v F SN BRICHWMENDLT A AL v THDH I EH 5 NMO EFE OBEENEZ 5
7z [10]s
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[ZF]

ATP I3MIEIEIZ & o THH E s DAMPs O—fT& 1) . NMO (235> T DAMPs (3 BRI R OFE ML 2 23

ZEPHBENT VD, BARREOREIIH OB EIIE R U4 2 BICEAS- L Twb 5, NMO D L) %
FRORE P B B O & OB & s L 2 2RIE 2 F Tz, ARl NMO 3895 12 ATP 28B4 4 W B & 7R
FTIENTE, 2B NMOERE ATP /1 A7 — RO S 512D, L OHRBBERO S F%2 5 =47y

I

WS L7272 BRI D B3 b EZ R T b,

[#&5aR

AQPAHUAIZE Y Z v b T A budhA b5 ATP At S, ATP IENMO iz 5| & 23 2 L 25 H I

L720 NMO 9 v FEBITIZDAMPS D Fiiitr A4 A4 > E LTHISGNS IL-1 B OEBSTLHEL Tz, £
IL-1 B, IL-1 BDOAAL V) —ATHAHI 71027 THANMO EMICEEST L2 L T,

(W5t &)

B et CKBORY BESREIER AHEAEE)
KT o KBRS BEERBFGeR  aEnaRs)
WK WA CKBORY EZREIER AR

[ZZEXHR]

1. Lennon PVA, et al., A serum autoantibody marker of neuromyelitis optica: Distinction from multiple sclerosis. Lancet. 2004; 364
(9451): 2106-12.

2. Lennon VA, et al., IgG marker of optic-spinal multiple sclerosis binds to the aquaporin-4 water channel. J Exp Med. 2005; 202 (4):
473-7.

3. Kinoshita M, et al., Astrocytic necrosis is induced by anti-aquaporin-4 antibody-positive serum. Neuroreport. 2009; 20 (5):
508-12.

4. Kinoshita M, et al., Neuromyelitis optica: Passive transfer to rats by human immunoglobulin. Biochem Biophys Res Commun.
2009; 386 (4): 623-7.

5. Qian P, et al., Association of neuromyelitis optica with severe and intractable pain. Arch Neurol. 2012; 69 (11): 1482-7.

6. Yamashita K| et al., Cerebrospinal fluid mitochondrial DNA in neuromyelitis optica spectrum disorder. J Neuroinflammation.
2018; 15 (1): 1-9.

7. Tsuda M, et al., P2X4 receptors and neuropathic pain. Front Cell Neurosci. 2013; 7: 1-6.

Ishikura T, et al., Anti-AQP4 autoantibodies promote ATP release from astrocytes and induce mechanical pain in rats. 2021; 1-12.
Shimizu M, et al., Mitochondrial DNA enhance innate immune responses in neuromyelitis optica by monocyte recruitment and

activation. Sci Rep. 2020; 10 (1): 1-12.

10. Schett G, et al., Interleukin-1 function and role in rheumatic disease. Nat Rev Rheumatol. 2016; 12 (1): 14-24.
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wige 5 =] NEDA-3ZHERL CV5% FETEMALSE B #ITHT5

SIE AR

IR HJESEEA R - ARG e 5 —  ARERIGE Sl
=T XE L

[#%E]

Z IS MEREAGIE (multiple sclerosis : MS) &, HKHRERO SSEEMEERETH D . HI L EFa E L. ik
MEENEET LI ETEED ADL # KT &85, FIEMFEMS (RRMS) OEBF I LT, BETFHICLY EE
OEMMZ: ADL 24 a2 HlE L, A v —7xuar g (IFN B). 7oF5~—FMiE (GA). 71~
TYVER, VAFIVTINVEE, 551 Y~7 (NTZ) S0O8R% L(EMAEFE T b - 2 B5H3E (DMD) oA
MHRWZEN, mREL L TEH SN TS, DMD OEFSRIGEZ T L1, $726 CEE T O REGEHEDOZE
LIZ&k o TRLR 2720, DMD ZEHA%RS TOEAOMRA A5 TH 20 2iHii L T CLENRH D, MS BFIZ
B2 DMD & W 7ziE#IEIE - LT, NEDA (no evidence of disease activity) &\ BE&2MEE SR TW5
[1]o L2L. NEDA IZB5-3 2 EZ2EF I oI dBH s s EnTnin,

