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Age-related myelin damage induces inflammatory responses, yet its
involvement in Alzheimer’s disease remains uncertain, despite age being
amajor risk factor. Using a mouse model of Alzheimer’s disease, we

found that amyloidosis itself triggers age-related oligodendrocyte and
myelin damage. Mechanistically, CD8" T cells promote the progressive
accumulation of abnormally interferon-activated microglia that display
myelin-damaging activity. Thus, our data suggest thatimmune responses
against myelinating oligodendrocytes may contribute to neurodegenerative
diseases with amyloidosis.

Age-related brain damage presents animportant risk for several neuro-
logical conditions, butitis unknown which oligodendrocyte and myelin
alterations contribute to the development of these diseases. A key
feature of age-related braininjury are focal white matter (WM) patholo-
gies, whichare linked to an elevated likelihood of dementia including
Alzheimer’s disease (AD). Aging is associated with distinct oligoden-
drocyte responses, consisting of disease-associated Serpina3n‘C4b*
and interferon (IFN)-responsive STAT1'B2M* oligodendrocyte states?,
which are also detected together with myelin alterations in AD and its
mouse models® 2, Thus, we asked whether age-related oligodendrocyte
and myelin alterations contribute to the pathology of AD.

We used the 5xFAD model of amyloidosis and detected anincrease
in STAT1'CC1" and Serpina3nCC1" oligodendrocytes, initially in WM,
and at 10 months both in white and gray matter (GM) (Extended
Data Fig. 1). Scanning electron microscopy (SEM) revealed abnor-
mal myelin ultrastructure with myelin outfoldings, myelin splitting,
whorls of degenerated myelin and redundant myelin (Fig. 1a-c and

Supplementary Fig. 1b). In addition, there were abnormal BCAS1*
premyelinating oligodendrocytes with fragmented processes and
large swellings, which were often positive for markers of myelin,
myelin-associated glycoprotein and myelin basic protein (MBP) (Fig. 1d
and Supplementary Fig. 1c,d). By analyzing consecutive sections, we
observed that BCAS1" cells were often without nucleus, possibly rep-
resenting remnants of dying cells (Fig. 1d). These pathological fea-
tures were accompanied by an increase in 5-ethynyl-2’-deoxyuridine
(EdU)"OLIG2" cells, PDGFRa* oligodendrocyte progenitor cells, premy-
elinating BCAS1" cells and mature CC1* oligodendrocytes (Extended
DataFig.2), indicating that myelin damageis associated with regenera-
tive responses in 5XFAD mice.

We examined theinflammatory reactions inthe WM and GM, and
detected a small but significantly elevated number of CD8" T cells at
10 months (Extended Data Fig. 1). To determine whether CD8" T cells
contribute to oligodendrocyte and myelin pathology in 5XFAD mice,
we performed antibody-mediated CD8" T cell depletion for 6 weeks
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starting in 6-month-old 5xFAD mice, a time point when CD8" T cells However, the number of Serpina3n’ oligodendrocytes and BCAS1"

were starting to appear in the GM. The treatment did not lead to sig-  swellings were reduced (Fig. 1g and Extended Data Fig. 3c). In addition,
nificant changes in the amyloid plaque load (Extended Data Fig. 3b). the EdU labeling experiments revealed a decrease in the number of
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Fig.1|Oligodendrocyte and myelin damage is ameliorated by CD8" T cell
depletionin 5XFAD mice. a, SEM images showing myelin abnormalities (green)
in WT and 5xFAD mice aged 10 months. The asterisk shows an axonal swelling
with thin myelin. b,c, Images (b) and quantification (c) of different myelin
abnormalities in 5XFAD brain sections. Unpaired two-sided Student’s ¢-test for
n=3-4animals (GM, WT 10 months, 5xFAD 10 months, *P=0.018; WM, WT

