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Abstract 
 

TheUaSeXWic RSWiRQV agaiQVW PXOWiSOe VcOeURViV (MS) SUeYeQWiQg T ceOO PigUaWiRQ WR Whe ceQWUaO 

QeUYRXV V\VWeP (CNS) haYe UePaUNabOe cOiQicaO effecWV agaiQVW Whe UeOaSViQg-UePiWWiQg 

(RRMS) fRUP Rf Whe diVeaVe, ZhiOe Whe\ aUe SRRUO\ effecWiYe agaiQVW iWV SURgUeVViYe fRUP 

(PMS). DiVabiOiW\ SURgUeVViRQ iQ PMS iV WhRXghW WR UeVXOW fURP aQ iQWeUSOa\ beWZeeQ 

VPROdeUiQg ORcaO iQfOaPPaWiRQ aQd QeXURdegeQeUaWiRQ. We SRVWXOaWed WhaW aQ RQgRiQg 

iQfOaPPaWRU\ SURceVV PediaWed b\ CNS-UeVideQW PePRU\ CD4+ T ceOOV (CD4+ TUP) cRXOd 

cRQWUibXWe WR SURPRWe diVeaVe chURQiciW\ iQdeSeQdeQWO\ Rf GH QRYR UecUXiWPeQW Rf SeUiSheUaO 

aXWRUeacWiYe T ceOOV. IQdeed, RXU UeVXOWV UeYeaOed Whe SUeVeQce Rf ERQD ILGH CD4+ TUP 

e[SUeVViQg CD69, CXCR6, P2RX7, CD49a aQd Whe WUaQVcUiSWiRQ facWRU HRbiW iQ Whe CNS Rf 

Pice ZiWh chURQic e[SeUiPeQWaO aXWRiPPXQe eQceShaORP\eOiWiV (EAE) aQd iQ Whe bUaiQ Rf 

SeUVRQV ZiWh PMS. SiQgOe-ceOO WUaQVcUiSWiRQaO aQaO\ViV XQcRYeUed WheiU WUaQVcUiSWiRQaO 

heWeURgeQeiW\ aQd iQfOaPPaWRU\ SRWeQWiaO aQd, accRUdiQgO\, CD4+ TUP SUefeUeQWiaOO\ ORcaOi]ed 

ZiWhiQ iQfOaPPaWRU\ OeViRQV. FiQaOO\, deSOeWiRQ Rf bRWh Whe UeciUcXOaWiQg aQd Whe CNS-UeVideQW 

CD4+ T ceOO cRPSaUWPeQWV ZaV UeTXiUed WR aOOeYiaWe QeXURORgicaO VigQV dXUiQg Whe chURQic 

ShaVe Rf EAE. OXU UeVXOWV, WheUefRUe, iQdicaWe WhaW CD4+ TUP acWiYeO\ cRQWUibXWe WR PaiQWaiQ a 

chURQic iQfOaPPaWRU\ VWaWe iQ Whe CNS, SURPRWiQg daPage aQd/RU SUeYeQWiQg UeSaiU, aQd 

VXggeVW WhaW QeZ WheUaSeXWic VWUaWegieV fRU Whe WUeaWPeQW Rf PMS VhRXOd cRQVideU WaUgeWiQg Whe 

CNS-UeVideQW T ceOO cRPSaUWPeQW. 
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Introduction 

MXOWiSOe VcOeURViV (MS) iV a chURQic QeXURiQfOaPPaWRU\ diVeaVe Rf Whe ceQWUaO QeUYRXV V\VWeP 

(CNS) chaUacWeUi]ed b\ deP\eOiQaWiRQ, QeXUR-a[RQaO daPage aQd iQfOaPPaWRU\ iQfiOWUaWeV. 

TheVe OeViRQV Oead WR PRWRU, VeQVRU\, YiVXaO aQd cRgQiWiYe iPSaiUPeQWV. The SUiPaU\ dUiYeUV Rf 

Whe diVeaVe aUe cRQVideUed WR be aXWRUeacWiYe CD4+ aQd CD8+ T ceOOV (1). The diVeaVe W\SicaOO\ 

begiQV ZiWh a ³UeOaSViQg-UePiWWiQg´ (RRMS) VWage ZheUe SaWieQWV aOWeUQaWe ShaVeV Rf UeOaSVeV 

chaUacWeUi]ed b\ QeZ CNS iQfOaPPaWRU\ OeViRQV ZiWh ShaVeV Rf UePiVViRQ, chaUacWeUi]ed b\ aQ 

iPSURYePeQW Rf cOiQicaO PaQifeVWaWiRQV (1). The RRMS ShaVe iV geQeUaOO\ fROORZed b\ a VR-

caOOed ³SURgUeVViYe´ (PMS) VWage, Zhich caQ be Whe diVeaVe eQWU\ SRiQW iQ a PiQRUiW\ Rf SeUVRQV 

ZiWh MS (SZMS), chaUacWeUi]ed b\ a SURgUeVViYe ZRUVeQiQg Rf V\PSWRPV ZiWh RU ZiWhRXW 

UeOaSVeV (2).  

NRWabO\, aOWhRXgh bORRd-bUaiQ baUUieU (BBB) daPageV aUe UedXced iQ PMS cRPSaUed WR RRMS, 

VORZO\ e[WeQdiQg OeViRQV aQd a diffXVe iQfOaPPaWiRQ aUe geQeUaOO\ RbVeUYed dXUiQg PMS, 

VXggeVWiQg WhaW aQ acWiYe aQd cRPSaUWPeQWaOi]ed iQfOaPPaWRU\ SURceVV WaNeV SOace behiQd Whe 

BBB (2). FXUWheUPRUe, ZhiOe diVeaVe-PRdif\iQg WheUaSieV WaUgeWiQg Whe SeUiSheUaO T ceOO 

cRPSaUWPeQW, OiNe Whe S1PR aQWagRQiVW FiQgROiPRd RU Whe aQWi-Į4 bORcNiQg aQWibRd\ 

NaWaOi]XPab, haYe VhRZQ UePaUNabOe efficac\ iQ WUeaWiQg RRMS, WheVe WheUaSieV haYe PRdeVW, 

if aQ\, effecWV RQ PMS (3). TheUefRUe, GH QRYR UecUXiWPeQW Rf T ceOOV fURP Whe SeUiSheU\ WR Whe 

CNS aSSeaUV diVSeQVabOe fRU PMS. TheVe RbVeUYaWiRQV XQdeUVcRUe Whe Qeed fRU aQ iQ-deSWh 

e[SORUaWiRQ Rf Whe UROe aQd fXQcWiRQ Rf CNS-UeVideQW iPPXQe ceOOV aQd WheiU iQWeUacWiRQV ZiWhiQ 

Whe CNS PicUReQYiURQPeQW. IQWeUeVWiQgO\, WiVVXe-UeVideQW PePRU\ (TUP) CD8+ T ceOOV haYe 

beeQ UeSRUWed iQ bUaiQ OeViRQV Rf SZMS aQd a SRSXOaWiRQ Rf cORQaOO\ e[SaQded CD8+ T ceOOV 

e[hibiWiQg a TUP WUaQVcUiSWiRQaO VigQaWXUe haV aOVR beeQ deVcUibed iQ Whe ceUebURVSiQaO fOXid 

(CSF) Rf SZMS (4-9). TUP aUe a SRSXOaWiRQ Rf PePRU\ T ceOOV WhaW caQ VWabO\ UeVide fRU 

e[WeQded SeUiRdV iQ QRQ-O\PShRid WiVVXeV aQd Zhich dR QRW UeciUcXOaWe (10, 11). TUP 
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deYeORSPeQW aQd PaiQWeQaQce ZiWhiQ WiVVXeV UeO\ RQ VSecific c\WRNiQe cXeV (IL-7, IL-15, IL-

33, IL-21, TGF-E) and expression of transcription factors such as Blimp1, Hobit, Runx3 aQd 

BhOhe40, Zhich eQabOe Whe eVWabOiVhPeQW Rf a WiVVXe UeVideQc\ WUaQVcUiSWiRQaO SURgUaP (12). 

TUP aUe chaUacWeUi]ed b\ Whe e[SUeVViRQ Rf Whe WiVVXe UeWeQWiRQ PROecXOeV CD69, CD103, 

CD49a, CXCR6 aQd dRZQ UegXOaWiRQ Rf WiVVXe e[iW VigQaOV S1PR1 aQd KLF2 aQd O\PShRid 

WiVVXe hRPiQg PaUNeUV (CCR7, CD62L), aQd b\ high OeYeO Rf iQfOaPPaWRU\ c\WRNiQeV (IFN-J, 

TNF, IL-17) aQd c\WRWR[iciW\ (10, 11, 13).   

TUP cRQfeU SURWecWiRQ agaiQVW UeiQfecWiRQ aQd cRUUeOaWe ZiWh a gRRd SURgQRViV iQ caQceU SaWieQWV 

(10, 11, 14, 15). HRZeYeU, CD8+ TUP caQ dUiYe Whe chURQiciW\ Rf aXWRiPPXQe diVeaVeV VXch aV 

iQ SVRUiaViV, YiWiOigR, W\Se 1 diabeWeV aQd eQceShaOiWiV (5, 16-19), ZhiOe CD4+ TUP haYe a 

VigQificaQW aQd haUPfXO iPSacW iQ iQfOaPPaWRU\ bRZeO diVeaVe aQd aXWRiPPXQe 

gORPeUXORQeShUiWiV (20-22), highOighWiQg Whe SiYRWaO UROe WhaW WhiV T ceOO SRSXOaWiRQ SOa\V iQ 

chURQic iQfOaPPaWRU\ SURceVVeV. GiYeQ Whe VWURQg aVVRciaWiRQ beWZeeQ MHC cOaVV II aOOeOeV 

aQd MS UiVN (1, 23), CD4+ T ceOOV aUe cRQVideUed aV PaiQ SOa\eUV iQ MS. OQe RXWVWaQdiQg 

TXeVWiRQ iV, WheUefRUe, ZheWheU CD4+ TUP aUe UecUXiWed aQd UeWaiQed dXUiQg Whe chURQic VWage Rf 

Whe diVeaVe aQd ZheWheU Whe\ e[eUW a SaWhRgeQic cRQWUibXWiRQ.  

TR iQYeVWigaWe Whe UROe Rf CD4+ TUP iQ VXVWaiQiQg chURQic QeXURiQfOaPPaWiRQ, Ze VWXdied bUaiQ 

VaPSOeV fURP SZMS, aQd Whe MOG35-55-iQdXced e[SeUiPeQWaO aXWRiPPXQe eQceShaORP\eOiWiV 

(EAE) PRXVe PRdeO. HeUe, Ze ideQWified CD4+ TUP iQ Whe CNS aW Whe chURQic ShaVe Rf EAE 

aQd iQ Whe bUaiQ Rf dRQRUV ZiWh PMS, deWeUPiQed WheiU WUaQVcUiSWiRQaO SURfiOe aQd, iQ Whe 

e[SeUiPeQWaO PRdeO, deOiQeaWed WheiU cRQWUibXWiRQ WR Whe chURQic SaWhRORg\ UeOaWiYe WR Whe 

SeUiSheUaO UeciUcXOaWiQg T ceOO cRPSaUWPeQW. OXU UeVXOWV iQdicaWe WhaW CD4+ TUP iQfiOWUaWe Whe 

CNS Rf SZMS aQd EAE Pice aQd cRQWUibXWe WR PaiQWaiQ a ORcaO chURQic iQfOaPPaWiRQ 

SURPRWiQg daPage aQd/RU iPSaiUiQg UecRYeU\.   
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Results 
CD4+ Trm cells infiltrate the CNS during the chronic phase of EAE. 

TR addUeVV Whe SRWeQWiaO UROe Rf CD4+ TUP ceOOV iQ VXVWaiQiQg Whe chURQiciW\ Rf CNS 

aXWRiPPXQiW\, Ze XVed Whe cOaVVicaO PRdeO Rf acWiYe EAE iQdXced b\ MOG35-55/CFA 

iPPXQi]aWiRQ iQ C57BL/6J Pice. We fiUVW chaUacWeUi]ed Whe CD4+ T ceOO iQfiOWUaWiRQ iQ Whe CNS 

(bUaiQ aQd VSiQaO cRUd) aW Whe SeaN Rf EAE (da\ 12-14) aQd dXUiQg iWV chURQic ShaVe (da\ 50), 

Zhich iV chaUacWeUi]ed b\ a VWead\ cOiQicaO VcRUe aQd b\ Whe abVeQce Rf UePiVViRQ fURP abRXW 

da\ 25 SRVW-iPPXQi]aWiRQ RQZaUd (Fig. 1A). AV e[SecWed, CD4+ T ceOO QXPbeUV iQ Whe CNS, 

iQcOXdiQg bRWh cRQYeQWiRQaO FR[S3-CD4+ (TcRQY) aQd FR[S3+CD4+ (TUegV) T ceOOV, SeaNed 

dXUiQg Whe acXWe ShaVe (da\ 12) aQd WheQ decUeaVed 50 da\V SRVW-iPPXQi]aWiRQ. HRZeYeU, Whe 

WRWaO CD4+ T ceOO QXPbeUV ZeUe VigQificaQWO\ iQcUeaVed iQ Whe CNS Rf Pice ZiWh chURQic EAE 

cRPSaUed WR QRQ-iPPXQi]ed age-PaWched cRQWUROV (Fig. 1B, Suppl. Fig. 1A-B). TaNeQ 

WRgeWheU, WheVe UeVXOWV iQdicaWe WhaW CD4+ T ceOOV, iQcOXdiQg TcRQY, SeUViVW ZiWhiQ Whe CNS 

dXUiQg Whe chURQic ShaVe Rf EAE.  

TR aVVeVV ZheWheU Whe CD4+ T ceOOV SeUViVWeQWO\ iQfiOWUaWiQg Whe CNS ZeUe ERQD ILGH TUP, Ze 

aQaO\]ed b\ fORZ c\WRPeWU\ Whe e[SUeVViRQ Rf a cRPbiQaWiRQ Rf VXUface PaUNeUV (CD69, 

CXCR6, P2RX7) UeSRUWed WR SURSeUO\ ideQWif\ CD4+ TUP (Fig. 1C) (20, 24). OXU aQaO\ViV 

UeYeaOed WhaW cRQYeQWiRQaO CD4+ T ceOOV cR-e[SUeVViQg CD69, CXCR6 aQd P2RX7 ZeUe 

aOUead\ SUeVeQW aW Whe SeaN Rf EAE VXggeVWiQg WhaW WhiV T ceOO SRSXOaWiRQ VeedV Whe CNS dXUiQg 

Whe acXWe VWage, bXW WheiU fUeTXeQc\ VigQificaQWO\ iQcUeaVed iQ bRWh bUaiQ aQd VSiQaO cRUd dXUiQg 

Whe chURQic ShaVe iQ OiQe ZiWh a WiVVXe-UeVideQc\ SheQRW\Se (Fig. 1D). AV a UeVXOW, Whe abVROXWe 

QXPbeUV Rf CD4+ TUP ceOOV iQ Whe CNS RQO\ PRdeVWO\ decUeaVed beWZeeQ Whe SeaN Rf Whe 

diVeaVe aQd Whe chURQic ShaVe iQ Whe VSiQaO cRUd (Fig. 1E).  

TR fXUWheU aVceUWaiQ Whe WiVVXe-UeVideQc\ VWaWXV Rf Whe CD4+ T ceOOV OiQgeUiQg iQ Whe CNS dXUiQg 

chURQic EAE, Ze XVed Whe HRbiW-WdTRPaWR-CUe UeSRUWeU PRXVe WhaW beeQ VhRZQ WR faiWhfXOO\ 

ideQWif\ TUP (25). CRQViVWeQW ZiWh Whe ideQWificaWiRQ Rf TUP baVed RQ VXUface PaUNeUV, 
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cRQYeQWiRQaO CD4+ T ceOOV (GITR-; GITR e[SUeVViRQ OaUgeO\ PiUURUiQg FR[S3 e[SUeVViRQ 

Suppl. Fig. 1C) e[SUeVViQg WdTRPaWR ZeUe deWecWed aW Whe SeaN Rf EAE aQd WheiU SURSRUWiRQ 

VigQificaQWO\ iQcUeaVed iQ Whe CNS dXUiQg Whe chURQic ShaVe (Fig. 1F-H), ZhiOe WheiU WRWaO 

QXPbeUV decUeaVed PRdeVWO\ beWZeeQ Whe diVeaVe SeaN aQd Whe chURQic VWage (Fig. 1I). B\ 

cRQWUaVW, TUeg UePaiQed PRVWO\ QegaWiYe fRU WdTRPaWR e[SUeVViRQ (Suppl. Fig. 1D). 