413, NEDA % Ehk - BIHEE L T b MS BFICBI A B2 S 202 L, #1727 MS OJRREZLE
DREFHIREEZ RO 2 L2 HIE LT, LTOMEE1T- 720

(X5 - AiE]
1) RAHILY > 2 SERFENT
G, ELLRE M - MR ZE Y v ¥ —IRBRICEBE L. A2, NEDA-3 % 2 4EH] DL EMER L Qv 2 FESSTE M
I MS (RRMS) £ 31 % (NEDA# : DMD £ 5%, #IOA704 K84, IFN f 9%. GAb %#. NTZ
44) & NEDA % RRMS % 74 (EDAHE) & L7z WHRORMMERNL, 70— 1 b X—%—%H
W72 ) VSERTR A IERATIC S D . T A, B AIAE, NKAIE. monocyte O 40 O % #l5E L. NEDA &
EDA #ECH#E L 720 monocyte HisEI2DWCid NEDA # 3 #4. EDA#E 6 %4, % AR 10 #2280l &Ff
NEDA #f 34 %, EDA # 13 4. fl% ABE 10 %12 BV TR 247> 720 72, monocyte 45 [ D4 & K
RSB O B & FRAT L 72
2) monocyte B X Bl T Ml (Treg) #3558 D il
fie# A DMD RO MS BRI 5, 70— 1 b XA —%—% I\ »Cnon classical monocyte (NCM :
CD149mCD16* monocyte). classical monocyte (CM : CD14"¢"CD16~ monocyte) %7 L7z, 96well 7L —
b % AW, anti-CD3. M-CSF O T T, FIFND monocyte 71 & [6 £# o CD4* T Ml & % 4 HRE
B 7o, RSB OMIE A B L, CDA* T #ilIZ 31T 5 HIH#ME T M (foxp3* CD4* Teell) DHEEEIZDOWT
T U= A b A—F —% F TR L 72,
3) monocyte #5281 % =TI Ol
fl N R RRMS B3, IFN B il NEDA 5 RRMS BE % 2 A ORMIM AR L . 70— 1 b A —
5 =% HWTNCM #54% L7z. 5% L7z NCM 122w, nCounter ®% H\>T#J 600 1 0 5652 B (5T D 3
W& L7z,

[fER]
1) KM Y ¥ 2 SBRIENT
FAYIM B A, T A, NK Mo i3 m oI, NEDA # & EDA B0 THEEZ RO L1 o720 Kl
1l 1 @ non-classical monocyte (NCM) OHERERIZBIT 2 HHE X EDA B, % A& ik L NEDA #CFH
FAZHIN L Tz, EDA B L AREIZI3EZ RO o720 NEDA BEIZBW TSR T L 12 5 &,
NCM 1 PSL., GA, NTZ & IbES L, IFN BEEIZBWTAEIZHN L TWw/z, KA NCM 4 13 activated
Treg #0F (foxp3hsh/ CD4* T MifE) & IEOMBIZ D7z, BRI & OBE L LT, NEDA#IZBWT, K
F5 I NCM #HEE1E NEDA #ERI & IEOAHB % R 7225, MREIIME & 3B 2 R b o 72,
2) JER:3E% 72 monocyte il O HlEYE T ML (Treg) #A3EGE D Sl
A1l NCM #HFE & activated Treg #H1%  (foxp3tie/ CD4* T M) \CIEOMB A Bo722 &h 6, IR
% Fv>C monocyte T4 O FIEEIVE T ML O FEFEDOFHM 2 17 - 720 % A, DMD £EH MS HHZ 2BV T,
CD4* THIKLOADE;E, CM & DIt & il LT NCM & o338 T ¢ CD4+ T MiBg s o FIE M T M (foxp3*
CD4* Tcell) DHHEIIIGNINT A @ % FRD 720
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3) nCounter ®% Jil\» 72 & 1= T- R BT
nCounter ®12 & 2 BIm T HBBITAERIZOVWT I RS ) VTN %{T-722 25, NCM & CM O &EfET-%
H Sy — 3> Twize CM EHE L, NCM Tld C1QA. ADA, CD79B OZEIAE <. THIZDOWTIdfiE
FAIBT BRSO LB 257 [2]. o, SRIOMHT Tld, NCM I28vC MSR1. B2M. CD45RA @
BHDPENZ EDRTD o7,