4 months, 5XFAD 4 months, *P = 0.041; WM, WT 10 months, 5xFAD 10 months,
**P=0.002).d, Image of BCAS1" (green) swellings (shown with white arrowheads)
lacking a nucleus (stained with DAPI) in 5XFAD mice aged 10 months. Thiazine red
(ThR) indicates plaques. Quantifications of BCAS1* swellings in 4-month old and
10-month old WT and 5xFAD mice. Unpaired two-sided Student’s t-test forn=3
animals (WT 10 m, 5xFAD 10 m, *P = 0.019). e, Image and quantification showing
the percentage of EAU’ (gray) OLIG2* (green) cells in the cortex of control or CD8*
T cell-depleted 5XFAD mice. ThR (red) indicates plaques; unpaired two-sided
Student’s t-test for n =5 animals (control, anti-CD8, *P = 0.027). f, SEM images

and quantification of myelinated axons with myelin abnormalities (green) in the
cortex of control or CD8" T cell-depleted 5xFAD mice; unpaired Student’s ¢-test
for n=3animals (control, anti-CD8, **P = 0.002). g, Image and quantification
showing the percentage of Serpina3n* (gray) CC1' (green) oligodendrocytesin
the cortex of control or CD8' T cell-depleted 5XFAD mice. ThR (red) indicates
plaques. Unpaired two-sided Student’s ¢-test for n = 4 animals (control, anti-CD8,
*P=0.049). h, Behavior of control or CD8" T cell-depleted WT and 5XFAD mice
inthe Barnes maze. Left: Tracing graphs in platform trials in the Barnes maze.
Right: Quantification of the target quadrant time (%) on the platform during the
training sessions and relative escape latency to the target hole in the probe trial.
One-way analysis of variance (ANOVA) with Tukey’s post hoc analysis for n = 9-10
animals (WT control, 5XxFAD control, ***P=0.0000000069; 5xFAD control,
5xFAD anti-CD8, **P=0.0019). Each point on the graph represents one animal.
Data are presented as the mean + s.e.m. a,f, Scale bar,1 um.b, Scale bar, 0.4 pm.
d,e,g, Scalebar,10 pm.

EdUOLIG2’ cells (Fig. 1e); EM showed diminished myelin abnormali-
tiesinthe cortex of CD8" T cell-depleted 5XFAD mice (Fig. 1f). To assess
behavioral deficits, we conducted the Barnes maze test and observed
that CD8" T cell-depleted 5xFAD mice exhibited a significantly lower
relative escape latency during the probe trial (Fig. 1h), pointing to
improved spatial learning and memory performance. Additionally,
CD8" T cell depletion partially reversed anxiety-related behaviors in
5xFAD mice (Extended Data Fig. 3d,e). Subsequently, we conducted
theinverse experiment by administeringimmune checkpoint blockage
therapy tomice. Treatment of 6-month-old mice with anti-programmed
cell death protein (PD-1) and anti-cytotoxic T lymphocyte-associated
protein 4 (CTLA-4) antibodies for 6 weeks resulted in an increase in
the number of CD8' T cells (Extended Data Fig. 4a). The treatment did
not lead to significant changes in the amyloid plaque load (Extended
DataFig.4b). Instead, we found anincrease in the number of Serpina3n*
oligodendrocytes and EAU*OLIG2" cells (Extended DataFig. 4c,e), and
using EM, anincrease inthe number of myelin abnormalities (Extended
Data Fig. 4d). Opposite to CD8" T cell elimination, anxiety-related
behaviors were further exacerbated after checkpoint inhibitor treat-
ment in 5XFAD mice (Extended Data Fig. 4g,h). Together, these data
provide evidence for arole of CD8" T cells in amplifying oligodendro-
cyte and myelin damage in 5XFAD mice.

To ascertain whether these effects were reproducible in another
AD mouse model, we used knock-in mice carrying multiple mutations
in the APP gene (APP*°) and observed a significant increase in CD8"
Tcells, EQU*OLIG2" cells, Serpina3n* oligodendrocytes and BCASI* cells
with swellings, and using EM more myelin abnormalities compared to
control mice at 12 months of age (Extended Data Fig. 5). On crossing
APP"“"with Rag knockout (KO) mice (Rag1 KO), which lack functional
lymphocytes, we noted a substantial reduction in all these responses
(Extended Data Fig. 5), supporting our conclusion that lymphocytes
have aroleindriving oligodendrocyte alterations.