IPSRUWaQWO\, Ze cRQfiUPed WhaW WdTRPaWR-e[SUeVViQg CD4+ T ceOOV ZeUe eQUiched aPRQg ceOOV 

e[SUeVViQg Whe cRPbiQaWiRQ Rf TUP VXUface PaUNeUV (CD69, CXCR6 aQd P2RX7) cRPSaUed 

ZiWh WUiSOe QegaWiYe CD69-CXCR6-P2RX7- ceOOV, Whe OaWWeU OiNeO\ UefOecWiQg UeciUcXOaWiQg ceOOV 

(Fig. 1J-K). FiQaOO\, WR deWeUPiQe ZheWheU aXWRUeacWiYe SaWhRgeQic CD4+ T ceOOV caQ acTXiUe a 

TUP SheQRW\Se, Ze geQeUaWed Pi[ed bRQe PaUURZ (BM) chiPeUaV b\ UecRQVWiWXWiQg iUUadiaWed 

hRVW ZiWh a Pi[ Rf BM fURP MOG-VSecific 2D2 TCR WUaQVgeQic Pice (26) (CD45.1+) aQd WT 

BM (CD45.1+ [ CD45.2+) aW a 1 WR 9 UaWiR (Suppl. Fig. 1E). IQ WheVe chiPeUic Pice Whe CD4+ 

T ceOO cRPSaUWPeQW iV cRPSRVed Rf MOG35-55-VSecific TCR WUaQVgeQic CD4+ T ceOOV (CD45.1+) 

aQd SRO\cORQaO CD4+ T ceOOV (CD45.1+ [ CD45.2+) WhaW caQ be diVWiQgXiVhed b\ Whe VXUface 

e[SUeVViRQ Rf WheiU cRQgeQic PaUNeUV (Suppl. Fig. 1F-G). OXU daWa VhRZ WhaW XSRQ 

iPPXQi]aWiRQ 2D2 CD4+ T ceOOV (CD45.1+ CD45.2-) VWURQgO\ e[SaQded iQ Whe CNS Rf chiPeUic 

Pice (Suppl Fig. 1G-H) aQd, PRVW iPSRUWaQWO\, Whe fUeTXeQc\ Rf 2D2 CD4+ T ceOOV cR-

e[SUeVViQg Whe caQRQicaO TUP PaUNeUV (CD69+, CXCR6+, P2RX7+) iQcUeaVed fURP Whe SeaN Rf 

Whe diVeaVe ShaVe WR Whe chURQic VWage Rf EAE, WR Ueach RQ 49 � 3% iQ Whe VSiQaO cRUd b\ da\ 

50 (Suppl. Fig. 1I).  

 OYeUaOO, RXU daWa dePRQVWUaWe WhaW CD4+ TUP ceOOV, Zhich iQcOXde ceOOV ZiWh aXWRUeacWiYe 

VSecificiW\, UeSUeVeQW a PajRU cRQYeQWiRQaO CD4+ T ceOO VXbVeW ZiWhiQ Whe CNS dXUiQg Whe 

chURQic ShaVe Rf EAE.  
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Hobit-expressing CD4+ Trm cells are preferentially localized in demyelinated 

inflammatory lesions during the chronic phase of EAE. 

We WheQ deWeUPiQed Whe ORcaOi]aWiRQ Rf CD4+ TUP ceOOV ZiWhiQ Whe CNS aQd WheiU SRViWiRQiQg 

UeOaWiYe WR iQfOaPPaWRU\ OeViRQV aW Whe SeaN aQd chURQic ShaVe Rf EAE. IQWeUeVWiQgO\, WdTRPaWR-

e[SUeVViQg CD4+ T ceOOV ZeUe ZideO\ diVWUibXWed ZiWhiQ Whe CNS (Fig. 2A, D). AQaO\ViV Rf 

diVWaQceV beWZeeQ WdTRPaWR+ CD4+ T ceOOV UeYeaOed WhaW WheVe ceOOV ZeUe VSaUVeO\ diVWUibXWed 

dXUiQg Whe SeaN Rf EAE aQd WheQ UegURXSed WR fRUP VigQificaQWO\ OaUgeU cOXVWeUV dXUiQg Whe 

chURQic ShaVe iQ bRWh bUaiQ (Fig. 2A-C) aQd VSiQaO cRUd (Fig. 2D-F). We Qe[W aVNed ZheWheU 

WheiU SUeVeQce cRUUeOaWed ZiWh iQfOaPPaWRU\ OeViRQV aQd deP\eOiQaWiRQ. We fiUVW defiQed 

iQfOaPPaWRU\ CNS OeViRQV aV UegiRQV ZiWh high OeYeO Rf IBA-1 VWaiQiQg (IBA-1high), UefOecWiQg 

iQcUeaVed PicURgOia/PacURShage acWiYaWiRQ (Fig. 2G, J). We WheQ cRPSaUed Whe deQViW\ aQd 

fUeTXeQc\ Rf WdTRPaWR+ CD4+ T ceOOV iQ IBA-1high UegiRQV cRPSaUed ZiWh Whe VXUURXQdiQg IBA-

1ORZ UegiRQV. SWUiNiQgO\, Whe deQViW\ Rf HRbiW-e[SUeVViQg CD4+ TUP aQd SeUceQWage Rf HRbiW-

e[SUeVViQg ceOOV aPRQg WRWaO CD4+ T ceOOV ZeUe bRWh VigQificaQWO\ iQcUeaVed iQ IBA-1high 

UegiRQV cRPSaUed ZiWh IBA-1ORZ UegiRQV iQ bRWh bUaiQ (Fig. 2G-I) aQd VSiQaO cRUd (Fig. 2J-L).  

LiNeZiVe, Whe deQViW\ Rf HRbiW-e[SUeVViQg CD4+ TUP ceOOV iQ Whe VSiQaO cRUd ZaV VigQificaQWO\ 

iQcUeaVed iQ deP\eOiQaWed UegiRQV, ideQWified b\ a ORZ OeYeO Rf fOXRURP\eOiQ VWaiQiQg (FOXRORZ) 

cRPSaUed ZiWh QRUPaO aSSeaUiQg ZhiWe PaWWeU (NAWM) (FOXRhigh) (Fig. 2M-O). TaNeQ 

WRgeWheU WheVe UeVXOWV VhRZ WhaW CD4+ TUP aUe SUefeUeQWiaOO\ ORcaOi]ed iQ iQfOaPPaWRU\ aQd 

deP\eOiQaWed UegiRQV, Zhich cRXOd VXggeVW aQ acWiYe UROe Rf TUP iQ VXVWaiQiQg chURQic 

iQfOaPPaWiRQ.  

 

Transcriptomic analysis reveals the heterogeneity and the inflammatory potential of 

CD4+ Trm during chronic EAE. 



 ϴ 

TR gaiQ iQVighWV iQWR Whe deYeORSPeQW, heWeURgeQeiW\ aQd fXQcWiRQV Rf CD4+ TUP dXUiQg chURQic 

EAE, Ze SeUfRUPed ceOOXOaU iQde[iQg Rf WUaQVcUiSWRPeV aQd eSiWRSeV (CITE-VeT) aQaO\ViV 

cRPbiQiQg VcRNAVeT aQaO\ViV aQd aQaO\ViV Rf SURWeiQ e[SUeVViRQ Rf Whe TUP PaUNeUV CD69, 

CXCR6 aQd P2RX7 RQ CD4+ CD44+ (FR[S3-) TcRQY ceOOV (Suppl Fig. 2A-B) iVROaWed fURP 

bRWh bUaiQ aQd VSiQaO cRUd Rf Pice 50 da\V SRVW-iPPXQi]aWiRQ. We XQcRYeUed 8 diffeUeQW 

cOXVWeUV Rf CD4+ T ceOOV iQ bRWh bUaiQ aQd VSiQaO cRUd (Fig. 3A, Suppl. Fig. 2C). AQaO\ViV Rf 

VXUface SURWeiQ e[SUeVViRQ Rf CD69, CXCR6 aQd P2RX7 VhRZed WhaW cOXVWeUV 0 aQd 1 ZeUe 

eQUiched iQ WUiSOe QegaWiYe ceOOV, ZhiOe cOXVWeUV 3 aQd 7 ZeUe cRQVWiWXWed Rf a Pi[ Rf bRWh WUiSOe 

SRViWiYe aQd WUiSOe QegaWiYe ceOOV (Fig. 3B). IQ cRQWUaVW, cOXVWeUV 2, 4, 5 aQd 6 ZeUe cOeaUO\ 

eQUiched iQ WUiSOe SRViWiYe ceOOV UePiQiVceQW Rf TUP (Fig. 3B). AccRUdiQgO\, GeQe SeW 

EQUichPeQW AQaO\ViV (GSEA) cRQfiUPed WhaW cOXVWeUV 2, 4, 5 aQd 6 ZeUe eQUiched iQ bRWh cRUe 

CD4+ aQd CD8+ TUP geQe VigQaWXUeV aQd bUaiQ TUP geQe VigQaWXUeV, ZheUeaV cOXVWeU 1 ZaV 

eQUiched iQ WUaQVcUiSWV aVVRciaWed ZiWh ciUcXOaWiQg T ceOOV (Fig. 3C). CRQViVWeQW ZiWh WheiU TUP 

VigQaWXUe eQUichPeQW, cOXVWeUV 2, 4, 5 aQd 6 had iQcUeaVed e[SUeVViRQ Rf Whe WUaQVcUiSWiRQaO 

UegXOaWRU BKOKH40 aQd Rf CG69, C[FU6, P2U[7, IWJD1 (eQcRdiQg CD49a), ZiWh IWJD1 cORVeO\ 

SaUaOOeOiQg P2U[7 e[SUeVViRQ, ZhiOe Whe\ VhRZed a decUeaVe e[SUeVViRQ iQ geQeV iQYROYed iQ 

WiVVXe e[iW (S1SU1 aQd KOI2) (Fig. 3D). FXUWheU aQaO\ViV VhRZed WhaW cOXVWeU 0 e[SUeVVed 

c\WRWR[ic PROecXOeV aQd ZaV chaUacWeUi]ed b\ high ERPHV e[SUeVViRQ ZhiOe cOXVWeU 7 ZaV 

chaUacWeUi]ed b\ high SWDW1 e[SUeVViRQ (Fig. 3E).  

We WheQ aVceUWaiQed Whe SUeVeQce Rf WheVe YaUiRXV cOXVWeUV Rf CNS-iQfiOWUaWiQg CD4+ T ceOOV b\ 

fORZ c\WRPeWU\ aQd cRQfiUPed WheiU ciUcXOaWiQg YV. UeVideQW SURSeUWieV. TR WhiV eQd, T ceOOV ZeUe 

aQaO\]ed fURP Whe bUaiQ aQd VSiQaO cRUd Rf chURQic EAE Pice deSOeWed RU QRW iQ ciUcXOaWiQg 

CD4+ T ceOOV XViQg iQjecWiRQV Rf aQWi-CD4 aQWibRd\ fRU WZR ZeeNV. ThiV aQaO\ViV OaUgeO\ 

UecaSiWXOaWed Whe T ceOO VXbVeWV ideQWified b\ Whe CITE-VeT aQaO\ViV. We RbVeUYed a PajRU 

SRSXOaWiRQ Rf T ceOOV e[SUeVViQg Whe TUP PaUNeUV CD49a, P2RX7, aQd CD69 ZhRVe SURSRUWiRQ 



 ϵ 

iQcUeaVed VigQificaQWO\ bRWh iQ bUaiQ aQd iQ Whe VSiQaO cRUd afWeU SeUiSheUaO CD4+ T ceOO 

deSOeWiRQ, iQ OiQe ZiWh a WiVVXe-UeVideQW SheQRW\Se.  OQ Whe RWheU haQd, Whe fUeTXeQc\ Rf Whe 

CD69- CD49a- SOaPf6+ PePRU\ OiNe cOXVWeU ZaV VigQificaQWO\ UedXced afWeU SeUiSheUaO CD4+ T 

ceOO deSOeWiRQ, cRQfiUPiQg iWV ciUcXOaWiQg SURSeUWieV (Suppl. Fig. 2D).  

We WheQ iQYeVWigaWed Whe fXQcWiRQV aQd Whe SROaUi]aWiRQ Rf Whe fRXU CD4+ TUP cOXVWeUV ideQWified 

b\ RXU WUaQVcUiSWiRQaO aQaO\ViV aW Whe chURQic VWage. CITE-VeT aQaO\ViV UeYeaOed WhaW TUP 

cOXVWeUV 2, 4 aQd 6 e[SUeVVed Th1 c\WRNiQeV (IIQJ, 7QI) aQd Whe Th1 PaVWeU UegXOaWRU 7E[21 

(eQcRdiQg T-beW), ZheUeaV TUP cOXVWeU 5 e[SUeVVed Th17 c\WRNiQeV (IO17D, IO17I, CVI2, IO22, 

7JIE1, IO21) aQd Whe WUaQVcUiSWiRQaO UegXOaWRUV RRUF (eQcRdiQg RRUJt) AKU aQd MDI (Fig. 3E-F). 

We cRQfiUPed TUP diffeUeQWiaO SROaUi]aWiRQ aW Whe SURWeiQ OeYeO VhRZiQg WhaW CD4+ T ceOOV 

e[SUeVViQg Whe TUP PaUNeUV (CXCR6+ P2RX7+) had iQcUeaVed iQfOaPPaWRU\ c\WRNiQeV 

e[SUeVViRQ fROORZiQg PMA/iRQRP\ciQ UeVWiPXOaWiRQ cRPSaUed ZiWh WheiU ciUcXOaWiQg (CXCR6- 

P2RX7-) cRXQWeUSaUWV, aQd had a PXWXaOO\ e[cOXViYe e[SUeVViRQ Rf IFN-J and IL-17, reflecting 

Whe SUeVeQce Rf Th1 aQd Th17 VXbVeWV Rf TUP (Fig. 3G-I). 

GiYeQ Whe SUR-iQfOaPPaWRU\ SheQRW\Se Rf Whe CNS CD4+ TUP, Ze deWeUPiQed ZheWheU Whe 

WUaQVcUiSWiRQaO RXWSXW Rf WheVe TUP VXbVeWV cRUUeOaWeV ZiWh SUeYiRXVO\ deVcUibed CD4+ T ceOO 

VigQaWXUeV aVVRciaWed ZiWh EAE RU hXPaQ MS. SWUiNiQgO\, CD4 TUP VXbVeWV (VSecificaOO\ 

cOXVWeUV 2 aQd 4) ZeUe eQUiched iQ SaWhRgeQic VigQaWXUeV Rf VSOeQic CXCR6+ CD4+ T ceOOV, 

Zhich dUiYe Whe acXWe ShaVe Rf EAE SaWhRgeQeViV, ZheUeaV Whe ³PePRU\-OiNe´ cOXVWeU 1 ZaV 

eQUiched fRU Whe VigQaWXUe Rf  SOaPf6+  SUecXUVRUV Rf Whe CXCR6+ SaWhRgeQic T ceOOV (27). 

MRUeRYeU, TUP cOXVWeUV 2, 4 aQd 5 ZeUe VigQificaQWO\ eQUiched fRU a VigQaWXUe Rf SRWeQWiaOO\ 

SaWhRgeQic CD4+ T ceOOV fURP Whe CSF Rf SZMS cRPSaUed WR heaOWh\ dRQRUV aQd aOVR iQ Whe 

VigQaWXUe Rf Whe UeVideQW CD4+ T ceOO VXbVeW eQUiched iQ Whe CSF Rf SZMS fROORZiQg 

QaWaOi]XPab WUeaWPeQW (Fig. 3J) (28, 29). 
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OXU iQiWiaO fORZ c\WRPeWU\ daWa VXggeVWed WhaW TUP Pa\ Veed Whe CNS fURP Whe SeaN Rf EAE 

(Fig. 1D, E, H, J). TR beWWeU XQdeUVWaQd Whe deYeORSPeQW Rf CD4+ TUP dXUiQg EAE, Ze 

SeUfRUPed CITE-VeT aQaO\ViV RQ CD4+ TcRQY ceOOV iVROaWed fURP Whe bUaiQ aQd VSiQaO cRUd aW 

Whe SeaN Rf Whe diVeaVe. ThiV aQaO\ViV XQcRYeUed 10 diffeUeQW cOXVWeUV aPRQg Zhich 3 ZeUe 

eQUiched iQ WUiSOe SRViWiYe ceOOV (cOXVWeU 0, 1 aQd 4) aQd 3 cOXVWeUV ZeUe cRPSRVed Rf WUiSOe 

QegaWiYe ceOOV (cOXVWeU 2, 3 aQd 5) (Suppl. Fig. 3A-B). IPSRUWaQWO\, GSEA aQaO\ViV VhRZed WhaW 

cOXVWeU 0 aQd 4 ZeUe VigQificaQWO\ eQUiched iQ TUP VigQaWXUeV, ZheUeaV cOXVWeU 2, 3 aQd 5 iQ 

ciUcXOaWiQg ceOO geQe VigQaWXUe (Suppl. Fig. 3C). TheVe daWa cRQfiUPed WhaW TUP ceOOV 

diffeUeQWiaWed eaUO\ RQ dXUiQg Whe acXWe ShaVe Rf CNS aXWRiPPXQiW\.   

 

CD4+ Trm infiltrate inflammatory lesions in the brain of persons with PMS.  

AV TUP cOXVWeUV fRUPiQg iQ Whe CNS Rf Pice dXUiQg Whe chURQic ShaVe Rf EAE ZeUe eQUiched 

iQ Whe WUaQVcUiSWiRQaO VigQaWXUe Rf CD4+ T ceOOV fURP Whe CSF Rf SZMS, Ze eYaOXaWed ZheWheU 

ViPiOaU CNS-iQfiOWUaWiQg CD4+ TUP caQ be deWecWed iQ WheiU bUaiQ. TR WhiV eQd, OiYe CD4+ T ceOOV 

iVROaWed fURP eiWheU OeViRQV aQd NAWM Rf deceaVed bUaiQ dRQRUV ZiWh PMS RU ZhiWe PaWWeU 

fURP cRQWURO dRQRUV ZeUe aQaO\]ed b\ fORZ c\WRPeWU\ (Fig. 4A). MRVW bUaiQ-iQfiOWUaWiQg CD4+ 

T ceOOV cR-e[SUeVVed Whe TUP PaUNeUV CD69 aQd CD49a iQ cRQWUaVW WR bORRd-deUiYed effecWRU 

PePRU\ T ceOO WhaW ZeUe QegaWiYe fRU bRWh VXUface PaUNeUV (Fig. 4A, B). The fUeTXeQc\ Rf 

cRQYeQWiRQaO CD4+ TUP (CD69+, CD49a+) aPRQg OiYe ceOOV aQd WheiU abVROXWe QXPbeUV WeQd WR 

iQcUeaVe iQ NAWM aQd OeViRQV Rf MS dRQRUV cRPSaUed ZiWh ZhiWe PaWWeU fURP cRQWURO 

iQdiYidXaOV. MRUeRYeU, CD69+ CD4+ T ceOOV aOVR e[SUeVVed CXCR6, aQd WR a OeVVeU e[WeQW 

P2RX7, aQd Whe fUeTXeQc\ Rf CD4+ T ceOOV e[SUeVViQg WheVe cRPbiQaWiRQV Rf TUP PaUNeUV ZaV 

higheU iQ bUaiQ WiVVXe fURP PMS cRPSaUed ZiWh cRQWUROV (Fig. 4C-F). OYeUaOO, RXU daWa SURYide 

eYideQce WhaW Whe PajRUiW\ Rf CD4+ T ceOOV iQ PMS OeViRQV e[hibiW a diVWiQcWiYe SheQRW\Se 

UePiQiVceQW WR Whe TUP ideQWified iQ chURQic EAE Pice, aQd WhaW Whe fUeTXeQc\ Rf CD4+ T ceOOV 
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cR-e[SUeVViQg PXOWiSOe TUP PaUNeUV iQcUeaVed iQ Whe bUaiQ Rf SZMS cRPSaUed ZiWh cRQWURO 

iQdiYidXaOV.  

