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Single-cell spatial transcriptomic profiling defines a pathogenic inflammatory
niche in chronic active multiple sclerosis lesions
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neurodegeneration. Despite therapies that curb peripheral immunity, eJ K3 s D86
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neighborhoods and immune—glial interactions that maintain this o lym
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ub-clustering and spatial mapping identify reactive glial cell states across distinct lesion domains| | Interactions between peripheral immune cells and reactive glia shape distinct lesion domains
Cross-modal MERFISH—sn_RNA-seq mapping with S_PATA_Z gradients and BANKSY seg_mentation Charts_ react?ve gli_al Peripheral immune infiltration organizes into distinct T-cell niches across lesion domains, with CD8* T cells
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MOL1 |l Alignment percentage Scaled gene expression [ Percent expressed — —— 100 | non-T2 - T2 rim neighbor T2in Rim
voL2 = M m Py I neighbor | | R
STROL © ~ MOBP. @ @ P2RY12 | @ SLC1A2 | @ I m =75 : SPOCK1 | up . ..
DAOL1 BCAS1- 0 CX3CR1-{ @ GJA1| @ S g HSP90AA1‘ : - down o T .
e 103 © @ oA o @ ars £ @ fl Vet
PLP1. L1B{ - ® CD44 - = T 40 | 1 - T
MG OPALIN : S o ¢ o GFAP- 44 2 25 SR CPHNE ST LA
MIMS1 LAMAZ - ‘ TMEM163 - ® O SERPINAS - o o 8 NEFLOPALlN : .CD163 é\D3E ".' '. ° :
IMS3 ABCGTH ° ¢ SPP11O000@ C3 ® . - sLa1ay T YTz MRCH} LR R
HSP90AA1 | O PPARG - o CCL2- S ~. Y
AS? = B2M- ® ® GPNMB- o CON1- .o *@ @‘Q @ & NRaAZ£ B TEIERT T Central T @ AIMS1
AIMS1 HLA-A - ¢ o APOE | @0 VEGFA | o ° o < Q’bfo/g(\ 0{ " P4RAT PN TEST @ MMS2 @ DAOLH
AIMS2 FTHA | ® 0 FTL | ® ® DNAJB1] ° < 2 1 0 1 2
AlIMS4 IGKC x x ° ' HSPBTH ‘ HSPB1 > ®© 6 0 0 ¢ e Average neighbor 100 75 50 25 (0 Averaged niche ratio 0.2 03 04 log,FC 5 5 DAOL2
ST T ZTVOVONVNUIZZEZZIIISY NV ODOA N U > NV eV Ed X percentage(%) (at least 1 neighbor,%) < Z
°P0P3358855750085 OOV KL %%*1\\& I - 6 00C st 58
=N Lhw & ST b = DMWM B Rim = PLWM 88 HealthyWM T6{e © o © © o @ ® @ ¢ e @ @ 0 O © o 0‘. e 00 MIMS2 . — Jj’/f;d D’;?'I‘;OL
1> DMWM _____ PLWM 20, = = = = = 15y = — = f_ = = = T5{ o @ © @ @ o @ © o @ 0 o o ‘ () ‘ ® 6 06 ® @ o O ‘ MIMS3 [:, / 7 MOL3
Ry o < ﬁ J 30- T4le @ © @ @ o @ © © © © ©¢ @ @ © © @ ©¢ © © @ © o “ g HAST 1/‘/\“ \\/\// MOL2
— < 101 OIS MOL1
g £ §% ? 0] | T3{0e @ ©c @ ®© o @ © ¢ @ 0 0 @ 0000 0@ ¢ o Q‘ S/ 1/ -
?f <=‘33 %10 éﬁ 5% %ﬁﬂém Q T2{0 @000 ©0 ° ¢ 000 °>000©0°2000-°-°00 AIMS1 \ OPC
: - Q0-. | | ﬁ%gﬁ 0. %@ﬁﬁaﬁ ﬁjﬁ Q O_Qm__%@i%ﬁ iﬁ@éﬁ a T oeo@o@e e e © 9060 ° 0060000000 00 Ams2c7 . < "N:uKmn
1 0 : 2 (mm) V\&&VV\@ e R GG SV IU S A S Sy A s SO OV A A, Y. S SSRGS A s B Mee
. SO ELE " FITETEEE FIEEESE JL S O S AR G R S & cosT )
. . . . . . . . N( _ . . . e . . . )
CD8+ T cells associate with GPNMB+ STAT1+ microglia at the chronic active lesion rim IFN-y impairs microglial lipid metabolism after myelin phagocytosis
Protein co-detection and spatial quantification show the lesion rim is enriched for MIMS2 (CD68* GPNMB*) microglia In ori : : : : : :
o - . . primary microglia exposed to myelin, IFN-y drives a foamy, inflammatory state—PLIN21/STAT11 with
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%eDnSe—Srh?c?roglia interac?clnzr?r?efdaefjiﬁgzr]meochronic aCceti\?eer)i(ml tihcrease » Ihdicating an Ihterieron-iinke export. These data link T-cell-derived interferon to impaired microglial lipid handling as a proximal mechanism
Scaled gene Scaled gene for SUSItFaI\IImng fim mﬂflrpl[p ation. Cell boundary/DAPI/M: RFISH transcripts -
expression non - expression ) Y . e '
Healthy WM - IO.S Healthy WM \ I 1
Scaled IFNG 0.0 T-neighbor 1 @ 0
expression 05 - c T2
A PLWM | @ 1.0 PLWM | e - £ oo
.".‘..‘ I 199 T_neighbor a [ = 'A,:l\bpoe1
’ ’ 5. : 01 Percent Percent | Abz;
J 20 ’ ggg Rm{ @ expressed Rim ‘ nony @ expressed s Mot
3‘ ® o 0.00 0 T-neighbor 4 @ .40 MG3
' o 1 o 42 10 Qcé\ & LG Ry
® T cell DMWM |+ o S 2 DMWM| et e = e s o | B
® 3 T—-neighbor - o ® 46 g set S ng:)s H2-Ab1 Ifitm3
@ 4 @ 48 S MG2 8 05 B MG2 Cypst Tnf lnart
IFNG IFN-response + 8 = chosr oy
Score MG3 0o Dhcr24 Tspo Cxcl10
CD8/DAPI _/DAP! GPNMB/DAPI Crop | @A e
: * ¥ L + IFN-y D
2 . . y . . . )
c Microglial Cholesterol Efflux Governs Rim Pathogenicity: Loss Worsens, Activation Ameliorates
Y Genetic disruption of Abca1/Abcg1 in microglia worsens EAE with increased lesion burden, CD8* T-cell infiltration, and a
foamy GPNMB*/PLIN2*/STAT1* microglial state, whereas pharmacologic activation of the efflux/LXR axis (e.g., SH42)
restores Abca1, dampens these signatures, reduces lesions and clinical scores. In short, blocking efflux fuels the rim,
and boosting efflux therapeutically reverses it.
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