Tounderstand the mechanisms of how CD8* T cells may induce the
injury, we evaluated its effect on microglia by performing single-cell
RNA sequencing (scRNA-seq) using the 10X platform for 6-month-old
5xFAD mice treated with anti-CD8 or isotype control antibody. We
obtained 40,394 single-cell transcriptomes (Supplementary Fig. 2).
Celltype composition was analyzed using unsupervised uniform mani-
fold approximation and projection (UMAP); cell type identities were
confirmed by the expression of canonical cell type marker genes
(Supplementary Fig. 2). Microglia were distributed in nine different
clusters: a homeostatic cluster, IFN-responsive clusters and differ-
ent disease-associated microglial (DAM) clusters as described previ-
ously" (Fig.2a,b). We used Monocle 3 for semisupervised pseudotime
analysis to investigate whether the distinct responses followed a con-
tinuous differentiation pathway. Our findings revealed that microglia
aligned themselves alongatrajectory, transitioning from ahomeostatic
state over the IFN-responsive microglial (IRM) state toward the various
DAMstates (Supplementary Fig. 3a,c). Notably, the expression of major
histocompatibility complex class Il (MHC-II) genes was observed in
the cells located at the furthest end of the trajectory. Slingshot analy-
sis provided further evidence that the specific DAM subpopulation
with high MHC-lIgene represented an advanced activation stage (Sup-
plementary Fig. 3d). Next, we investigated the impact of CD8"' T cell
depletion on microglial responses. To achieve this, we used differential
single-cell composition data analysis (scCODA) and found that the DAM
cluster enriched in MHC-Il genes was significantly decreased in CD8"
T cell-depleted 5xFAD mice (Fig. 2¢,d). Using immunohistochemistry
(IHC), we detected anincreasein MHC-II'IBA1" cells in 5XFAD mice with
time (Extended DataFig. 6), and consistent with the scRNA-seq data, we
found that MHC-II'IBAT" cells were significantly reduced by CD8" T cell
depletion in 5XFAD (Fig. 2e). Furthermore, APP"*°f crossed with Ragl
KO mice had fewer MHC-II'IBAI" cells (Extended Data Fig. 5e). Check-
pointinhibition, in contrast, resulted in an increase in the number of

Fig.2|CD8'-mediated microglial activation in 5XFAD mice. a, UMAP plot

of microglia, colored according to the identified populations. b, Heatmaps of
scaled average expression of selected marker genes of microglial populations.

¢, Left: UMAP plots of microglia. Right: Proportions of different microglial
populationsin control (gray) or CD8" T cell-depleted (green) 5XFAD mice. The
central line represents median, the boxes the upper and lower quartiles of the
proportions, and the whiskers show the full range of all populations. Asterisks
indicate statistical significance for n = 3 animals (using scCODA). Statistical
significance was determined for n = 3 animals using scCODA. d, UMAP plots of
microglia colored according to the expression of selected gene markers. e, Image
and quantification showing the percentage of MHC-II" (green) IBA1" (gray) cells
inthe cortex of control or CD8" T cell-depleted 5XFAD mice. ThR (red) indicates
plaques. Unpaired two-sided Student’s ¢-test for n = 5animals (control, anti-CD8,
*P=0.010). Data are presented as the mean + s.e.m. f, UMAP embedding and
spatial plots of single-cell transcriptional profiles measured using MERFISH.
Cells are colored according to the major cell type. n = 306,537 segmented single

cells from five brain sections from n = 3,9.5-month-old 5xFAD animals. g, Left:
MERFISH spatial plot showing the values of ISG (top) and the MHC-II (bottom)
expression score. The arrows in the zoom-in show the positions of T cells. Right:
Plots show the cell type identities and expression of selected ISG and MHC-II
genes. h, Volcano plot of differential gene expression between 50 nearest
neighbors of T cells and remaining cells. Bonferroni-adjusted P values from a
Wilcoxon rank-sum test are shown. i, Quantification of Cd74* neighboring cells
in proximity to control and T cells. Unpaired two-sided Student’s ¢-test (control,
Tcell,*P=0.011). Dataare presented as the mean + s.e.m. Fifty neighboring cells
each were analyzed for a total of 93 CD8* T cells and 5,000 random cells. j, IHC
of human hippocampal sections from 14 patients with AD showed CD8" T cells
(brown) in contact with MHC-II* myeloid cells (blue). The box plot shows the
percentage of CD8" T cells in contact (<50 pm) with MHC-II cells in patients with
AD (ABCscore >1). The central line represents the median, the boxes the upper
and lower quartiles and the whiskers show the full range of the data. e, Scale bar,
10 pm. j, Scale bar, 50 pm.
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MHC-II'IBAT" cells in 5XFAD mice (Extended Data Fig. 4f). These results
suggested that T cells coordinate the MHC-Il and some of the IFN signa-
ture possibly by secreting cytokines and IFNs. Toinvestigate the spatial