 

Circulating CD4+ T cells are dispensable for maintaining chronic EAE in presence of Trm. 

SiQce Whe SheQRW\Sic aQd WUaQVcUiSWiRQaO aQaO\VeV UeYeaOed WhaW bRWh ciUcXOaWiQg aQd UeVideQW 

CD4+ T ceOOV SRSXOaWe Whe CNS Rf EAE Pice, Ze Qe[W aiPed aW deOiQeaWiQg Whe UeOaWiYe 

cRQWUibXWiRQ Rf Whe ciUcXOaWiQg YV. UeVideQW CD4+ T ceOO cRPSaUWPeQWV WR Whe diVeaVe cRXUVe.  

TR WhiV eQd, Ze WUeaWed Pice ZiWh FTY720, aSSURYed fRU Whe WUeaWPeQW Rf UeOaSViQg MS, Zhich 

iQdXceV Whe VeTXeVWUaWiRQ Rf bRWh CD4+ aQd CD8+ T ceOOV iQ O\PShRid WiVVXeV OeadiQg WR WheiU 

deSOeWiRQ fURP Whe bORRd. Mice ZeUe WUeaWed daiO\ fRU 2.5 ZeeNV eiWheU aW Whe RQVeW Rf Whe 

V\PSWRPV (fURP da\ 8 RQZaUd), RU dXUiQg Whe chURQic ShaVe (fURP da\ 40 RQZaUd) afWeU Whe 

eVWabOiVhPeQW Rf Whe TUP (Fig. 5A-B). AV SUeYiRXVO\ VhRZQ (30), FTY720 adPiQiVWUaWiRQ aW 

Whe RQVeW Rf EAE VigQV VigQificaQWO\ decUeaVed diVeaVe VeYeUiW\ aQd T ceOO iQfiOWUaWiRQ iQ bRWh 

bUaiQ aQd VSiQaO cRUd (Fig. 5C-D). B\ cRQWUaVW, aQd iQ OiQe ZiWh iWV iQeffecWiYeQeVV iQ 

SURgUeVViYe MS (31), FTY720 adPiQiVWUaWiRQ aW Whe chURQic VWage had QR iPSacW RQ EAE 

VeYeUiW\ aQd Oed WR a PiQRU decUeaVe Rf CD4+ T ceOOV iQ Whe bUaiQ aQd QR diffeUeQce iQ Whe VSiQaO 

cRUd (Fig. 5E-F). FTY720 had QR effecW RQ TUP QXPbeUV (Fig. 5F), iQ accRUdaQce ZiWh Whe 

e[WeQded OifeVSaQ aQd CNS WiVVXe UeVideQc\ Rf WheVe ceOOV. 

AV FTY720 did QRW eOiPiQaWe aOO UeciUcXOaWiQg T ceOOV, Whe cRQWUibXWiRQ Rf Whe UePaiQiQg 

ciUcXOaWiQg CD4+ T ceOOV iQ VXVWaiQiQg chURQic EAE VeYeUiW\ cRXOd QRW be fRUPaOO\ e[cOXded.  

TheUefRUe, ciUcXOaWiQg CD4+ T ceOOV ZeUe WhRURXghO\ aQd VSecificaOO\ deSOeWed WhURXgh 

UeSeWiWiYe iQjecWiRQV Rf deSOeWiQg aQWi-CD4 aQWibRd\ eiWheU aW Whe RQVeW Rf Whe V\PSWRPV (fURP 

da\ 8) RU aW a chURQic VWage (fURP da\ 40) fRU ~3 ZeeNV (Fig. 5G-H). DeSOeWiRQ Rf ciUcXOaWiQg 

CD4+ T ceOOV aW Whe RQVeW Rf EAE VigQV aOPRVW cRPSOeWeO\ abURgaWed Whe diVeaVe aQd CD4+ T 

ceOO iQfiOWUaWiRQ iQ Whe CNS (Fig. 5I-J). CRQYeUVeO\, CD4+ T ceOO deSOeWiRQ dXUiQg Whe chURQic 
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ShaVe had QR iPSacW RQ diVeaVe VcRUe aQd Oed WR a PiOd decUeaVe Rf CD4+ TUP QXPbeUV iQ Whe 

bUaiQ bXW QRW iQ Whe VSiQaO cRUd (Fig. 5K-L). OYeUaOO, WheVe daWa VhRZ WhaW iQ SUeVeQce Rf TUP, 

Whe ciUcXOaWiQg CD4+ T ceOO cRPSaUWPeQW iV diVSeQVabOe WR VXVWaiQ EAE VeYeUiW\ dXUiQg Whe 

chURQic ShaVe.  

 

Combined ablation of resident and circulating T cells decreased disease severity during 

the chronic phase of EAE.  

SiQce TUP aUe eQUiched iQ Whe CNS Rf Pice dXUiQg Whe chURQic ShaVe Rf EAE, e[hibiW a SUR-

iQfOaPPaWRU\ SRWeQWiaO aQd aUe SUefeUeQWiaOO\ ORcaOi]ed iQ iQfOaPPaWRU\ aQd deP\eOiQaWed 

UegiRQV, Ze eYaOXaWed WheiU UROe iQ VXVWaiQiQg cRPSaUWPeQWaOi]ed chURQic CNS iQfOaPPaWiRQ. 

TheUefRUe, Ze VeW RXW e[SeUiPeQWV WR deSOeWe TUP fURP Whe CNS aQd aVVeVVed Whe cRQVeTXeQceV 

Rf TUP deSOeWiRQ RQ chURQic diVeaVe VeYeUiW\. NicRWiQaPide adeQiQe diQXcOeRWide (NAD) 

adPiQiVWUaWiRQ haV beeQ UeSRUWed WR iQdXce Whe deSOeWiRQ Rf P2RX7-e[SUeVViQg TUP ceOOV 

WhURXgh Whe ADP-UibRV\OaWiRQ Rf P2RX7 b\ Whe ADP-UibRV\OWUaQVfeUaVe ARTC2, OeadiQg WR Whe 

UeceSWRU gaWiQg aQd XOWiPaWeO\ ceOO deaWh (20, 32). Of QRWe, PicURgOiaO ceOOV aQd aVWURc\WeV, 

Zhich aOVR e[SUeVV P2RX7, aUe UeViVWaQW WR NAD-iQdXce ceOO deaWh (33). TR eQVXUe WhaW TUP 

ZRXOd QRW be UeSOeQiVhed b\ ciUcXOaWiQg T ceOOV afWeU NAD-PediaWed deSOeWiRQ, ciUcXOaWiQg 

CD4+ T ceOOV ZeUe cRQWiQXRXVO\ deSOeWed RU QRW, SUiRU WR Whe NAD adPiQiVWUaWiRQ WhaW ZaV 

caUUied RXW eiWheU iQ eaUO\ chURQic ShaVe (da\ 26 SRVW-iPPXQi]aWiRQ) RU iQ Whe OaWe chURQic ShaVe 

(da\ 49) (Fig. 6A). IQWeUeVWiQgO\, WhUee da\V SRVW-adPiQiVWUaWiRQ, NAD WUeaWPeQW aORQe had QR 

effecW RQ CD4+ TUP QXPbeUV iQ Whe CNS Rf EAE Pice, ZheUeaV iW iQdXced a VigQificaQW 

deSOeWiRQ Rf TUP ceOOV iQ bRWh bUaiQ aQd VSiQaO cRUd ZheQ cRPbiQed ZiWh SUiRU CD4+ T ceOO 

deSOeWiRQ, iQdicaWiQg WhaW ciUcXOaWiQg CD4+ T ceOOV caQ iQdeed UeSOeQiVh Whe TUP Qiche iQ Whe 

CNS (Fig. 6B). AccRUdiQgO\, NAD WUeaWPeQW aORQe had QR effecW RQ Whe diVeaVe VcRUe, hRZeYeU 

ZheQ cRPbiQed WR Whe CD4+ T ceOO deSOeWiRQ Ze RbVeUYed a UedXcWiRQ Rf diVeaVe VcRUe Rf 
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49.4%�9.5 ZheQ SeUfRUPed aW Whe eaUO\ chURQic ShaVe (Fig. 6C) aQd Rf 20.7%�3.8 ZheQ 

adPiQiVWeUed dXUiQg Whe OaWe chURQic ShaVe (Fig. 6E). IQWeUeVWiQgO\, Ze RbVeUYed aQ iQYeUVe 

cRUUeOaWiRQ beWZeeQ diVeaVe iPSURYePeQW aQd TUP QXPbeUV iQ bRWh bUaiQ aQd VSiQaO cRUd (Fig. 

6D, F). IQ addiWiRQ, Whe decUeaVe Rf TUP QXPbeUV cRUUeOaWed ZiWh a UedXcWiRQ iQ Whe fUeTXeQc\ 

Rf MHC cOaVV II+ acWiYaWed PicURgOia bRWh iQ bUaiQ aQd Whe VSiQaO cRUd (Suppl. Fig. 4A-B). 

OYeUaOO, WheVe daWa VXggeVW a cRQWUibXWiRQ Rf TUP ceOOV iQ VXVWaiQiQg Whe chURQic ShaVe Rf EAE, 

aOWhRXgh iW cRXOd QRW be e[cOXded WhaW NAD adPiQiVWUaWiRQ Pa\ haYe T ceOO-iQdeSeQdeQW 

effecWV.  

TR defiQiWiYeO\ cOaUif\ Whe UROe Rf TUP dXUiQg chURQic EAE, Ze Qe[W XWiOi]ed a geQeWic PRdeO Rf 

TUP deSOeWiRQ b\ cURVViQg HRbiW-WdTRPaWR-CUe Pice ZiWh RRVa26-DTA176 Pice (34). AW VWead\ 

VWaWe Ze cRQfiUPed WhaW Whe Pice ZeUe deSOeWed iQ TUP SRSXOaWiRQV aV VhRZQ b\ Whe PaUNed, 

aObeiW iQcRPSOeWe, decUeaVe iQ TUP fUeTXeQc\ iQ Whe OiYeU, VSOeeQ aQd cRORQ (Suppl. Fig. 4C-

D). FROORZiQg iPPXQi]aWiRQ ZiWh MOG35-55/CFA, HRbiW-CUe+ DTA+ aQd HRbiW-CUe- DTA+ 

deYeORSed a ViPiOaU EAE cRXUVe XS WR da\ 35 (Fig 6G-H). HRZeYeU, fROORZiQg SeUiSheUaO CD4+ 

T ceOO deSOeWiRQ (fURP da\ 35 SRVW-iPPXQi]aWiRQ RQZaUd), HRbiW-CUe+ DTA+ Pice bXW QRW WheiU 

TUP-VXfficieQW HRbiW-CUe- DTA+ cRXQWeUSaUWV SUeVeQWed a 25%�8.2 UedXcWiRQ iQ Whe diVeaVe 

VcRUe, iQdicaWiQg a SaWhRgeQic cRQWUibXWiRQ Rf TUP ceOOV dXUiQg Whe chURQic ShaVe Rf EAE. The 

cOiQicaO beQefiW ZaV aVVRciaWed ZiWh a UedXcWiRQ iQ CD4+ TUP QXPbeUV iQ Whe CNS Rf Whe HRbiW-

CUe+ DTA+ Pice cRPSaUed ZiWh CUe- Pice (Fig. 6I) aQd a decUeaVe iQ PicURgOiaO acWiYaWiRQ iQ 

Whe VSiQaO cRUd (Suppl. Fig. 4E). IW iV ZRUWh VWUeVViQg WhaW TUP deSOeWiRQ fURP Whe CNS Rf 

HRbiW-CUe+ DTA+ Pice ZaV SaUWiaO ZiWh, RQ aYeUage, a decUeaVe Rf 50.5% iQ Whe bUaiQ aQd 76.7% 

iQ Whe VSiQaO cRUd. NeYeUWheOeVV, heUe agaiQ, aQ iQYeUVe cRUUeOaWiRQ ZaV RbVeUYed beWZeeQ TUP 

QXPbeUV iQ Whe CNS aQd Whe EAE VcRUe iPSURYePeQW, UeiQfRUciQg Whe cRQceSW WhaW TUP ceOOV 

SaUWiciSaWe iQ PaiQWaiQiQg Whe chURQic ShaVe Rf EAE (Fig. 6J). OYeUaOO, RXU daWa dePRQVWUaWed 
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WhaW TUP cRQWUibXWe WR EAE VeYeUiW\ dXUiQg Whe chURQic ShaVe, aQd WhaW WheiU WheUaSeXWic 

WaUgeWiQg UeTXiUeV acWiQg RQ bRWh Whe TUP ceOOV aQd WheiU ciUcXOaWiQg SUecXUVRUV. 
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Discussion 

WhiOe SUeVeQce Rf CD4+ T ceOOV aW Whe chURQic ShaVe Rf EAE (35, 36) aQd iQ chURQic acWiYe MS 

OeViRQV haV beeQ cRQViVWeQWO\ UeSRUWed (5, 37), OiWWOe ZaV NQRZQ abRXW Whe SUeVeQce aQd Whe 

SaWhRgeQic SRWeQWiaO Rf Whe ORQg-OiYed CNS-UeVidiQg CD4+ TUP ceOOV. OXU VWXd\ cRQWUibXWeV WR 

diVeQWaQgOe Whe cRPSOe[ iQWeUSOa\ beWZeeQ Whe iQfOaPPaWRU\ aQd QeXURdegeQeUaWiYe SURceVVeV 

iQ chURQic aXWRiPPXQe SaWhRORgieV Rf Whe CSN b\ ideQWif\iQg Whe UROe Rf CD4+ TUP ceOOV. 

IQdeed, cRQYeQWiRQaO CD4+ T ceOOV ZiWh feaWXUeV Rf TUP dRPiQaWe Whe T ceOO iQfiOWUaWe dXUiQg 

Whe chURQic ShaVe Rf EAE. AW WhiV ShaVe, CNS-iQfiOWUaWiQg CD4+ T ceOOV e[SUeVV (i) TUP VXUface 

PaUNeUV aQd Whe TUP-VSecific WUaQVcUiSWiRQ facWRU HRbiW, (ii) e[hibiW a WUaQVcUiSWiRQaO VigQaWXUe 

Rf TUP, (iii) SUefeUeQWiaOO\ ORcaOi]e ZiWhiQ iQfOaPPaWRU\ aQd deP\eOiQaWed OeViRQV aQd (iY) aUe 

XQaffecWed b\ SeUiSheUaO CD4+ T ceOO deSOeWiRQ. IPSRUWaQWO\, e[SeUiPeQWaO VWUaWegieV deSOeWiQg 

TUP UeYeaOed WhaW CNS-UeVidiQg TUP ceOOV cRQWUibXWe WR Whe ORcaO cRPSaUWPeQWaOi]ed 

deOeWeUiRXV chURQic iQfOaPPaWiRQ.  IPSRUWaQWO\, RXU fiQdiQgV cRXOd be WUaQVOaWed WR SaWieQWV, aV 

aQaO\ViV Rf iQfOaPPaWRU\ bUaiQ OeViRQV fURP SeUVRQV ZiWh PMS UeYeaOed Whe SUeVeQce Rf cOXVWeUV 

Rf CD4+ TUP, VhaUiQg feaWXUeV ZiWh WhRVe ideQWified iQ chURQic EAE.  

