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Virus infection induces neuroinflammation by autoimmune T cells in the multiple
sclerosis model
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Multiple sclerosis (MS) is an inflammatory disease in_the nervous system.

Although the precise cause of MS is unknown, virus infections have been associated with the
incidence of MS. Since we do not know how virus infections induce inflammation in the nervous
system, we aimed to determine virus-induced pathogenic factors by which the immune cells could be
overactivated, leading to immune cell infiltration in the nervous system and damaging the nerve
fibers. We found that viral RNA genomes themselves can activate autoimmune responses, causing
inflammation in the nervous system. We also found that viral infections altered the gut microbiota
(flora), activating/changing several subsets of antibody responses. To determine the roles of these
multiple immune factors, we applied several bioinformatics methods to big data. We found that
exploratory factor analysis is the most useful method to determine not only the pathogenic factors
but also protective factors.
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1. WFEBRAE Y H DTS =

LM ALIE (multiple sclerosis, MS) (X HAX###%% (central nervous system, CNS) DFF#&HRAE
RO B HEAT OHEETH Y . ZONBERAE DR « 22PN 25 L, EBHE - ek
FEE 7 O A RIE IR 2 B9 5 (Sato 2018), JHERFAVICIE T Mfaz .l & 3 5 %oz
25860 B AL, PR RA T MiflZ L2 A CmEREEEZ BN TWS (Lassmann 2017), Z D
IR F EME S PR 2 B AR ORE R OZ8 (BaFr7e B CmEFRK) & MS
MBS 5 Z LD b 3FFSD (Etesam 2018),

— . MS OFFEME T ER S H 2 LD, TORIEIITH CRERR ORI ST, B
BRA, FRC A NVAERDBED S Z & RIS LTS (DiSano 2019), MS BEMNHIX VA
IV ARL A DUMIHL T A NV AGIE IS TR LR S3u, W< 220 DNA 7 A /LA L RNA
T AL AZONWTIE MS & BIERHT 51TV D (Geginat 2017), £72 7 A LA EKGER 2 E D
CNS #AD T A NVAEGIEIZ LY MS ZHEST 28 bH 5D, ZhHDHEELD, MS IE, B
ERNOH D ENDERER T FFCTA NV R) ICREINTRFICRIEICED EHERIND,
MS LIS D A OB E S IEYYEIC K-> TELT 5 2 E BB AVTND D3, 7 A L A JERGLDS D
({2 CNS RIED 5| & @172 2 0D S, FEREVIC MS FIE T OBRISH . FIZIEA
R B O PEHER IOV BN D Z L i SN D,