[(E%]

AWFFEClE, L Tw5 DMD 12 & &3 NEDA #HERRICBIS- L T 2 B0 2 Mead 374 B9 T, NEDA
Hrafhk & EDA BEERCRIFIMY » /XERHEATBEE 2 Hik L. B ZE % 780 72 monocyte BT IZA5 H L7z Kl
LY > 7SERFENTIC BT, NCM #HEE 13 EDA # & bz L NEDA #ICB W TEREISHEIML TH Y . NEDA MR
L IEDOMB & FRD . KIEIML NCM 5 NEDA MFFICEE L ZE L O 2 L 2 RIBT AR o7z, 2 OMBMIE IFN
B HifH NEDA B CH#HiZETH ). NCM 25 IFN B OFEHETICH G L TV B IREMATE 2 b7z, & 512, Kigi
NCM #HJE (L KM activated Treg #HFEE & IEOMBIRIRA S H . LEFEEERIC BT, NCM OFFAE T T Treg A54
I MM H B 2 & h 5, NCM 28 Treg % FHE 4 5 2 L HHER S N7z,

Lol OFAEFIEHBENT TIZ, NCM & CM THBISY — V3R 7% B BEF O THEEE Treg D L B4 5 &
ZZ ONLBInTE R o7 MR PRV o0, fEE A, MSBEED &L 5128\ TH EHY I NCM
13 CM EERENRE CR AL LEZ BN,

REIEGIC & %R E LT, LERNEO—#% Virtual joint ECTRIMS-ACTRIMS Meeting (2020 49 A 11 H~
13 H). %5 32 [l H A pfE s i a4 (20204E 10 A 1 H~2 H) 12 THREL.

[(RELSEBRORE]

non-classical monocyte (. patrolling monocyte & b Wb L, [HEMEOHEFFICELG L CWA0mE EhTwb
[3]c NCM ORI~ AL &L NR4AL / v 7 77 b <7 AZBWT, ZRUMLEDEETTIVTH S EAE
DFIFENRL, POBEALTHZ NS, YT AETIVZBWTIL, NCM 12 EAE (2B W CTHREIZE < L Hishd
LHH [4]. MS BB ORI Z FV 72172 Tld, NCM OBENIEHMEIC ST, o 13RI > SBREf 55
EREAT, LEEREBROM RS MS BEHICBIT 2 WELEICNCM AEELEZEHEZ L > TBY) ., ZORFED 1oL
LT NCM #* Treg % #3855 ARHL & 7. CT720 S RIOEIETFIEBUFNT TILEE Treg OFEICHASGT AL EZ N
HEIETIZOWTNCM & CM ICBI 2B OEE M TE L h - 7255 PURFRMIIC S L, foxp3 % #FE Y
551 LTPD-L1IZEHL [6]. KMEIMHF o NCM & CM BT 5 PD-L1 OFEHOEIIOWT7H—H 1 k
A=F =AWl Z T2 2 L 2T LT\ 5, F72. KAHIM NCM HEAS RRMS B#E OIREREDIRIE L 22 )
]85 EEZz N, F—BHIIB W CHERE TORRETR 22 KRS M NCM B 2% L. {GFEFA & NCM SHE R
HORHT b T LT b,

[#E:R]

FRAYIM NCM #HE A NEDA-3 FH# M RRMS & 2B W TN L TH 1Y) . NEDA #EFHHME & EOMBE 2720 5
Z &5, non-classical monocyte (NCM) (& MS B 2B\, NEDA OMEFRIZ EE 2 %&E % 5272 LT\ A1l fE
PRI S 720 F 72, KR NCM B EOHINIE, MS BEOIRELEDTFIED 1 D& LTI 5,

[HEIMZFEE]
WAy B (EISZASf - AR TE L > & —  HERESERT SERTEE R R)
TR R (BN R - AR ZE L & —  MRITZERT  SUERZEs =R)
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