IQ OiQe ZiWh Whe PRdeVW, if aQ\, efficac\ Rf WUeaWPeQWV SUeYeQWiQg Whe PigUaWiRQ Rf T ceOOV WR Whe 

CNS VXch aV NaWaOi]XPab RU FiQgROiPRd/FTY720 iQ SeUVRQV ZiWh PMS, SeUiSheUaO CD4+ T 

ceOO deSOeWiRQ RU WUeaWPeQW ZiWh FTY720 had QR iPSacW RQ Whe VeYeUiW\ Rf chURQic EAE aQd OefW 

Whe CD4+ TUP cRPSaUWPeQW iQ Whe CNS OaUgeO\ iQWacW (31, 38, 39). TheVe daWa hiQWed WRZaUdV 

aQ iQYROYePeQW Rf Whe CNS-UeVideQW T ceOOV iQ Whe chURQic SaWhRORg\. TR e[SeUiPeQWaOO\ addUeVV 

ZheWheU iW ZaV iQdeed Whe caVe, Ze deSOeWed TUP eiWheU XViQg a geQeWic PRdeO (HRbiWCUe-DTA) 

RU a ShaUPacRORgicaO aSSURach (NAD adPiQiVWUaWiRQ). SXUSUiViQgO\, bRWh PeWhRdV Oed WR a cOeaU 

deSOeWiRQ Rf CNS TUP RQO\ ZheQ cRPbiQed ZiWh SeUiSheUaO CD4+ T ceOO eOiPiQaWiRQ. MRUe 

iPSRUWaQWO\, TUP deSOeWiRQ Oed WR a VigQificaQW decUeaVe iQ EAE VeYeUiW\ dXUiQg iWV chURQic 

ShaVe, WhRXghW WR UefOecW fi[ed diVabiOiW\ UeVXOWiQg fURP iUUeYeUVibOe CNS WiVVXe daPage. TheVe 
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daWa XQeTXiYRcaOO\ dePRQVWUaWe a dUiYeU UROe fRU CD4+ TUP ceOOV iQ cRQWUibXWiQg WR chURQic 

EAE, aQd VXggeVW WhaW TUP WaUgeWiQg cRXOd be a QeZ aYeQXe fRU Whe WUeaWPeQW Rf PMS. OXU 

UeVXOWV aUe aOVR iQ OiQe ZiWh aQ LQ VLOLFR PRdeOiQg VWXd\ VXggeVWV WhaW CNS-T ceOO deSOeWiRQ 

ZRXOd \ieOd Whe higheVW beQeficiaO effecW RQ chURQic CNS iQfOaPPaWiRQ iQ chURQic OeViRQ edge 

iQ MS (37). The SRWeQWiaO Rf CD4+ TUP iQ dUiYiQg WhiV chURQic iQfOaPPaWRU\ SaWhRORg\ Rf Whe 

CNS iV aOVR iQ OiQe ZiWh a SUeYiRXV UeSRUW VhRZiQg WhaW CD4+ TUP aUe Ne\ iQ dUiYiQg chURQic 

iQWeVWiQaO iQfOaPPaWiRQ WhURXgh a cURVV WaON ZiWh iQQaWe P\eORid ceOOV (20). IQ Whe caVe Rf EAE, 

Whe PechaQiVPV b\ Zhich TUP VXVWaiQ CNS d\VfXQcWiRQ dXUiQg chURQic diVeaVe aUe QRW fXOO\ 

XQUaYeOed, bXW RXU daWa VXggeVW WhaW TUP SURPRWe Whe acWiYaWiRQ Rf PicURgOiaO ceOOV WhURXgh 

VecUeWiRQ Rf iQfOaPPaWRU\ c\WRNiQe aQd chePRNiQeV. IQdeed, TUP ZeUe ORcaOi]ed SUefeUeQWiaOO\ 

ZiWhiQ iQfOaPPaWRU\ UegiRQV cRQWaiQiQg acWiYaWed PicURgOia/PacURShageV, aQd deSOeWiRQ Rf 

TUP cRUUeOaWed ZiWh a decUeaVe iQ PicURgOiaO acWiYaWiRQ. TheUefRUe, TUP PighW be fXeOiQg a ORZ-

gUade chURQic iQfOaPPaWiRQ acWiYaWiQg ORcaO P\eORid ceOOV, aQd OiNeO\ aOVR aVWURc\WeV, Zhich iQ 

WXUQ SURPRWe fXUWheU deP\eOiQaWiRQ aQd QeXURa[RQaO daPage, SUeYeQW UeP\eOiQaWiRQ RU bRWh 

(40-44). SiPiOaUO\, iQ a PXUiQe PRdeO Rf CD8+ T ceOO PediaWed eQceShaOiWiV, CD8+ T ceOOV ZeUe 

iPSRUWaQW WR aWWUacW ShagRc\WeV WhaW caXVed V\QaSWic ORVV (45). MRUeRYeU, aV CD4+ TUP caQ 

SURYide heOS fRU Whe PaiQWeQaQce Rf aXWR-UeacWiYe CD8+ TUP iQ e[SeUiPeQWaO PRdeOV (5, 18, 

46, 47), iW iV SOaXVibOe WhaW, ZiWhiQ MS OeViRQV, CNS-iQfiOWUaWiQg CD4+ TUP SURPRWe Whe 

PaiQWeQaQce Rf CD8+ TUP, Zhich cRXOd WheQ V\QeUgi]e ZiWh CD4+ TUP ceOOV iQ SURPRWiQg ORcaO 

iQfOaPPaWiRQ. IQdeed, CD8+ TUP haYe beeQ UeSRUWed iQ Whe CSF (8) aQd iQ Whe CNS WiVVXe fURP 

SZMS, QRWabO\ iQ chURQic acWiYe OeViRQV (4-7, 48, 49).  

OXU WUaQVcUiSWiRQaO aQaO\ViV UeYeaOV Whe heWeURgeQeiW\ Rf Whe CNS-iQfiOWUaWiQg CD4+ TUP dXUiQg 

chURQic EAE ZiWh WZR TUP cOXVWeUV VhRZiQg a Th1 SURfiOe (e[SUeVViQg IIQJ aQd 7QI aQd 7E[21) 

aQd aQRWheU e[hibiWiQg a Th17 SheQRW\Se (e[SUeVViQg IL17D aQd IL17I, CIV2, aQd Whe 

WUaQVcUiSWiRQ facWRUV RRUF aQd MDI). SiPiOaUO\, WZR VXbVeWV Rf CD8+ TUP diffeUeQWiaWe iQ Whe 
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VNiQ afWeU WRSicaO chURQic SWDSK\ORFRFFXV HSLGHUPLGLV cRORQi]aWiRQ, SURdXciQg eiWheU IFN-J or 

IL-17 (13). TheVe VNiQ TUP UeO\ RQ diYeUgeQW SaWhZa\V fRU WheiU diffeUeQWiaWiRQ ZiWh Whe W\Se 1 

TUP (IFN-J+) beiQg deSeQdeQW RQ Whe WUaQVcUiSWiRQaO HRbiW-T-beW a[iV ZhiOe Whe W\Se 17 TUP 

(IL17+) iV deSeQdeQW RQ Whe WUaQVcUiSWiRQ facWRU Maf (13). IW UePaiQV WR deWeUPiQe Zhich VXbVeW 

Rf TUP aUe SaWhRgeQic dXUiQg Whe chURQic EAE iQ Pice aQd iQ SeUVRQV ZiWh PMS. NRWabO\, Th17 

TUP haYe beeQ VhRZQ WR aPSOif\ SaWhRgeQ-iQdXced NidQe\ aXWRiPPXQe SaWhRORg\ aQd haYe 

beeQ iQYROYed iQ Whe cRQWURO Rf bacWeUiaO aQd fXQgaO iQfecWiRQV (21, 50).  HRZeYeU, a PRUe 

cRPSOe[ SicWXUe iV VXbVWaQWiaWed b\ RXU WUaQVcUiSWiRQaO daWa iQdicaWiQg Whe WZR Th1 TUP cOXVWeUV 

aUe eQUiched iQ Whe VigQaWXUe Rf Whe VR-caOOed CXCR6+ SaWhRgeQic (cXUUeQW RU E[) Th17 CD4+ 

T ceOOV UeceQWO\ ideQWified iQ EAE (27). TheVe daWa VXggeVW WhaW Th1 TUP cRXOd ePeUge fURP a 

Th17 ceOO ciUcXOaWiQg SUecXUVRU. SXch Th17 WR Th1 Ue-SROaUi]aWiRQ ZRXOd aOVR be cRQViVWeQW ZiWh 

a SUeYiRXV UeSRUW VhRZiQg WhaW E[-Th17 ceOOV cRXOd giYe UiVe WR bRWh W\Se 1 aQd W\Se 17 TUP 

ceOOV iQ Whe VNiQ afWeU bacWeUiaO iQfecWiRQ (51).  

USRQ WheiU WaUgeWiQg, CNS-iQfiOWUaWiQg CD4+ TUP ceOOV decUeaVed iQ QXPbeUV RQO\ ZheQ 

SeUiSheUaO CD4+ T ceOOV ZeUe ViPXOWaQeRXVO\ WaUgeWed, XQPaVNiQg aQ iPSRUWaQW UeOaWiRQVhiS 

beWZeeQ Whe SeUiSheUaO aQd Whe CNS-UeVideQW CD4+ T ceOO cRPSaUWPeQWV. TUP SUecXUVRUV haYe 

beeQ ideQWified iQ Whe SeUiSheU\ iQ PRdeOV Rf YiUaO iQfecWiRQ (52, 53) iQ Pice, heQce iW iV 

WePSWiQg WR VSecXOaWe WhaW SUecXUVRUV Rf TUP ceOOV ORcaOi]ed iQ Whe SeUiSheU\ cRXOd UaSidO\ 

UeSOeQiVh Whe CNS TUP cRPSaUWPeQW XSRQ deSOeWiRQ. ThiV VXggeVWV WhaW fXWXUe WUeaWPeQWV 

agaiQVW PMS VhRXOd aiP aW eOiPiQaWiQg bRWh TUP iQ Whe CNS aQd WheiU SUecXUVRUV iQ Whe 

SeUiSheU\ iQ RUdeU WR achieYe Pa[iPaO efficieQc\.  

OYeUaOO, RXU UeVXOWV chaOOeQge Whe YieZ WhaW diVabiOiW\ aW Whe chURQic ShaVe Rf EAE iV Whe UeVXOW 

Rf iUUeYeUVibOe QeXURa[RQaO ORVV aQd UaWheU dePRQVWUaWe WhaW Whe abVeQce Rf UePiVViRQ aW a 

chURQic VWage iV acWiYeO\ iPSeded b\ aQ RQgRiQg ORcaO iQfOaPPaWRU\ SURceVV dUiYeQ aW OeaVW 

SaUWO\ b\ CD4+ TUP ceOOV. SiPiOaUO\, iQ PMS, cOiQicaO deWeUiRUaWiRQ haV beeQ aWWUibXWed WR 
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chURQicaOO\ iQfOaPed OeViRQV (chURQic acWiYe) (54).  ANiQ WR Whe chURQic ShaVe Rf EAE, Whe 

SURgUeVViYe ShaVe Rf MS iV UefUacWRU\ WR dUXgV WaUgeWiQg Whe SeUiSheUaO adaSWiYe iPPXQe 

V\VWeP. OXU ZRUN UeYeaOV a SaWhRgeQic UROe Rf CD4 TUP iQ chURQic EAE aQd VXggeVWV WhaW QeZ 

WheUaSeXWic VWUaWegieV agaiQVW WhiV fRUP Rf MS VhRXOd WaUgeW Whe CNS-UeVideQW T ceOO 

cRPSaUWPeQW, WRgeWheU ZiWh iWV ciUcXOaWiQg SUecXUVRUV. TaUgeWiQg RQe Rf Whe biRORgicaO SURceVVeV 

XQdeUO\iQg chURQiciW\ aQd SURgUeVViRQ Rf iQfOaPPaWRU\ diVeaVeV Rf Whe CNS ZiOO bUiQg XV cORVeU 

WR addUeVV a PajRU XQPeW PedicaO Qeed.  
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Material and methods 

Mice 

C57BL/6 (ENVIGO), HRbiW-WdTRPaWR-CUe-DTR (25), HRbiW-CUe [ DTA176 (34), C57BL/6 

CD45.1 (PWSUF) [ CD45.2, FR[S3-CUe-YFP (55) aQd MOG35-55-VSecific 2D2-TCR WUaQVgeQic 

Pice (26) ZeUe hRXVed iQ VSecific SaWhRgeQ fUee cRQdiWiRQV aW Whe UMS006 aQiPaO faciOiW\, 

Zhich iV accUediWed b\ Whe FUeQch MiQiVWU\ Rf AgUicXOWXUe. AOO Whe e[SeUiPeQWaO SURWRcROV ZeUe 

aSSURYed b\ aQ eWhicV cRPPiWWee aQd aUe iQ cRPSOiaQce ZiWh Whe EXURSeaQ UQiRQ UegXOaWiRQV. 

AOO Whe e[SeUiPeQWV iQcOXde OiWWeUPaWe Pice Zhich ZeUe PaWched fRU age aQd Ve[ aQd ZeUe NeSW 

iQ eQUiched cageV Rf Pa[iPXP 5 cRPSaQiRQV iQ a OighW/daUN cRQWUROOed c\cOe.  

 

Induction of experimental autoimmune encephalomyelitis (EAE) and clinical scoring 

TR iQdXce acWiYe EAE, Pice ZeUe iPPXQi]ed aW da\ 0 ZiWh 50ȝg Rf MOG35-55 SeSWide 

(CRYaOab) ePXOVified iQ cRPSOeWe FUeXQd¶V adjXYaQW (CFA) cRPSRVed Rf M\cRbacWeUiXP 

TXbeUcXORViV 1Pg/PO (BecWRQ-DiNiQVRQ) iQ iQcRPSOeWe FUeXQd¶V adjXYaQW (SigPa-AOdUich-

F5506). PeUWXVViV WR[iQ 200Qg/PO (LiVW LabV) ZaV iQjecWed iQWUaYeQRXVO\ (i.Y.) aW da\V 0 aQd 2 

SRVW-iPPXQi]aWiRQ. The iQcideQce aQd Whe VeYeUiW\ Rf Whe diVeaVe ZeUe PRQiWRUed daiO\ aQd 

ZeUe eYaOXaWed aV SUeYiRXVO\ deVcUibed (56). 

 

Isolation of CNS-infiltrating cells and assessment of cytokine production 

Mice ZeUe fiUVW aQeVWheWi]ed ZiWh aQ iQWUaSeUiWRQeaO (i.S.) iQjecWiRQ Rf a VROXWiRQ Rf X\Oa]iQe-

KeWaPiQe (10Pg/Ng X\Oa]iQe, 100Pg/Ng KeWaPiQe diOXWed iQ PBS) aQd WheQ SeUfXVed 

iQWUacaUdiaOO\ ZiWh PBS 1X. BUaiQ, VSiQaO cRUd, ceUYicaO O\PSh QRdeV aQd VSOeeQ ZeUe cROOecWed 

VeSaUaWeO\. BUaiQV aQd VSiQaO cRUdV ZeUe hRPRgeQi]ed aQd digeVWed ZiWh cROOageQaVe D 

(1Pg/PO), deR[\UibRQXcOeaVe (DNaVe) I (20ȝg/PO) aQd TRV\O-L-O\V\O-chORURPeWhaQe 

h\dURchORUide (30ȝg/PO), aOO fURP RRche DiagQRVWicV, iQ HaQNV¶ baOaQced VaOW VROXWiRQ PediXP 
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(GibcR). AfWeU 45PiQ Rf digeVWiRQ aW URRP WePSeUaWXUe, ceOOV ZeUe ZaVhed, VXVSeQded iQ 30% 

PeUcROO (GE HeaOWhcaUe) aQd WheQ VSXQ aW 1590g fRU 30PiQ ZiWhRXW bUaNe. MRQRQXcOeaU ceOOV 

ZeUe WheQ iVROaWed fURP P\eOiQ/debUiV aQd XVed fRU fXUWheU e[SeUiPeQWV.  

IVROaWed ceOOV ZeUe VWiPXOaWed iQ YiWUR ZiWh PMA (1ȝg/PO, SigPa), IRQRP\ciQ (1ȝg/PO, SigPa) 

aQd GROgi SWRS (BD) fRU 4 hRXUV WR aVVeVV Whe SURdXcWiRQ Rf IFNJ, IL-17A aQd TNFĮ. 

 

Flow cytometry on mouse samples 

AQWibRdieV cORQeV, fOXRURchURPeV aQd VXSSOieUV aUe VSecified iQ Whe TabOe 1. FRU e[WUaceOOXOaU 

VWaiQiQg, ceOOV ZeUe iQcXbaWed ZiWh aQWibRdieV aW 4�C fRU 20PiQ iQ FACS bXffeU (PBS ZiWh 2% 

feWaO bRYiQe VeUXP). FRU iQWUaceOOXOaU VWaiQiQg, ceOOV ZeUe iQcXbaWed ZiWh aQWibRdieV aW 4�C fRU 

30PiQ iQ FR[S3 VWaiQiQg bXffeU (eBiRVcieQce). SaPSOeV ZeUe acTXiUed ZiWh Whe FRUWeVVa fORZ 

c\WRPeWeU (BD BiRVcieQce) aQd aQaO\]ed ZiWh FORZjRTM Y5 (BecWRQ DicNiQVRQ & CRPSaQ\) 

aQd GUaShSad PUiVP Y9.4.1 VRfWZaUe. 

 

TabOe 1.   