organization of T cellsand MHC-Il and the IFN signature, we performed
single-cell-resolved spatial transcriptomics analysis (Fig. 2f-iand Sup-
plementaryFig.4a,b). Specifically, we measured a panel of 496 genesin
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five half-brain sections fromthree different 5xFAD mice (9.5-month-old)  higher levels of MHC-1l genes and several IFN-stimulated genes (ISGs)
using multiplexed error-robust fluorescenceinsitu hybridization (MER-  compared to nonneighboring cells (Fig. 2h). We observed an elevated
FISH) (Fig. 2f). We found that cells neighboring the T cells displayed  ISG or MHC-IIscore for cells neighboring T cells (Fig. 2g). Quantification
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Fig.3|IFNy-mediated microglial activation triggers myelin damage. a, Image
and quantification of OLIG2" (green) EdU" (gray) cells in the cortex of control

or PLX-treated mice. ThR (red) indicate plaques. Unpaired two-sided Student’s
t-test for n=4mice (control, PLX, *P= 0.03). b, SEM images and quantification
of myelin abnormalities (green) in the cortex of control or PLX mice. Unpaired
two-sided Student’s ¢-test for n = 3-4 mice (control, PLX, **P=0.008). ¢, Image
and quantification of CAIl* (green) Serpina3n* (red) oligodendrocytesin the
cortex of control or PLX mice. Unpaired two-sided Student’s ¢-test for n =4-5
mice (control, PLX, **P=0.0024). d, Schematic of the assay. e, Image showing
IBA1* (green) cells with internalized MBP (red). Quantification indicated fold
change in the number of MBP*IBA1" cells normalized to control. Left and middle:
One-way ANOVA with Tukey’s post hoc test. Right, Unpaired two-sided Student’s
t-test for n =3-5independent experiments (WT microglia, control, IFNy,
**P=0.008; WT microglia, IFNy, IFNy + baricitinib, *P = 0.016; WT microglia,
5xFAD microglia, **P = 0.008; 5xFAD microglia, control, IFNy + baricitinib,

*P=0.034; 5XFAD microglia, control, IFN1p, *P = 0.012; 5xFAD microglia, control,
baricitinib, *P=0.013). f, Image and quantification of OLIG2" (green) EAU* (gray)
cellsin the cortex of 7.5-month-old control or baricitinib-treated mice. ThR

(red) indicate plaques. Unpaired two-sided Student’s t-test for n = 4-5mice
(control, baricitinib, *P = 0.047). g, SEM images and quantification of myelin
abnormalities (green) in the cortex of 9-month-old control or baricitinib-treated
mice. Unpaired two-sided Student’s ¢-test for n = 4 mice (control, baricitinib,
**P=0.002). h, Behavior of 5XFAD mice in the Barnes Maze after 12 weeks of
treatment with baricitinib. Left: Tracing graphs in the platform trialsin the Barnes
maze. Right: Quantification of time in the target quadrant (%) on the platform
during training and relative escape latency to the target hole in the probe trial.
One-way ANOVA with Tukey’s post hoc analysis for n = 11-13 mice (relative escape
latency, 12 weeks, WT control, 5XFAD control, ***P=0.00000431; relative escape
latency, 12 weeks, 5XFAD control, 5XFAD baricitinib, ***P = 0.00002349). Data are
presented as the mean +s.e.m. a,c,f, Scale bar,10 um. b,g, Scale bar, 1 pm.

revealed that approximately 18% of cells adjacent to T cells exhibited
Cd74 expression, in contrast to only 1% of neighboring cells around a
random 4’,6-diamidino-2-phenylindol (DAPI)* cell (Fig. 2i), which we
confirmed using IHC (Supplementary Fig. 4c). Next, we used human
autopsy samples and observed that the overall CD8" T cell density in
patient braintissue (hippocampus) increased significantly with increas-
ing neuropathological AD probability according to the National Insti-
tutes of Health criteria (ABC score) (Supplementary Fig. 4d). After this,
we performed IHC for CD8 and MHC-11, and found that approximately
45% of CD8" T cells were in close proximity (<50 pm) to MHC-II* cells
(Fig. 2j); the density of these CD8" T and MHC-II* cell pairs correlated
with the number of amyloid plaquesin the hippocampus (Supplemen-
tary Fig. 4e).