2. WHED B

MS OB/ E TV Th DHIRMHE 5% MME R X (experimental autoimmune
encephalomyelitis, EAE) %, ##iHUR CEMZEAET 5 2 & C BEMIRFAR T MiaZs5E L., W
FAFAYIC MS L ONS RIEMMBEHR AN HFE SN, BN EEHREL 272560 THD
(Burrrows 2019), X =V >4 U 35> Ka¥ 4 FEEH (myelin oligodendrocyte glycoprotein, MOG)
ZHCOHURE LT C57BL/6 (B6) ~ U A& EMET 2203/ S5, EAE OFFEICIIHUFERIE
FRlZ5ER2 7 aA 2 b7 Y23 kb (complete Freund’s adjuvant, CFA) OfF ARSI CTH 5 )3, CFA
R LIZBAEIIABINTH D720 b MS OFEREEZ N LARNE W HLHIRH D (¢t
Hart2019), © 2T 2D2 ¥ 7 A% CFA Zfifl 325 Z &< BOMERRNEZ AT 2 L O IChFES
NIZHDT, B6 ¥V AFRD MOG FriH) T Ml AREZBRER ST N T AP ==y 7
~ U A Tod 7% (Bjelobaba2018), A 60 T MAEE (EICH VIEM(L L T2 CNS %
JiE & IEB R G L O AL\, 2D2 v U A X, B HE3E# (pertussis toxin, PT)7¢ & D&M
Hafh, H250I3E% 3 AU EORIBEREOLEG, —H0 MOG R0 T #MildiZiE ML
b 72 b I ARBHEE Tl d 2 2SR OEB) R 2 FIE T 5 (HIRFIE EAE) . & Z TAMFFE TIL,
L OBEFF R T Mtz AT 5 THCRERROH LA 2B LIZET VI AT N E
LT2D2 w7 A&, ZOHCRERERKEZAT HEEIZIHNT, A LZEGL) CNS RIED
SlE& LT ERALNNCTHZEEHNET S,
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TANADEFEIZ LD AT LITIF, BROEREN LSO EEGREREZIT LD
OBV, WFEHHOREMEOIEMEALEEEZ L 9 5, Al TIE Y A /LA ORERRAS 3 5 JFUR
BHMLSy /3% — 2 (PAMPs) & L C/NZ — Vil K (PRR) I X0 gmEih, Znazn+5
T FIREIC L ARGIE R OIEMALE Z 0 RIEMEY A S I A DEAICED, PRR DL
FM72 b0 L LT Toll fiL&7%— (TLR) BH D5 M (Dias2018), 7 A /L ARL 1 DFERAL ST D
F1C PAMPs & L THIKEI DI, VA NVARERE TIERL, VA NVRT 7 LAHSROEEE
(— A8 - “AK$ DNA 7> RNA) THDHZ L LI T 7,
PLU A NV AEGRIEIRE D B OB OIS LICBE D AT & LTk 31 X% 7 —I5ME
{b) DMEAB STV D (Gerhauser 2019), §77200H 7 A /L AREGLIT LD 7 A )V ZKERA) T M
BEEND ERIEMEY A P IA RSN, ZHIC XY 2E OGRERNBERIERICHEE, v A
IV APURR & I ERR (FELE. A AX U E—) O T filaBsERIEEsnd LW IGRTH
Do ZOMRPLTREFRFRA T MRS AERNITHET IUX, 2D OMIBICTEM (L2335 Z 0 . CNS
RIE L MBENFFE I D D, 2T, Fald, BEMFFRN T MilzF352D2 vURE, UA
IWAZEDED(DNA VA NVAL LTV AYA A BT A )L A murine cytomegalovirus, MCMV,
RNA 7 A )L A L LTHA T —ERIZ D A /LA Theiler’s murine encephalomyelitis virus, TMEV)
KO ANV ARFKK - CTHERETHZET MOG FrEM T MIROIEME(L2AB Z D, CNS RIE
MHEEEINDD (BRIIE EAE) ZRGE LT,
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2D2 ~ U AJERENIC RO T A LA MCMV
& TMEV Z#5- Lt L | A VAL OAEY H
e D RSy TR A I AL ER 2SN s ST D
PT. U ARZ¥E (lipopolysaccharide, LPS=N73), 7 —

RSy (BZAT L, ML B OB S) % s o
P U722 22 A OB ClI EB)FEIL TMEV
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JEHLEAIC I BER YL 2T CNS (2B E DR & IE
AIREA A DT, — 5, MCMV BHREE B — R
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ol Tbh 2D2 = U7 A~DOREME RNA 7
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H I, DNA 7 A /L AS0HHE H R O S EIRTE S Tl MS B O & E DA % 2D2 < 7 A
WITFET 2N TE o7, —FH, MSOEWET L E LTHHASND S 9 —DD~v T AD%K
MTHDSILT~oRAIZ, BEMEAD > THLH 774 ¥y KEH (PLP) TEIEL MS H
CSEE T VO ERIH CREMENMER%R (EAE) 28T 2532 TlE. V—FI7008bot b
EAE Z ¥ ¥ ~ U X(TI% Hyperacute EAE & FEIZ 2 RMEBSEMEIRE S FE I ic, —F
FATT 7T LICHEE L. BROEEZNHL I T2 2 ENMLNTWAED T, MS ET /UL
S TlX, B2 DMAEMHE RO N2 =— 7 7o FF TR RIE 2 &35 Z L /R &7 (Sato
etal., 2022),

UANVAE, SERREFIC LD MRRIEAEN - FEL O D2 ENHMLNA TS (Bodily,
Tsunoda et al., 2000, Matsumura and Tsunoda, 2022, Matsumura, Tsunoda et al, 2023), %+ Z C. TMEV
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