Anti-mouse antibody 
flow-cytometry 

 

 
SOURCE 

 
Clone 

 
Fluorochrome 

 
Identifier 

CD103 BD HRUi]RQ M290 Pe-CF 594 565849 
CD103 BD HRUi]RQ M290 BV510 563087 
CD11b eBiRVcieQce M1-70 e-FOXRU 450 48-0112-82 
CD11c BD PhaUPigeQ HL3 Pe-C\7 558079 
CD186 (CXCR6) MiOWeQ\i REA1193 APC 130-122-755 
CD195 (CCR5) BD HM-CCR5 (7A4) BV711 743699 
CD223 (Lag-3) eBiRVcieQce C9B7W APC-eFOXRU 780 47-2231-82 
CD317 (BVW-2) BiRLegeQd 927 AOe[a FOXRU 700 127038 
CD357 (GITR) BD PhaUPigeQ DTA-1 Pe-C\7 558140 
CD4 BiRLegeQed RM4-5 BV785 100552 
CD44 BiRLegeQed IM7 BV570 103037 
CD44 IQYiWURgeQ IM7 AOe[a FOXRU 700 56-0441-82 
CD45.1 BD HRUi]RQ A20 e-FOXRU 450 563983 
CD45.2 BD PhaUPigeQ 104 PeUCSC\5.5 552950 
CD49a BD PhaUPigeQ Ha31/8 BUV737 741776 
CD62L BD MEL-14 BUV563 741230 
CD69 eBiRVcieQce H1.2F3 FITC 11-0691-82 
CD8a BD HRUi]RQ 53-6.7 Pe-CF 594 562283 
CD8a BiRLegeQd 53-6.7 BV 510 100751 
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ERPeV IQYiWURgeQ DaQ11Pag PE-eFOXRU 610 61-4875-82 
FR[S3 eBiRVcieQce FJK-16V PeUCSC\5.5 45-5773-82 
FR[S3 eBiRVcieQce FJK-16V Pe-C\7 25-5773-82 
F4/80 eBiRVcieQce BM8 APC 17-4801-82 
GM-CSF BD HRUi]RQ MP1-22E9 BV421 564747 
IFN-Ȗ BD PhaUPigeQ XMG1.2 Pe-C\7 561040 
IL-17A BD PhaUPigeQ TC11-18H10 PeUCSC\5.5 560666 
L\6C BD PhaUPigeQ 561237 AOe[a FOXRU 700 AL-21 
L\6G BiRLegeQd 127633 BV510 1A8 
L\108 (SOaPf6) BD PhaUPigeQ 745730 BV395 13G-3 
MHCII BiRLegeQd 107643 BV711 M5/114.15.2 
P2RX7 BiRLegeQd 148703 PE 1F11 
P2RX7 BiRLegeQd 148708 Pe-C\7 1F11 
RORȖT BD HRUi]RQ 564723 BV785 Q31-378 
TCRȕ BD HRUi]RQ 562840 BV605 H57-597 
TCRȕ BD BiRVcieQce 563135 BV711 H57-597 
ViabiOiW\ d\e TheUPRfiVheU 65-0865-14 eFOXRU780  

 

Post-mortem human brain tissues 

HXPaQ bUaiQ WiVVXeV ZeUe SURYided b\ Whe NeWheUOaQdV BUaiQ BaQN (APVWeUdaP, The 

NeWheUOaQdV; hWWSV://ZZZ.bUaiQbaQN.QO). IQfRUPed cRQVeQW fRU SeUfRUPiQg aXWRSV\ aQd XViQg 

WiVVXe aQd cOiQicaO daWa fRU UeVeaUch SXUSRVeV ZaV RbWaiQed fURP dRQRUV aQd aSSURYed b\ Whe 

eWhicV cRPPiWWee Rf APVWeUdaP UMC (LRcaWiRQ VUPc, APVWeUdaP, The NeWheUOaQdV). 

SXbcRUWicaO ZhiWe PaWWeU (WM) WiVVXe bORcNV ZeUe cROOecWed fURP QRQ-QeXURORgicaO cRQWURO 

dRQRUV. NRUPaO-aSSeaUiQg WM aQd OeViRQaO WM WiVVXe bORcNV Rf MS dRQRUV ZeUe diVVecWed 

aW aXWRSV\ RQ SRVW-PRUWeP PagQeWic UeVRQaQce iPagiQg gXidaQce, aV deVcUibed (7, 49). 

NeXURORgicaO diagQRViV ZaV cRQfiUPed SRVW-PRUWeP b\ a QeXURSaWhRORgiVW, baVed RQ bRWh 

cOiQicaO aQd SaWhRORgicaO daWa. NRQ-QeXURORgicaO cRQWURO dRQRUV ZiWh cRgQiWiYe SURbOePV, baVed 

RQ cOiQicaO daWa, ZeUe e[cOXded fURP Whe aQaO\ViV. DRQRU chaUacWeUiVWicV aUe diVSOa\ed iQ TabOe 

2. 
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TabOe 2. 

DiagQRViV Age 
(\UV

) 

Se[ PMD 
(h:PiQ) 

SH  
CSF 

DiVeaVe 
dXUaWiRQ 
(\eaU) 

MS  
W\Se 

CaXVe Rf deaWh 

NDC 96 F 08:30 6.7   SWRSSed eaWiQg aQd dUiQNiQg 
aQd died Rf ROd age. 

NDC 72 M 06:55 6.8   MXOWiSOe P\eORPa ZiWh 
SOaVPac\WRPaV ZiWh VecRQdaU\ 
UeQaO iQVXfficieQc\ aQd SOeXUaO 
effXViRQ 

NDC 85 F 06:50 6.8   MeWaVWaWic ORQg caQceU 
NDC 101 F 06:00 6.7   HeaUW faiOXUe, ROd age 
NDC 96 M 04:50 7.3   PaOOiaWiYe VedaWiRQ becaXVe Rf 

bURQchiaO caUciQRPa 
MS 67 F 05:45 6.6 6 PMS EXWhaQaVia 
MS 50 F 10:15 6.4 13 PMS EXWhaQaVia 

MS 53 F 05:50 6.8 16 PMS EXWhaQaVia 

MS 67 F 06:40 6.6 39 PMS SeSViV fURP iQfecWed biOe dXcWV 

MS 65 F 09:30 6.7 33 Q/a SeSViV 
MS 58 F 09:20 6.5 17 PMS EXWhaQaVia 
MS 57 M 04:45 6.6 7 PMS EXWhaQaVia 
MS 54 F 05:30 Qd 13 PMS EXWhaQaVia 

NDC 92 M 07:45 6.1   LXQg fibURViV 
NDC 88 M 05:40 Qd   MeWaVWaVWaWic caQceU Rf Whe 

bOaddeU 
NDC 67 F 09:30 6.1   CaUdiac aUUeVW 
NDC 79 F 04:35 6.8   EXWhaQaVia 
NDC 79 M 07:25 6.1   UURVeSViV 
MS 72 M 08:10 6 15 PMS OeXNePia 
MS 57 M 04:45 6.6 7 PMS EXWhaQaVia 
MS 54 M 05:40 6.7 6 Q/a CROOaSVe, YeQWiOaWiRQ VWRSSed, 

UeVXVciWaWiRQ ZaV XQVXcceVVfXO 
MS 60 F 09:20 6.5 32 Q/a MeWaVWaWic bUeaVW caQceU (QR 

bUaiQ PeWaVWaVeV) 
MS 62 F 06:45 6.3 16 PMS PaOOiaWiYe VedaWiRQ, afWeU a 

SeUiRd Rf SURgUeVViYe geQeUaO 
deWeUiRUaWiRQ iQ a SaWieQW ZiWh 
MS 

MS 72 M 08:50 6.4 4 PMS EXWhaQaVia 
Age: age aW deaWh, CSF: ceUebURVSiQaO fOXid, F: fePaOe, M: PaOe, PMS: SURgUeVViYe PXOWiSOe VcOeURViV, 
Q/a: daWa QRW aYaiOabOe, NDC: NRQ-dePeQWed cRQWURO, PMD: SRVW-PRUWeP deOa\. 
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Isolation of human brain T cells from fresh autopsy material 

WhiWe PaWWeU fURP cRQWURO aQd MS caVeV aQd PacURVcRSicaOO\ YiVibOe MS OeViRQV ZeUe 

diVVecWed aW aXWRSV\ aQd VWRUed aW 4�C iQ HibeUQaWe A PediXP (TheUPR FiVheU ScieQWific). A 

VPaOO WiVVXe VaPSOe ZaV VQaS-fUR]eQ iQ OiTXid QiWURgeQ aQd VWRUed aW í80�C fRU 

iPPXQRhiVWRchePiVWU\. The UePaiQiQg WiVVXe ZaV PechaQicaOO\ diVVRciaWed aV SUeYiRXVO\ 

deVcUibed (6, 49, 57). BUaiQ VaPSOeV fURP MS ZeUe VPaOOeU RU eTXaO iQ Vi]e WR cRQWURO ZhiWe 

PaWWeU VaPSOeV. MRQRQXcOeaU ceOOV ZeUe VeSaUaWed fURP Whe VXVSeQViRQ b\ PeUcROO (GE 

HeaOWhcaUe) gUadieQW ceQWUifXgaWiRQ, fROORZed b\ CD11b PagQeWic acWiYaWed ceOO VRUWiQg 

(MiOWeQ\i BiRWech), aV SUeYiRXVO\ deVcUibed (58, 59). AfWeU CD11b ceOO VRUWiQg, Whe fORZ-

WhURXgh cRQWaiQiQg T ceOOV ZaV cU\RSUeVeUYed iQ OiTXid QiWURgeQ XQWiO XVe. 

 

Flow cytometry analysis of human brain samples 

SiQgOe-ceOO VXVSeQViRQV ZeUe bORcNed ZiWh FcR BORcNiQg ReageQW (MiOWeQ\i BiRWec) aQd 

VWaiQed ZiWh cRcNWaiOV Rf fOXRURchURPe-cRQjXgaWed aQWibRdieV, VXPPaUi]ed iQ TabOe 3, iQ DPBS 

VXSSOePeQWed ZiWh 0.5 % bRYiQe VeUXP aObXPiQ (BSA) aQd 2 PM EWh\OeQediaPiQeWeWUaaceWic 

acid (EDTA). IQWUaceOOXOaU VWaiQiQg ZaV SeUfRUPed XViQg eBiRVcieQce� FR[S3/TUaQVcUiSWiRQ 

FacWRU SWaiQiQg BXffeU SeW (TheUPR FiVheU ScieQWific) fRU Whe deWecWiRQ Rf WUaQVcUiSWiRQ facWRUV. 

CRQWURO VaPSOeV iQcOXded XQVWaiQed, ViQgOe fOXRURchURPe-VWaiQed cRPSeQVaWiRQ beadV 

(UOWUaCRPS eBeadV; eBiRVcieQce), aQd fOXRUeVceQce-PiQXV-RQe (FMO) cRQWUROV. SWaiQed ceOOV 

ZeUe acTXiUed XViQg Whe BD LSRFRUWeVVa. DaWa ZeUe aQaO\]ed XViQg FORZJR VRfWZaUe (BD 

BiRVcieQceV).  
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TabOe 3. 

Anti-human antibody  
flow-cytometry SOURCE Clone 

 
Fluorochrome 

CD3 eBiRVcieQce UCHT1 PE-CF594 
CD3 SK7  PE-C\5.5  eBiRVcieQce  
CD4 BD BiRVcieQceV SK3 BUV563 
CD4 BiRLegeQd  OKT4  BV510  
CD8 BD BiRVcieQceV RPA-T8 BV786 
CD11b BiRLegeQd  ICRF44 BV605 
CD20 BD BiRVcieQce  L27  APC 
CD25 BiRLegeQd BC96 BV421 
CD44 BiROegeQd  IM7  PE-Da]]Oe594  
CD45RA BiRLegeQd HI100 BV510 
CD49a BD BiRVcieQceV SR84 BB515 
CD49a BD BiRVcieQceV SR84 PE 
CD49a BD BiRVcieQceV SR84 BV421  
CD69 BiRLegeQd FN50 BV650 
CD103 BD BiRVcieQceV BeU-ACT8 BUV395 
CD127 BD BiRVcieQceV HIL-7R-M21 BUV496 
CD152/CTLA4 eBiRVcieQce 14D3 PeUCP-eFOXRU 710 
CD186/CXCR6 BiRLegeQd K041E5  PE-C\7  
CD195/CCR5 BiRLegeQd HEK/1/85a AOe[a FOXRU 700 
CD197/CCR7 BD BiRVcieQceV 3D12 PE-C\7 
CD279/PD-1 BD BiRVcieQceV  EH12.1  BB515  
FOXP3 eBiRVcieQce PCH101 APC 
FOXP3 eBiRVcieQce PCH101 PE 
GPR56 BiRLegeQd CG4  PE 
GUaQ]\Pe B BD BiRVcieQceV  GB11  AOe[a FOXRU 700 
Ki-67 BiRLegeQd  Ki-67 BV711 
P2RX7 NRYXV biRORgicaOV 7G1D6 AOe[a FOXRU 488 
P2RX7 DU.Bj|UQ RiVVieN QaQRbRd\ DaQR1 AOe[a FOXRU 647 
ViabiOiW\ d\e   eFOXRU 780 
 

Generation of bone marrow chimera 

ReciSieQWV Pice ZeUe iUUadiaWed ZiWh a ViQgOe dRVe Rf 8 G\ aQd ZeUe UecRQVWiWXWed 24h OaWeU 

ZiWh a Pi[ Rf  5[ 106 bRQe PaUURZ ceOOV RUigiQaWiQg fURP CD45.1+ MOG35-55-VSecific 2D2-

TCR WUaQVgeQic aQd fURP CD45.1+ [ CD45.2+ WT Pice, aW a UaWiR Rf 1:9 AfWeU 8-ZeeN 

UecRQVWiWXWiRQ, Pice ZeUe iPPXQi]ed fRU EAE aQd Whe MOG35-55-VSecific 2D2-TCR WUaQVgeQic 

CD4+ T ceOOV (CD45.1+) aQd Whe SRO\cORQaO CD4+ T ceOOV (CD45.1+ [ CD45.2+)  ZeUe 

diVWiQgXiVhed b\ Whe VXUface e[SUeVViRQ Rf WheiU cRQgeQic PaUNeUV.  
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T-cell targeting treatments in mice 

F7<720 WUHDWPHQW. TR bORcN ePigUaWiRQ Rf T ceOOV fURP VecRQdaU\ O\PShRid RUgaQV, FTY720 

(ENZO Life ScieQce) VWRcN VROXWiRQ (10Pg/PO iQ DMSO) ZaV diOXWed WR 25Pg/PO iQ PBS jXVW 

befRUe adPiQiVWUaWiRQ aQd 5Pg Rf Whe dUXg ZeUe adPiQiVWeUed daiO\ b\ RUaO gaYage XQWiO 

eXWhaQaVia. PBS cRQWaiQiQg DMSO ZaV XVed aV a cRQWURO.  

AQWL-PRXVH CD4 PAE GHSOHWLQJ WUHDWPHQW. IQ YiYR deSOeWiRQ Rf CD4+ T ceOOV ZaV SeUfRUPed 

XViQg aQ aQWi-PRXVe CD4 PAb (cORQe GK1.5 BiRXceOO) iQjecWed i.S. Each PRXVe UeceiYed a 

fiUVW iQjecWiRQ Rf 200ȝg fROORZed 3 da\V afWeU b\ a VecRQd iQjecWiRQ Rf 100ȝg. The deSOeWiRQ 

ZaV PaiQWaiQed XQWiO eXWhaQaVia b\ ZeeNO\ iQjecWiRQV Rf aQWi-PRXVe CD4 PAb 

(100ȝg/iQjecWiRQ).  

NAD-GHSOHWLQJ WUHDWPHQWV. IQ YiYR deSOeWiRQ Rf TRM ceOOV ZaV SeUfRUPed ZiWh RQe i.Y. iQjecWiRQ 

Rf 200�O Rf a VROXWiRQ Rf NAD+ (ȕ-NicRWiQaPide adeQiQe diQXcOeRWide, SigPa-AOdUich) diOXWed 

iQ 0.9% NaCO (SH 6.0-7.0) Rf a fiQaO cRQceQWUaWiRQ Rf 300 Pg/PO (60Pg SeU Pice).  

 

Immunofluorescence assays, imaging and data analysis - mouse 

AfWeU PBS iQWUacaUdiac SeUfXViRQ Rf Whe Pice, bUaiQV aQd VSiQaO cRUdV ZeUe fi[ed iQ 4% PFA aW 

4�C fRU 48 hRXUV aQd WheQ iQcXbaWed ZiWh 70% eWhaQRO fRU 24 hRXUV. IPPXQRfOXRUeVceQce 

aVVa\V ZeUe SeUfRUPed RQ 25�P-WhicN VecWiRQV RbWaiQed XViQg a VOidiQg PicURWRPe ZiWh a 

100�P iQWeUYaO beWZeeQ each VecWiRQ. The VOiceV ZeUe fiUVW iQcXbaWed iQ a bORcNiQg VROXWiRQ Rf 

PBS-TUiWRQ 0.1% (X100 SigPa-AOdUich), 5% BSA (A3294 SigPa-AOdUich), 5% gRaW VeUXP (S-

1000-20 VecWRU LabRUaWRUieV), 3% PRXVe VeUXP. SOiceV ZeUe WheQ iQcXbaWed RYeUQighW aW 4�C 

XQdeU PiOd agiWaWiRQ ZiWh Whe fROORZiQg SUiPaU\ aQWibRdieV diOXWed iQ PBS-TUiWRQ 0.01%-gRaW 

VeUXP 0.5%-PRXVe VeUXP 0.3%-BSA 0.5%: aQWi-RFP (UabbiW, RRcNOaQd, 600-401-379) 1:500; 

aQWi-Iba1 (ChicNeQ, SYSY, 243009) 1:200; aQWi-CD4 (UaW, eBiRVcieQce) 1:100. AfWeU ZaVhiQg 

ZiWh PBS-TUiWRQ 0.1%, VOiceV ZeUe iQcXbaWed ZiWh Whe fROORZiQg VecRQdaU\ aQWibRdieV iQ PBS-
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TUiWRQ 0.01%: F(ab¶)-gRaW aQWi-UabbiW IgG (H+L) A488 (IQYiWURgeQ, A-11070) 1:1000; gRaW aQWi-

chicNeQ IgY (H+L) A594 (TheUPR ScieQWific A-11042) 1:500; gRaW aQWi-UaW IgG (H+L) A633 

(TheUPRfiVheU, A-21094) 1:500. IQ RUdeU WR aPSOif\ Whe WdTRPaWR VigQaO, Whe VOiceV ZeUe 

iQcXbaWed fRU 2 hRXUV aW URRP WePSeUaWXUe ZiWh a WeUWiaU\ aQWibRd\ iQ PBS-TUiWRQ 0.01%: AQWi-

AOe[a FOXRU 488 (RabbiW, TheUPRfiVheU IQYiWURgeQ, A-11094) 1:400 aQd fRU 1 hRXU aW URRP 

WePSeUaWXUe ZiWh Whe TXaWeUQaU\ aQWibRd\: F(ab)¶2-gRaW aQWi-UabbiW IgG (H+L) A488 

(IQYiWURgeQ, A-11070) 1:1000. AfWeU ZaVhiQg, VOiceV ZeUe iQcXbaWed ZiWh DAPI (MeUN, 287818-

90-3) 1:2000 iQ PBS 1X aQd PRXQWed iQ FOXRURPRXQW-G PediXP (TheUPR FiVheU ScieQWific, 

00-4958-02) RQ PicURVcRSe VOideV. FRU deWecWiRQ Rf P\eOiQ ORVV, VOiceV ZeUe iQcXbaWed fRU 20 

PiQ aW URRP WePSeUaWXUe XQdeU PiOd agiWaWiRQ ZiWh FOXRURP\eOiQ (IQYiWURgeQ, F34652) 1:2000 

iQ PBS. 

BUaiQ aQd VSiQaO cRUd VecWiRQV ZeUe acTXiUed XViQg a 3D HiVWech PaQRUaPic 250 VOide VcaQQeU 

(3D HiVWech LWd). IPage TXaQWificaWiRQ ZaV SeUfRUPed ZiWh Whe QXPaWh Y0.4.3 VRfWZaUe. 

IQfOaPed aUeaV Rf Whe CNS ZeUe deWecWed WhURXgh Whe Iba1 VWaiQiQg, aQd Whe Iba1high aQd 

VXUURXQdiQg Iba1ORZ UegiRQV ZeUe PaQXaOO\ defiQed. FRU Whe aQaO\ViV UeOaWed WR CD4+ WdTRPaWR+ 

TRM, ceOOV ZeUe deWecWed XViQg Whe DAPI chaQQeO aQd a chaQQeO ZaV cUeaWed fRU each PaUNeU. 

The aOgRUiWhP CeOO SRVe (60) ZaV XVed aV a PachiQe-OeaUQiQg WRRO WR cUeaWe a cOaVVifieU fRU each 

PaUNeU. The cOaVVifieU ZaV WUaiQed fRU each PaUNeU aQd Whe accXUac\ Rf ceOO deWecWiRQ ZaV 

iQVSecWed PaQXaOO\ befRUe UXQQiQg Whe aOgRUiWhP RQ aOO Whe VOiceV.  

FRU deQViW\ caOcXOaWiRQ, Whe QXPbeU Rf CD4+ WdTRPaWR+ TRM iQ Iba1high aQd Iba1ORZ aUeaV ZaV 

TXaQWified aQd diYided b\ Whe VXUface Rf WheVe UegiRQV. FRU Whe TXaQWificaWiRQ Rf CD4+ 

WdTRPaWR+ TRM diVWUibXWiRQ iQ UeOaWiRQ WR FOXRURP\eOiQ VWaiQiQg, Whe cOaVVifieU ZaV WUaiQed WR 

cRQVideU each CD4+ WdTRPaWR+ ceOO aV FOXRURP\eOiQ- RU FOXRURP\eOiQ+ deSeQdiQg RQ iWV 

cRORcaOi]aWiRQ ZiWh a UegiRQ deSUiYed RU QRW Rf FOXRURP\eOiQ VWaiQiQg. The SURSRUWiRQ Rf CD4+ 

WdTRPaWR+ iQ each UegiRQ ZaV WheQ caOcXOaWed. FRU Whe TXaQWificaWiRQ Rf diVWaQceV aQd cOXVWeUiQg 
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Rf CD4+ WdTRPaWR+ TRM, Whe QXSaWh¶V DeOaXQa\ cOXVWeUiQg WRRO ZaV XVed fi[iQg a diVWaQce 

WhUeVhROd beWZeeQ ceOOV Rf 300�P RU 7PP.  

 

Generation of CITE-seq libraries  

EAE ZaV iQdXced iQ FR[S3-CUe-YFP Pice aV deVcUibed eaUOieU, bUaiQ (fURP Zhich PeQiQgeV 

ZeUe UePRYed) aQd VSiQaO cRUd ZeUe cROOecWed 14 da\V aQd 50 da\V afWeU EAE iPPXQi]aWiRQ 

aQd eQ]\PaWicaOO\ digeVWed. CeOOV ZeUe WheQ iQcXbaWed ZiWh fOXRURchURPe-OabeOed aQWibRdieV 

aQd aQWibRdieV fRU CITE-VeT aQaO\ViV Rf CD69, P2RX7 aQd CXCR6 SURWeiQ e[SUeVViRQ 

(TRWaOSeT-A0197 aQWi-PRXVe CD69 (#104546), TRWaOSeT-A0824 aQWi-PRXVe P2RX7 

(#148711), TRWaOSeT-A0926 aQWi-PRXVe CD186 (CXCR6) (#151125) XVed aOO aW 1/100, aOO fURP 

BiRLegeQd. AcWiYaWed (CD44+, FR[S3-YFP-) TCRb+ CD11b- cRQYeQWiRQaO CD4+ T ceOOV ZeUe 

WheQ VRUWed b\ fORZ c\WRPeWU\ fURP bRWh VSiQaO cRUd aQd bUaiQ fURP da\ 14 aQd da\ 50 EAE 

Pice. 15,984 aQd 15,872 ceOOV fURP da\ 14 bUaiQ aQd VSiQaO cRUd, UeVSecWiYeO\, aQd 994 aQd 

4493 ceOOV fURP da\ 50 bUaiQ aQd VSiQaO cRUd, UeVSecWiYeO\, ZeUe WheQ VXbjecWed WR ChURPiXP 

CRQWUROOeU (10X GeQRPicV) fRU ViQgOe ceOO OibUaUieV geQeUaWiRQ XViQg ChURPiXP Ne[W GEM 

SiQgOe CeOO 3މ GEM, LibUaU\ aQd GeO Bead KiW Y3.1 (10X GeQRPicV) cRXSOed ZiWh Whe SURWRcRO 

TRWaOSeT�-A AQWibRdieV aQd CeOO HaVhiQg ZiWh 10[ SiQgOe CeOO 3' ReageQW KiW Y3 RU Y3.1 

(SiQgOe IQde[) fURP BiRLegeQd.  

 

Bioinformatical analysis of CITE-seq data 

RaZ ViQgOe-ceOO RNA-VeT daWa fiOeV ZeUe SURceVVed ZiWh CeOORaQgeU VRfWZaUe (YeUViRQ 6.1.1) 

(10X GeQRPicV)(61) Zhich SeUfRUPV aOigQPeQW agaiQVW a PRXVe UefeUeQce geQRPe (PP10-

2020-A), fiOWeUiQg, baUcRde aQd UMI cRXQWiQg geQeUaWiQg a geQe-baUcRde PaWUi[. The fiOWeUed 

baUcRde PaWUi[ ZaV WheQ iPSRUWed iQWR R (YeUViRQ 4.0.3) XViQg Whe SeXUaW SacNage (YeUViRQ 

4.2.1)(62). LRZ TXaOiW\, d\iQg ceOOV aQd dRXbOeWV ZeUe e[cOXded giYeQ VaPSOe-VSecific 
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WhUeVhROdV RQ e[SUeVVed geQeV, UMI cRXQW aQd PiWRchRQdUiaO WUaQVcUiSW cRQWeQW. AfWeU fiOWUaWiRQ 

WR UePRYe dead ceOOV aQd dRXbOeWV, Whe fROORZiQg QXPbeUV Rf cRQYeQWiRQaO CD4+ T ceOOV ZeUe 

XVed fRU fXUWheU aQaO\ViV: da\ 14: bUaiQ 9,933 ceOOV aQd VSiQaO cRUd 8,839 ceOOV; da\ 50: bUaiQ 

321 ceOOV aQd VSiQaO cRUd 1463 ceOOV. The SeXUaW RbjecW ZaV WheQ QRUPaOi]ed aQd VcaOed WhURXgh 

Whe NRUPaOi]eDaWa aQd ScaOeDaWa fXQcWiRQ iPSOePeQWed iQ SeXUaW, fROORZed b\ 

FiQdVaUiabOeFeaWXUeV WR caOcXOaWe highO\ YaUiabOe geQeV. We WheQ SeUfRUPed OiQeaU diPeQViRQaO 

UedXcWiRQ Rf RXU daWa ZiWh PCA, aQd ceOO cOXVWeUV ZeUe iQfeUUed ZiWh SeXUaW¶V FiQdNeighbRUV 

aQd FiQdCOXVWeUV fXQcWiRQ, aQd YiVXaOi]ed ZiWh RXQUPaS. The ideQWiW\ Rf SRViWiYe RU QegaWiYe 

aQWibRd\-deUiYed WagV (ADT) aVVigQed WR each ceOO ZaV aUbiWUaUiO\ deWeUPiQed accRUdiQg WR 

ADT e[SUeVViRQ iQ cOXVWeUV aQd RYeUaOO ceOOV. IdeQWificaWiRQ aQd aQaO\ViV Rf diffeUeQWiaOO\ 

e[SUeVVed geQeV ZeUe e[ecXWed ZiWh FiQdAOOMaUNeUV aQd FiQdMaUNeUV Rf SeXUaW. FRU 

fXQcWiRQaO eQUichPeQW aQaO\ViV, Ze chRRVe fgVea SacNage (Y1.24.0)(63) ZiWh VigQaWXUeV fURP 

SXbOiVhed daWaVeWV (18, 24, 27-29, 64, 65).  

 

Statistical analysis  

SWaWiVWicaO aQaO\VeV ZeUe SeUfRUPed XViQg GUaShPad PUiVP 9.0 VRfWZaUe. FRU QRUPaOO\ 

diVWUibXWed daWaVeW (ShaSiUR-WiON WeVW, P>0.05), XQSaiUed, WZR-WaiOed SWXdeQW W WeVW, RQe-Za\ RU 

WZR-Za\ aQaO\ViV Rf Whe YaUiaQce (ANOVA) ZeUe SeUfRUPed ZiWh SeUWiQeQW SRVW hRc 

cRUUecWiRQV. FRU QRQ-QRUPaOO\-diVWUibXWed daWaVeW (ShaSiUR-WiON WeVW, P<0.05), MaQQ-WhiWQe\ 

aQd KUXVNaO-WaOOiV WeVWV ZeUe XVed. EUURU baUV iQdicaWe PeaQ � SEM aQd VigQificaQce ZaV 

defiQed fRU S-YaOXeV aV * S< 0.05, ** S<0.01, *** S<0.001, **** S<0.0001. 
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Figure 1. CD4+ T cells infiltrating the CNS express TRM markers during the chronic phase 

of EAE. 

(A) E[SeUiPeQWaO SURcedXUe. C57BL/6 Pice ZeUe iPPXQi]ed ZiWh MOG35-55 SeSWide 

ePXOVified iQ CFA. The EAE cOiQicaO VcRUe ZaV PRQiWRUed daiO\. SSiQaO cRUd (SC), bUaiQ (BU) 

aQd ceUYicaO O\PSh QRdeV (CLNV) Rf iPPXQi]ed Pice ZeUe cROOecWed aW da\ 12 (diVeaVe SeaN) 

aQd da\ 50 (chURQic ShaVe) (OefW SaQeO). CXUYe Rf Whe cOiQicaO VcRUeV Rf EAE Pice (UighW SaQeO). 

(B) GUaShV VhRZiQg Whe abVROXWe QXPbeUV (PeaQ � SEM) Rf CD4+ TCRȕ+ T ceOOV iQ Whe bUaiQ, 

VSiQaO cRUd aQd ceUYicaO O\PSh QRdeV Rf QRQ-iPPXQi]ed aQd Rf EAE Pice aW da\V 12 aQd 50 

SRVW-iPPXQi]aWiRQ. DaWa aUe fURP 2 iQdeSeQdeQW e[SeUiPeQWV iQYROYiQg 8 WR 13 Pice SeU gURXS.  

(C) ReSUeVeQWaWiYe cRQWRXU SORWV Rf Whe SURSRUWiRQ Rf aQWigeQ-e[SeUieQced cRQYeQWiRQaO CD4+ 

T ceOOV (FR[S3-CD44+ T cRQY) cR-e[SUeVViQg Whe CD69, CXCR6 aQd P2RX7 PaUNeUV iQ Whe 

bUaiQ, VSiQaO cRUd aQd CLNV Rf aQ EAE PRXVe aW da\ 50 SRVW-iPPXQi]aWiRQ. (D) PURSRUWiRQ 

(PeaQ � SEM) Rf CD69+CXCR6+P2RX7+ ceOOV aPRQg cRQYeQWiRQaO CD4+ T ceOOV (FR[S3-

CD44+) aQd (E) abVROXWe QXPbeUV (PeaQ � SEM) Rf CD69+CXCR6+P2RX7+ cRQYeQWiRQaO 

CD4+ T ceOOV iQ Whe iQdicaWed WiVVXe Rf QRQ-iPPXQi]ed aQd EAE Pice aW da\V 12 aQd 50 SRVW-

iPPXQi]aWiRQ. DaWa iQ D aUe fURP 3 iQdeSeQdeQW e[SeUiPeQWV iQYROYiQg fURP 8 Pice WR 16 Pice 

SeU gURXS. DaWa iQ E aUe fURP 2 iQdeSeQdeQW e[SeUiPeQWV iQYROYiQg fURP 8 WR 13 Pice SeU 

gURXS. (F) EAE ZaV iQdXced iQ HRbiW-WdTRPaWR NQRcN-iQ UeSRUWeU Pice. (G) ReSUeVeQWaWiYe 

cRQWRXU SORWV Rf Whe SURSRUWiRQ Rf WdTRPaWR+ ceOOV aPRQg cRQYeQWiRQaO (GITR-CD44+) CD4+ T 

ceOOV iQ Whe VSiQaO cRUd Rf a cRQWURO C57BL/6 (da\ 12 SRVW-iPPXQi]aWiRQ) aQd Rf HRbiW-

WdTRPaWR Pice aW da\V 12 aQd 50 SRVW-iPPXQi]aWiRQ. (H) PURSRUWiRQ Rf WdTRPaWR+ ceOOV (PeaQ 

� SEM) aPRQg cRQYeQWiRQaO CD4+ T ceOOV ZiWhiQ Whe iQdicaWed RUgaQV aW da\V 12 aQd 50 SRVW-

iPPXQi]aWiRQ. (I) AbVROXWe QXPbeUV Rf CD44+WdTRPaWR+ cRQYeQWiRQaO CD4+ T ceOOV iQ Whe 

iQdicaWed WiVVXe aW da\V 12 aQd 50 SRVW-iPPXQi]aWiRQ. DaWa iQ H aQd I aUe fURP 3 iQdeSeQdeQW 

e[SeUiPeQWV iQYROYiQg fURP 12 WR 16 Pice SeU gURXS. (J) GeRPeWUic PeaQ fOXRUeVceQce 
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iQWeQViW\ (gMFI) Rf WdTRPaWR e[SUeVViRQ b\ aQWigeQ-e[SeUieQced (CD44+) cRQYeQWiRQaO CD4+ 

T ceOOV fURP a cRQWURO C57BL/6 PRXVe, aQd b\ CD69+CXCR6+P2RX7+ aQd CD69-CXCR6-

P2RX7- cRQYeQWiRQaO CD4+ T ceOOV fURP Whe VSiQaO cRUd Rf aQ HRbiW-WdTRPaWR PRXVe aW da\ 50 

Rf EAE. (J) NRUPaOi]ed gMFI (OefW SaQeO) aQd fUeTXeQc\ Rf WdTRPaWR e[SUeVViRQ iQ 

CD69+CXCR6+P2RX7+ aQd CD69-CXCR6-P2RX7- cRQYeQWiRQaO CD44+ CD4+ T ceOOV fURP 

Whe bUaiQ aQd VSiQaO cRUd Rf HRbiW-WdTRPaWR Pice aW da\ 50 Rf EAE. DaWa aUe fURP 3 

iQdeSeQdeQW e[SeUiPeQWV iQYROYiQg fURP 12 WR 16 Pice SeU gURXS. SWaWiVWicaO aQaO\VeV ZeUe 

SeUfRUPed XViQg RQe-Za\ ANOVA ZiWh TXNe\¶V SRVW-hRc WeVW (B, D, aQd E) aQd MaQQ-WhiWQe\ 

ZiWh BRQfeUURQi cRUUecWiRQ (H, I, K). *P < 0.05, **P < 0.01, ***P < 0.001, aQd ****P < 0.0001. 
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Figure 2. CNS-infiltrating Hobit+CD4+ TRM cells form clusters during chronic EAE and 

colocalize with areas of inflammation and demyelination. 

(A and D) ReSUeVeQWaWiYe iPPXQRfOXRUeVceQce VWaiQiQg VhRZiQg Whe cOXVWeUi]aWiRQ Rf 

CD4+WdTRPaWR+ ceOOV RYeU WiPe iQ Whe bUaiQ (A) aQd iQ Whe VSiQaO cRUd (D). (B and E) 

QXaQWificaWiRQ Rf Whe PiQiPaO diVWaQceV beWZeeQ WZR CD4+WdTRPaWR+ ceOOV. BaU SORWV 

UeSUeVeQWV Whe fUacWiRQ Rf CD4+WdTRPaWR+ ceOOV haYiQg PiQiPaO diVWaQceV VSaciQg WheP 

cRPSUiVed beWZeeQ 0 WR 100 ȝP, beWZeeQ 100 WR 300 ȝP RU higheU WhaQ 300 ȝP, iQ Whe bUaiQ 

(B) aQd iQ Whe VSiQaO cRUd (E) aW Whe iQdicaWed WiPe SRiQWV. (C and F) QXaQWificaWiRQ Rf Whe Vi]e 

Rf CD4+WdTRPaWR+ cOXVWeUV. ReVXOWV aUe e[SUeVVed aV Whe fUacWiRQ Rf CD4+WdTRPaWR+ ceOOV 

haYiQg, iQ a UadiXV Rf 100 ȝP, 0 WR 1 (iVROaWed ceOOV), 2 WR 3 (VPaOO cOXVWeU), 4 WR 5 (PediXP 

cOXVWeU) RU PRUe WhaQ 5 (OaUge cOXVWeU) QeighbRUiQg CD4+WdTRPaWR+ ceOOV, iQ Whe bUaiQ (C) aQd 

iQ Whe VSiQaO cRUd (F) aW da\ 12 aQd da\ 50 SRVW-iPPXQi]aWiRQ. DaWa aUe fURP 2 iQdeSeQdeQW 

e[SeUiPeQWV iQYROYiQg fURP 3 WR 5 Pice SeU WiPe SRiQWV. 4 WR 11 VOiceV ZeUe aQaO\]ed SeU PRXVe. 

(G and J) ReSUeVeQWaWiYe iPPXQRfOXRUeVceQce VWaiQiQg Rf bUaiQ (G) aQd VSiQaO cRUd (J) cURVV 

VecWiRQV Rf aQ EAE PRXVe aW da\ 50 SRVW-iPPXQi]aWiRQ VhRZiQg CD4+WdTRPaWR+ ceOOV iQ 

Iba1ORZ aQd Iba1high UegiRQV. Iba1ORZ UegiRQV aUe SeUiOeViRQaO aUeaV (aURXQd Iba1high) aQd haYe 

Whe VaPe VXUface Rf Iba1high UegiRQV. (H and K) QXaQWificaWiRQ Rf CD4+WdTRPaWR+ ceOO deQViWieV 

iQ Iba1ORZ aQd Iba1high UegiRQV fURP Whe bUaiQ (H) aQd VSiQaO cRUd (K), aW Whe iQdicaWed WiPe 

SRiQWV. (I and L) QXaQWificaWiRQ Rf Whe SURSRUWiRQ Rf CD4+WdTRPaWR+ ceOOV aPRQg WRWaO CD4+ 

ceOOV iQ Iba1ORZ aQd Iba1high UegiRQV fURP Whe bUaiQ (I) aQd Whe VSiQaO cRUd (L), aW Whe iQdicaWed 

WiPe SRiQWV. Each dRW UeSUeVeQWV a bUaiQ RU VSiQaO cRUd OeViRQ. DaWa aUe fURP 2 iQdeSeQdeQW 

e[SeUiPeQWV. Da\ 12: 4 Pice; da\ 50: 7 Pice. 5 WR 10 OeViRQV ZeUe aQaO\]ed SeU PRXVe. (M) 

ReSUeVeQWaWiYe iPPXQRfOXRUeVceQce VWaiQiQg Rf P\eOiQ XViQg FOXRUR-P\eOiQ aQd ideQWificaWiRQ 

Rf deP\eOiQaWed (FOXR.ORZ) aUeaV ZiWhiQ Whe VSiQaO cRUd ZhiWe PaWWeU, aW da\ 50 SRVW-

iPPXQi]aWiRQ. (N) ReSUeVeQWaWiYe PicUR-ShRWRgUaShV VhRZiQg Whe diVWUibXWiRQ Rf 
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CD4+WdTRPaWR+ ceOOV iQ aUeaV ZiWh deP\eOiQaWiRQ (FOXR.ORZ daUN UegiRQV) RU ZiWhRXW 

deP\eOiQaWiRQ (FOXR.high bUighW UegiRQV) iQ Whe YeQWUaO hRUQ Rf Whe VSiQaO cRUd aW da\ 50 SRVW-

iPPXQi]aWiRQ. (O) QXaQWificaWiRQ Rf Whe deQViWieV Rf CD4+WdTRPaWR+ ceOOV iQ deP\eOiQaWed 

(FOXR. ORZ) RU QRW deP\eOiQaWed (FOXR.high) UegiRQV Rf Whe YeQWUaO hRUQ Rf Whe VSiQaO cRUd aW Whe 

iQdicaWed WiPe-SRiQWV. Each dRW UeSUeVeQWV a VSiQaO cRUd VecWiRQ; 3 WR 6 VecWiRQV ZeUe aQaO\]ed 

SeU PRXVe iQ WZR Pice SeU WiPeSRiQW. ScaOe baUV iQ A aQd D: 50ȝP. ScaOe baUV iQ G OefW SaQeOV: 

500ȝP. ScaOe baUV iQ J OefW SaQeO: 200ȝP. ScaOe baUV iQ G aQd J UighW SaQeOV: 50ȝP. ScaOe baUV 

iQ M: 200ȝP. ScaOe baUV iQ N: 10ȝP. SWaWiVWicaO aQaO\VeV ZeUe SeUfRUPed XViQg chi-VTXaUe WeVW 

(B, C, E aQd F) aQd WZR-Za\ ANOVA ZiWh âidiN¶V SRVW-hRc WeVW (H, J, K, L, aQd O). *P < 0.05, 

**P < 0.01, ***P < 0.001, aQd ****P < 0.0001.  
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Figure 3. CD4+ TRM cells within the CNS display functional heterogeneity during chronic 

EAE. 

(A) UMAP UeSUeVeQWaWiRQ Rf SEURAT-geQeUaWed cOXVWeUV baVed RQ Whe VcRNA-VeT Rf 

cRQYeQWiRQaO CD4+ T ceOOV Rf Whe CNS (bUaiQ aQd VSiQaO cRUd) aW da\ 50 SRVW-iPPXQi]aWiRQ 

(OefW SaQeO). QXaQWificaWiRQ Rf cOXVWeU fUeTXeQcieV (UighW SaQeO). (B) ReSUeVeQWaWiRQ Rf WUiSOe 

SRViWiYe (CD69+CXCR6+P2RX7+) aQd WUiSOe QegaWiYe (CD69-CXCR6-P2RX7-) cRQYeQWiRQaO 

CD4+ T ceOOV (OefW SaQeO) aQd WheiU UeOaWiYe diVWUibXWiRQ aPRQg Whe 8 cOXVWeUV (UighW SaQeO). (C) 

GeQe-VeW eQUichPeQW aQaO\ViV (GSEA) dRW SORWV UeSUeVeQWiQg Whe QRUPaOi]ed eQUichPeQW VcRUe 

(NES) aQd Whe adjXVWed P YaOXe fRU Whe iQdicaWed SXbOiVhed geQe VigQaWXUeV iQ Whe WUaQVcUiSWRPe 

Rf each Rf Whe 8 cOXVWeUV. (D) DRW SORWV VhRZiQg Whe e[SUeVViRQ Rf Whe iQdicaWed geQeV, aVVRciaWed 

eiWheU ZiWh WiVVXe UeVideQc\ RU UeciUcXOaWiRQ SURgUaPV. (E) DRW SORWV UeSUeVeQWiQg Whe e[SUeVViRQ 

Rf WUaQVcUiSWiRQ facWRUV aVVRciaWed WR VSecific cRQYeQWiRQaO CD4+ T ceOO faWeV. (F) DRW SORWV 

VhRZiQg Whe e[SUeVViRQ Rf SUR-iQfOaPPaWRU\ RU aQWi-iQfOaPPaWRU\ c\WRNiQeV. (G) Mice ZeUe 

iPPXQi]ed ZiWh MOG35-55 ePXOVified iQ CFA. AW da\ 50 SRVW-iPPXQi]aWiRQ, CNS-iQfiOWUaWiQg 

ceOOV ZeUe UeVWiPXOaWed RU QRW fRU 4h ZiWh PMA/iRQRP\ciQ iQ SUeVeQce Rf PRQeQViQ. CRQWRXU 

SORWV UeSUeVeQW Whe e[SUeVViRQ Rf TNF aQd IFNȖ (XSSeU SaQeOV) RU IFNȖ aQd IL-17A (bRWWRP 

SaQeOV) iQ CNS-iQfiOWUaWiQg cRQYeQWiRQaO CD4+ T ceOOV (FR[S3-CD44+) e[SUeVViQg RU QRW 

CXCR6 aQd P2RX7. (H-I) GUaShV VhRZiQg, afWeU PMA/iRQRP\ciQ VWiPXOaWiRQ, Whe SURSRUWiRQ 

(PeaQ � SEM) Rf TNF+ IFNȖ+ (F) aQd IL-17A+ ceOOV (G) aPRQg CNS-iQfiOWUaWiQg CD4+ T cRQY 

(FR[S3-CD44+) ceOOV VWUaWified accRUdiQg WR WheiU e[SUeVViRQ Rf bRWh CXCR6 aQd P2RX7. DaWa 

aUe fURP 2 iQdeSeQdeQW e[SeUiPeQWV aQd each daWa SRiQW UeSUeVeQWV Whe SRRO Rf 3 Pice. 

SWaWiVWicaO aQaO\VeV ZeUe SeUfRUPed XViQg MaQQ-WhiWQe\ WeVW (G-H). *P < 0.05, aQd **P < 

0.01. (J) GSEA dRW SORWV UeSUeVeQWiQg Whe QRUPaOi]ed eQUichPeQW VcRUe (NES) aQd Whe adjXVWed 

S YaOXe fRU Whe iQdicaWed SXbOiVhed VigQaWXUeV.  
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Figure 4. CD4+ T cells express Trm-associated markers within MS lesions 

(A) ReSUeVeQWaWiYe cRQWRXU SORWV Rf CD69+CD49a+CD4+ cRQYeQWiRQaO T ceOOV iVROaWed fURP Whe 

bORRd Rf QRQ-QeXURORgicaO cRQWURO dRQRU, fURP VXbcRUWicaO ZhiWe PaWWeU (WM) Rf QRQ-

QeXURORgicaO cRQWURO dRQRU aQd fURP QRUPaO aSSeaUiQg ZhiWe PaWWeU (NAWM) aQd OeViRQaO 

WM Rf a SeUVRQ ZiWh SURgUeVViYe MS. (B) QXaQWificaWiRQ Rf Whe SURSRUWiRQ Rf CD69+CD49a+ 

CD4+ T ceOOV aPRQg WRWaO OiYe ceOOV (OefW SaQeO). QXaQWificaWiRQ Rf Whe SURSRUWiRQ Rf 

CD69+CD49a+ ceOOV aPRQg cRQYeQWiRQaO CD4+ T ceOOV (PiddOe SaQeO). QXaQWificaWiRQ Rf Whe 

abVROXWe QXPbeUV Rf CD69+CD49a+CD4+ cRQYeQWiRQaO T ceOOV. (C-D) ReSUeVeQWaWiYe cRQWRXU 

SORWV (C) aQd TXaQWificaWiRQ (D) Rf Whe fUacWiRQ Rf CD49a+CD69+P2RX7+ ceOOV aPRQg 

cRQYeQWiRQaO T ceOOV (D) iQ Whe iQdicaWed gURXSV. (E-F) ReSUeVeQWaWiYe cRQWRXU SORWV (E) aQd 

TXaQWificaWiRQ (F) Rf Whe fUacWiRQ Rf CD49a+CD69+CXCR6+ ceOOV aPRQg cRQYeQWiRQaO T ceOOV. 

Each dRW UeSUeVeQWV a bUaiQ VSeciPeQ iVROaWed fURP diffeUeQW MS RU cRQWURO dRQRUV aQd daWa aUe 

SUeVeQWed aV PeaQ +/- SEM. DaWa iQ B aUe fURP 5 iQdeSeQdeQW e[SeUiPeQWV iQYROYiQg 5 WR 10 

dRQRUV SeU gURXS. DaWa iQ D aUe fURP 3 iQdeSeQdeQW e[SeUiPeQWV iQYROYiQg 5 WR 6 dRQRUV SeU 

gURXS. DaWa iQ F aUe fURP 2 iQdeSeQdeQW e[SeUiPeQWV iQYROYiQg 4 WR 5 dRQRUV SeU gURXS. 

SWaWiVWicaO aQaO\VeV ZeUe SeUfRUPed XViQg RQe-Za\ ANOVA ZiWh TXNe\¶V SRVW-hRc WeVW (B, D, 

F). *P < 0.05, **P < 0.01, ***P < 0.001, aQd ****P < 0.0001. 
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Figure 5. Circulating CD4+ T cells are dispensable for maintaining the severity of EAE at 

the chronic stage. 

(A) E[SeUiPeQWaO SURcedXUe. C57BL/6 Pice ZeUe iPPXQi]ed ZiWh MOG35-55 ePXOVified iQ 

CFA. The cOiQicaO VcRUe ZaV PRQiWRUed daiO\. FTY720 ZaV adPiQiVWUaWed fRU 17-18 da\V 

VWaUWiQg eiWheU aW Whe RQVeW Rf EAE VigQV (fURP da\ 8 SRVW-iPPXQi]aWiRQ) RU dXUiQg Whe chURQic 

ShaVe Rf EAE (fURP da\ 40 SRVW-iPPXQi]aWiRQ). (B) ReSUeVeQWaWiYe fORZ c\WRPeWU\ cRQWRXU 

SORWV VhRZiQg Whe SURSRUWiRQ Rf CD4+ aQd CD8+ T ceOOV aPRQg YiabOe bORRd PRQRQXcOeaU ceOOV 

Rf EAE Pice WUeaWed ZiWh PBS RU FTY720 befRUe Whe eQd Rf Whe e[SeUiPeQW. (C-F) COiQicaO 

VcRUe (PeaQ � SEM) Rf Pice WUeaWed ZiWh FTY720 RU PBS aW Whe RQVeW (fURP da\ 8 SRVW-

iPPXQi]aWiRQ) (C) RU dXUiQg Whe chURQic ShaVe (fURP da\ 40 SRVW-iPPXQi]aWiRQ) (E) Rf EAE. 

AbVROXWe QXPbeUV (PeaQ � SEM) Rf CD4+ TCRȕ+ T ceOOV (OefW SaQeO) aQd 

CD69+CXCR6+P2RX7+CD44+CD4+ T cRQYeQWiRQaO ceOOV (UighW SaQeO) iQfiOWUaWiQg Whe bUaiQ 

aQd Whe VSiQaO cRUd afWeU WUeaWPeQW ZiWh FTY720 RU PBS iQiWiaWed aW Whe RQVeW Rf EAE VigQV (D) 

RU dXUiQg Whe chURQic ShaVe (F). DaWa aUe fURP 4 iQdeSeQdeQW e[SeUiPeQWV iQYROYiQg 8 WR 9 Pice 

SeU gURXS. (G) E[SeUiPeQWaO SURcedXUe. C57BL/6 Pice ZeUe iPPXQi]ed ZiWh MOG35-55 

ePXOVified iQ CFA. DeSOeWiQg aQWi-CD4 PAb RU iVRW\Se cRQWURO (cRQWURO IgG2b) ZeUe 

adPiQiVWeUed eiWheU aW Whe RQVeW Rf EAE VigQV (fURP da\ 8 SRVW-iPPXQi]aWiRQ) RU dXUiQg Whe 

chURQic ShaVe Rf EAE (fURP da\ 40 SRVW-iPPXQi]aWiRQ) fRU 20-26 da\V. (H) ReSUeVeQWaWiYe 

fORZ c\WRPeWU\ cRQWRXU SORWV VhRZiQg Whe SURSRUWiRQ Rf CD4+ aQd CD8+ T ceOOV aPRQg YiabOe 

QXcOeaWed ceOOV iQ Whe bORRd Rf EAE Pice WUeaWed ZiWh deSOeWiQg aQWi-CD4 PAb RU iVRW\Se 

cRQWURO befRUe Whe eQd Rf Whe e[SeUiPeQW. TZR iQdeSeQdeQW e[SeUiPeQWV ZeUe SeUfRUPed. (I-L) 

COiQicaO VcRUe (PeaQ � SEM) Rf Pice WUeaWed ZiWh deSOeWiQg aQWi-CD4 PAb RU iVRW\Se cRQWURO 

aW Whe diVeaVe RQVeW (I) RU dXUiQg Whe chURQic ShaVe (K) Rf EAE. AbVROXWe QXPbeUV (PeaQ � 

SEM) Rf CD4+ TCRȕ+ T ceOOV aQd CD69+CXCR6+P2RX7+CD44+CD4+ T cRQYeQWiRQaO ceOOV 

iQfiOWUaWiQg Whe CNS XSRQ Whe adPiQiVWUaWiRQ Rf deSOeWiQg aQWi-CD4 PAb RU iVRW\Se cRQWURO aW 
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Whe RQVeW Rf EAE VigQV (J) RU dXUiQg Whe chURQic ShaVe (L). DaWa aUe fURP 4 iQdeSeQdeQW 

e[SeUiPeQWV ZiWh 10 WR 11 Pice SeU gURXS. SWaWiVWicaO aQaO\VeV ZeUe SeUfRUPed XViQg WZR-Za\ 

ANOVA ZiWh âidiN SRVW-hRc WeVW (C, E, I, K) aQd MaQQ-WhiWQe\ WeVW (D, F, J, L). *P < 0.05, 

**P < 0.01, ***P < 0.001, aQd ****P < 0.0001. 
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Figure 6. Combined depletion of circulating CD4+ T cells and CD4+ TRM in the CNS 

reduces disease severity during the chronic phase of EAE. 

(A) E[SeUiPeQWaO deVigQ. Mice ZeUe iPPXQi]ed ZiWh MOG35-55 ePXOVified iQ CFA aQd ZeUe 

iQjecWed i.S. ZiWh deSOeWiQg aQWi-CD4 PAbV RU iVRW\Se cRQWURO (IgG2b) VWaUWiQg eiWheU fURP da\ 

12 fRU Whe e[SeUiPeQWV WeVWiQg eaUO\-chURQic NAD-WUeaWPeQW (XSSeU SaQeO) RU fURP da\ 35 SRVW-

iPPXQi]aWiRQ fRU Whe e[SeUiPeQWV WeVWiQg OaWe-chURQic NAD-WUeaWPeQW (ORZeU SaQeO), XQWiO Whe 

eQd Rf Whe e[SeUiPeQWV. 14 da\V afWeU iQiWiaWiRQ Rf CD4 T ceOO deSOeWiRQ, Pice ZeUe iQjecWed 

RQce i.Y. ZiWh NAD RU PBS aQd Whe RXWcRPe ZaV aVVeVVed 3 da\V RU 14 da\V afWeU Whe WUeaWPeQW. 

(B) BaU SORWV UeSUeVeQW Whe abVROXWe QXPbeUV (PeaQ � SEM) Rf CD4+CD44+ cRQYeQWiRQaO T 

ceOOV e[SUeVViQg CD69, CXCR6 aQd P2RX7 iQ Whe bUaiQ (OefW SaQeO) aQd VSiQaO cRUd (UighW 

SaQeO) 3 da\V SRVW-NAD iQjecWiRQ iQ Whe iQdicaWed gURXSV. DaWa aUe fURP 2 iQdeSeQdeQW 

e[SeUiPeQWV iQYROYiQg 7 WR 8 Pice SeU gURXS. (C) COiQicaO VcRUe (OefW SaQeO) aQd cOiQicaO VcRUe 

QRUPaOi]ed WR da\ 26 SRVW-iPPXQi]aWiRQ YaOXeV (UighW SaQeO) Rf Pice iQjecWed RU QRW ZiWh aQWi-

CD4 PAb aQd WUeaWed RU QRW ZiWh NAD aW Whe eaUO\-chURQic ShaVe. (D) CRUUeOaWiRQ, RQ da\ 40, 

beWZeeQ Whe abVROXWe QXPbeUV Rf cRQYeQWiRQaO CD4+ TRM ceOOV 

(CD69+CXCR6+P2RX7+CD44+) iQfiOWUaWiQg Whe bUaiQ (OefW SaQeO) RU Whe VSiQaO cRUd (UighW 

SaQeO) aQd Whe cOiQicaO VcRUe UedXcWiRQ fROORZiQg NAD RU PBS WUeaWPeQW. DaWa aUe fURP 2 

iQdeSeQdeQW e[SeUiPeQWV iQYROYiQg 7 WR 10 aQiPaOV SeU WUeaWPeQW gURXS. (E) COiQicaO VcRUe (OefW 

SaQeO) aQd cOiQicaO VcRUe QRUPaOi]ed WR da\ 49 SRVW-iPPXQi]aWiRQ YaOXeV (UighW SaQeO) Rf Pice 

iQjecWed RU QRW ZiWh aQWi-CD4 PAb aQd WUeaWed RU QRW ZiWh NAD aW Whe OaWe-chURQic ShaVe. (F) 

CRUUeOaWiRQ, RQ da\ 62, beWZeeQ Whe abVROXWe QXPbeUV Rf cRQYeQWiRQaO CD4 TRM ceOOV 

(CD69+CXCR6+P2RX7+CD44+) iQfiOWUaWiQg Whe bUaiQ (OefW SaQeO) RU Whe VSiQaO cRUd (UighW 

SaQeO) aQd Whe cOiQicaO VcRUe UedXcWiRQ fROORZiQg NAD RU PBS WUeaWPeQW. DaWa aUe fURP 3 

iQdeSeQdeQW e[SeUiPeQWV iQYROYiQg 10 WR 14 Pice SeU gURXS. (G) E[SeUiPeQWaO SURcedXUe. 

HRbiW-CUe+DTA+ aQd HRbiW-CUe-DTA+ Pice ZeUe iPPXQi]ed ZiWh MOG35-55 ePXOVified iQ CFA 
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aQd ZeUe iQjecWed i.S. ZiWh deSOeWiQg aQWi-CD4 PAb dXUiQg Whe chURQic ShaVe Rf EAE (fURP 

da\ 35 SRVW-iPPXQi]aWiRQ) XQWiO Whe eQd Rf Whe e[SeUiPeQW (da\ 60). (H) COiQicaO VcRUe (OefW 

SaQeO) aQd cOiQicaO VcRUe QRUPaOi]ed WR da\ 35 SRVW-iPPXQi]aWiRQ YaOXeV (UighW SaQeO) Rf HRbiW-

CUe+DTA+ aQd HRbiW-CUe-DTA+ Pice WUeaWed ZiWh aQWi-CD4 PAb. (I) AbVROXWe QXPbeUV (PeaQ 

� SEM) Rf cRQYeQWiRQaO CD4+CD44+ T ceOOV e[SUeVViQg CD69, CXCR6 aQd P2RX7 iQ Whe 

bUaiQ aQd iQ Whe VSiQaO cRUd Rf HRbiW-CUe+DTA+ aQd HRbiW-CUe-DTA+ Pice aW da\ 60 SRVW-

iPPXQi]aWiRQ. (J) CRUUeOaWiRQ, RQ da\ 60, beWZeeQ Whe abVROXWe QXPbeUV Rf cRQYeQWiRQaO CD4 

TRM ceOOV (CD69+CXCR6+P2RX7+CD44+) iQfiOWUaWiQg Whe bUaiQ (OefW SaQeO) RU Whe VSiQaO cRUd 

(UighW SaQeO) aQd Whe cOiQicaO VcRUe iPSURYePeQW. DaWa aUe fURP 3 iQdeSeQdeQW e[SeUiPeQWV 

iQYROYiQg 12 WR 20 Pice SeU gURXS. SWaWiVWicaO aQaO\VeV ZeUe SeUfRUPed XViQg KUXVNaO-WaOOiV 

ZiWh DXQQ¶V SRVW-hRc WeVW (B), PeaUVRQ cRUUeOaWiRQ WeVW (D, F aQd J), WZR-Za\ ANOVA ZiWh 

âidiN SRVW-hRc WeVW (C, E, H) aQd MaQQ-WhiWQe\ WeVW (I). *P < 0.05, **P < 0.01, ***P < 0.001, 

aQd ****P < 0.0001. 
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Suppl. Figure 1. Autoreactive MOG-specific CD4+ T cells express TRM markers during 

the chronic phase of EAE. 

(A) GUaShV VhRZiQg fUeTXeQc\ (PeaQ � SEM) Rf FR[S3+ UegXOaWRU\ T ceOOV (TUeg) (OefW SaQeO) 

RU FR[S3- T cRQYeQWiRQaO CD4+ T ceOOV (UighW SaQeO). (B) GUaShV VhRZiQg Whe abVROXWe QXPbeUV 

Rf TUeg aQd cRQYeQWiRQaO CD4+ T ceOOV iQ Whe iQdicaWed WiVVXe iQ QRQ-iPPXQi]ed Pice aQd aW 

da\V 12 aQd 50 SRVW-EAE iQdXcWiRQ. DaWa aUe fURP 2 iQdeSeQdeQW e[SeUiPeQWV iQcOXdiQg 8 WR 

13 Pice SeU gURXS.  (C) ReSUeVeQWaWiYe cRQWRXU SORWV Rf Whe SURSRUWiRQ Rf FR[S3+ ceOOV aPRQg 

GITR+ aQd GITR- CD4+ T ceOOV. (D) ReSUeVeQWaWiYe cRQWRXU SORWV VhRZiQg Whe SURSRUWiRQ Rf 

WdTRPaWR+ ceOOV aPRQg GITR+CD4+ (eQUiched iQ TUeg) ceOOV iQ Whe bUaiQ (BU) aQd VSiQaO cRUd 

(SC) aW da\ 50 SRVW-iPPXQi]aWiRQ. (E) E[SeUiPeQWaO SURcedXUe. Mi[ed bRQe PaUURZ (BM) 

chiPeUaV ZeUe UecRQVWiWXWed ZiWh a Pi[ Rf BM fURP 2D2 TCR WUaQVgeQic Pice 

(CD45.1+CD45.2-) aQd fURP WT Pice (CD45.1+CD45.2+) aW a 1 WR 9 UaWiR. AfWeU Whe 

UecRQVWiWXWiRQ, chiPeUic Pice ZeUe iPPXQi]ed ZiWh MOG35-55 ePXOVified iQ CFA. (F) 

ReSUeVeQWaWiYe dRW SORWV VhRZiQg Whe UecRQVWiWXWiRQ Rf Whe bORRd QXcOeaWed ceOO (OefW) aQd 

CD4+TCRȕ+ T ceOO (UighW) cRPSaUWPeQWV Rf chiPeUic Pice b\ CD45.1+CD45.2+ ceOOV aQd 

CD45.1+CD45.2- ceOOV befRUe Whe iQdXcWiRQ Rf EAE. (G) ReSUeVeQWaWiYe dRW SORWV Rf Whe 

SURSRUWiRQ Rf CD45.1+CD45.2+ (SRO\cORQaO) aQd CD45.1+CD45.2- (2D2) ceOOV aPRQg CD4+ T 

cRQYeQWiRQaO ceOOV (FR[S3-CD44+) iQ Whe VSiQaO cRUd aW da\V 12 aQd 50 SRVW-iPPXQi]aWiRQ. (H) 

PURSRUWiRQ Rf CD45.1+CD45.2- (2D2) ceOOV aPRQg cRQYeQWiRQaO CD4+ T ceOOV aW da\V 12 aQd 

50 SRVW-iPPXQi]aWiRQ iQ Whe iQdicaWed WiVVXeV. (I) PURSRUWiRQ Rf CD69+CXCR6+P2RX7+ ceOOV 

aPRQg CD45.1+CD45.2+ (SRO\cORQaO) aQd CD45.1+CD45.2- (2D2) cRQYeQWiRQaO CD4+ T ceOOV 

iQ bUaiQ (OefW) aQd VSiQaO cRUd (UighW) aW da\V 12 aQd 50 SRVW-iPPXQi]aWiRQ. DaWa aUe fURP 2 

iQdeSeQdeQW e[SeUiPeQWV iQYROYiQg a WRWaO Rf 6 Pice SeU WiPe-SRiQW. SWaWiVWicaO aQaO\VeV ZeUe 

SeUfRUPed XViQg RQe-Za\ ANOVA ZiWh TXNe\¶V SRVW-hRc WeVW (A aQd B), MaQQ-WhiWQe\ WeVW 
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(H) aQd WZR-Za\ ANOVA ZiWh âidiN¶V SRVW-hRc WeVW (I). *P < 0.05, **P < 0.01, ***P < 0.001, 

aQd ****P < 0.0001. 
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Suppl. Figure 2. CITE-seq analysis and heterogeneity of CNS-infiltrating CD4+ cells 

during chronic EAE. 

(A) E[SeUiPeQWaO SURcedXUe. TZR gURXSV Rf FR[S3-YFP UeSRUWeU Pice ZeUe iPPXQi]ed ZiWh 

MOG35-55 SeSWide ePXOVified iQ CFA. SSiQaO cRUdV (SC) aQd bUaiQV (BU) Rf iPPXQi]ed Pice aW 

da\ 14 (diVeaVe SeaN) aQd da\ 50 (chURQic ShaVe) ZeUe cROOecWed Whe VaPe da\ aQd 

CD4+TCRȕ+CD45.2+CD11b-CD44+FR[S3- ceOOV ZeUe FACS-VRUWed fRU CITE-VeT. (B) GaWiQg 

VWUaWeg\ fRU CD4+TCRȕ+CD45.2+CD11b-CD44+FR[S3- ceOOV FACS-VRUWiQg. (C) UMAP 

UeSUeVeQWaWiRQ Rf SEURAT-geQeUaWed cOXVWeUV baVed RQ Whe VcRNA-VeT Rf cRQYeQWiRQaO CD4 T 

ceOOV Rf Whe bUaiQ (XSSeU SaQeO) aQd VSiQaO cRUd (PiddOe SaQeO) VeSaUaWeO\, aW da\ 50 SRVW-

iPPXQi]aWiRQ. QXaQWificaWiRQ Rf cOXVWeU fUeTXeQcieV iQ Whe bUaiQ aQd iQ Whe VSiQaO cRUd (bRWWRP 

SaQeO). (D) ReSUeVeQWaWiYe cRQWRXU SORWV Rf Whe SURSRUWiRQ Rf CD49a+P2RX7+CD4+ TRM ceOOV 

(XSSeU SaQeO), CD49a-SOaPf6+CD4+ ciUcXOaWiQg ceOOV (bRWWRP) aQd cRUUeVSRQdiQg SURSRUWiRQ Rf 

WheVe SRSXOaWiRQV aPRQg cRQYeQWiRQaO CD4+ T ceOOV (UighW SaQeOV) iQ Whe VSiQaO cRUd aW da\ 66 

SRVW-iPPXQi]aWiRQ, iQ Pice WUeaWed ZiWh aQWi-CD4 PAb RU ZiWh iVRW\Se cRQWURO (IgG2b) VWaUWiQg 

fURP da\ 35 SRVW-iPPXQi]aWiRQ (UighW SaQeOV). SWaWiVWicaO aQaO\VeV ZeUe SeUfRUPed XViQg 

MaQQ-WhiWQe\ WeVW (D). *P < 0.05, **P < 0.01, ***P < 0.001, aQd ****P < 0.0001. 
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Suppl. Figure 3. Some CNS-infiltrating CD4+ T cells already exhibit a TRM signature at 

the peak of EAE. 

(A) UMAP UeSUeVeQWaWiRQ Rf SEURAT-geQeUaWed cOXVWeUV baVed RQ Whe VcRNA-VeT Rf 

cRQYeQWiRQaO CD4+ T ceOOV Rf Whe CNS (bUaiQ aQd VSiQaO cRUd) aW da\ 14 SRVW-iPPXQi]aWiRQ. 

(B) ReSUeVeQWaWiRQ Rf WUiSOe SRViWiYe (CD69+CXCR6+P2RX7+) aQd WUiSOe QegaWiYe (CD69-

CXCR6-P2RX7-) cRQYeQWiRQaO CD4+ T ceOOV (OefW SaQeO) aQd TXaQWificaWiRQ Rf WheiU diVWUibXWiRQ 

aPRQg Whe 10 cOXVWeUV (UighW SaQeO). (C) DRW SORWV UeSUeVeQWiQg Whe QRUPaOi]ed adjXVWed P YaOXe 

aQd eQUichPeQW VcRUe (NES) fRU Whe iQdicaWed SXbOiVhed geQe VigQaWXUeV iQ Whe WUaQVcUiSWRPe 

Rf Whe 10 cOXVWeUV Rf CNS-iQfiOWUaWiQg cRQYeQWiRQaO CD4+ T ceOOV ideQWified aW da\ 14 Rf EAE.  
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Suppl. Figure 4. Numbers of CNS-infiltrating CD4+ TRM correlate with the frequency of 

MHC-II+ microglia. 

 (A and B) CRUUeOaWiRQ, RQ da\ 40 (XSSeU SaQeOV) aQd da\ 62 (bRWWRP SaQeOV) beWZeeQ MHC-

II e[SUeVViRQ RQ PicURgOia aQd Whe QXPbeU Rf CD69+CXCR6+P2RX7+ CD4+ T cRQYeQWiRQaO 

ceOOV iQfiOWUaWiQg Whe bUaiQ (OefW SaQeOV) aQd Whe VSiQaO cRUd (UighW SaQeOV) iQ Whe diffeUeQW 

WUeaWPeQW gURXSV. DaWa aUe fURP 2 iQdeSeQdeQW e[SeUiPeQWV iQYROYiQg 7 WR 8 Pice SeU gURXS 

(A). DaWa aUe fURP 3 iQdeSeQdeQW e[SeUiPeQWV iQYROYiQg 10 WR 14 Pice SeU gURXS (B). (C) 

ReSUeVeQWaWiYe cRQWRXU SORWV Rf CD69 aQd CXCR6 e[SUeVViRQ RQ gaWed CD44+FR[S3- CD4+ 

ceOOV iVROaWed fURP Whe OiYeU (OefW SaQeOV), VSOeeQ (PiddOe SaQeOV) aQd OaPiQa SURSUia (UighW 

SaQeOV) Rf HRbiW-CUe-DTA+ aQd HRbiW-CUe+DTA+ Pice. (D) PURSRUWiRQ (PeaQ � SEM) Rf 

CD69+CXCR6+ ceOOV aPRQg cRQYeQWiRQaO CD4+ T ceOOV fRU Whe iQdicaWed geQRW\Se iQ Whe WhUee 

RUgaQV. (E) GUaShV VhRZiQg Whe SURSRUWiRQ (PeaQ � SEM) Rf MHC-II+ PicURgOia iQ HRbiW-CUe-

DTA+ aQd HRbiW-CUe+DTA+ Pice iPPXQi]ed MOG35-55 ePXOVified iQ CFA aQd iQjecWed i.S. 

ZiWh deSOeWiQg aQWi-CD4 PAb dXUiQg Whe chURQic ShaVe Rf EAE (fURP da\ 35 SRVW-

iPPXQi]aWiRQ) XQWiO Whe eQd Rf Whe e[SeUiPeQW aW da\ 60. DaWa aUe fURP 3 e[SeUiPeQWV iQYROYiQg 

11 WR 19 Pice SeU gURXS. SWaWiVWicaO aQaO\VeV ZeUe SeUfRUPed XViQg SSeaUPaQ cRUUeOaWiRQ WeVW 

(A aQd B) aQd MaQQ-WhiWQe\ WeVW (E). *P < 0.05, **P < 0.01, ***P < 0.001, aQd ****P < 

0.0001. 
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