Because T cells are a major source of interferon-y (IFNy), and
an effective inducer of MHC-II gene expression'®, we asked whether
MHC-II'IBAT" cells were IFN-activated. Surprisingly, we detected that
already at 4 months (when the plaque number is low compared to 10
months) arelatively large fraction of IBA1" cells were positive for STATI,
ISG15 and B2M, all of which represent IFN-responsive genes. This was
even more prominent at 10 months of age (Extended Data Figs. 7 and
8a,b). Essentially, all MHC-II'IBA1" cells were also STAT1" (Extended
DataFig.8c). To determine whether IFNy could induce MHC-Il expres-
sion, we treated cultured microglia with IFNy, which resulted in the
induction of MHC-II" cells (Extended Data Fig. 8d). Likewise, injection
of IFNy into mice caused anincrease in the formation of MHC-II'IBA1*
cells (Extended Data Fig. 8e). Together, our results suggest that CD8*
T cells amplify DAM responses by inducing the expression of a subset
of cells characterized by high expression of MHC-1l genes.

To delineate the role of microglia in driving oligodendrocyte
pathology, we performed pharmacological depletion of microglia by
treating 6-month-old 5XFAD mice for 6 weeks with Plexxicon (PLX5622
(PLX)) or control chow. Notably, there was significant reduction in IBA1"*
cells, EAU OLIG2" cells, Serpina3n* oligodendrocytes and myelin altera-
tions, whereas amyloid plaque numbers, CD8* T cells and STAT1*CAII
oligodendrocytes were unaltered (Fig. 3a-c and Supplementary Fig. 5).
To further assess the effect of microglia activation onmyelinin 5XFAD
mice, we analyzed the number of microglia containing intracellular
MBP fragments. We found an increase in the number of MBP" micro-
glia in 10-month-old 5xFAD mice, wherein most MHC-II" microglia
contained MBP fragments (Supplementary Fig. 6). Next, we asked
whether such activated microglia in 5XFAD mice were more prone to
induce myelindamage. To address this question, we established an ex
vivo slice culture model in which brain cryosections from wild-type
(WT) mice were seeded with microglia purified from 5XFAD or WT mice
(Fig.3d). Microglia from 5xFAD mice phagocytosed myelinated fibers,
asdetected by anincrease in MBP* material within microglia (Fig. 3e).
This was in contrast to microglia purified from WT mice, which dis-
played hardly any internalized MBP* material. However, when microglia
from WT mice were incubated with IFNy, we observed an increase in

MBP* material within microglia (Fig. 3e and Supplementary Fig. 7). IFNf3
showed no observable effects. To determine whether the IFN pathway
was responsible for the abnormal activation of microglia, we treated
microglia with baricitinib, a Janus kinase (JAK) inhibitor that blocks
JAK1 and JAK2 signaling. Baricitinib effectively reduced microglial
activity toward myelin in the slice assay (Fig. 3e and Supplementary
Fig. 7). Furthermore, baricitinib diminished IFNy-mediated MHC-II
inductionin cultured microglia (Extended Data Fig. 8d). Collectively,
these findings offer evidence that abnormal IFN activation may trigger
microglia to engage in myelin-damaging activity.

Thus, we tested the ability of baricitinib to reduce myelin damage
in 5XFAD mice in vivo. Six-month-old 5xFAD mice were treated for up
to 12 weeks with baricitinib (10 mg kg™ body weight). We observed a
reduction in STAT1'CAII" oligodendrocytes and STATI'IBA1" microglia,
with a concomitant increase in P2RY12°IBA1" cells in 5XFAD mice. No
significant differencesinamyloid plaque load and CD8" T cell numbers
were observed (Extended DataFig.9a,b). However, there was adecrease
in the number of EQU*OLIG2" cells (Fig. 3f), and by using EM, fewer
myelin abnormalities were detected in baricitinib-treated 5xFAD mice
(Fig.3g). To assess learning deficits and anxiety-related behaviors, we
performed the Barnes maze, elevated plus maze and open field tests.
Baricitinib treatment resulted in a significant improvement of learn-
ing deficits in 5XFAD mice, whereas anxiety-related behaviors were
unchanged (Fig. 3h and Extended Data Fig. 10).

Collectively, our data provide evidence for the progressive accu-
mulation of abnormally activated microgliain 5XFAD mice that display
myelin-damaging activity. The activity of infiltrating CD8" T cells pre-
viously detected in models of AD**° could be responsible for driving
microgliaintosuch astate. Progressive myelin damage has the proper-
ties of aself-propelling positive feedback systemin which more myelin
pathology causes greater inflammation and the next loop causes an
even greater response. If these results are validated further in human
studies, targeting inflammation for the promotion of oligodendrocyte
health could hold significant therapeutic promise for delaying AD.
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Methods

Mice

All animal experiments were performed with the approval and
according to the regulations of the District Government of Upper
Bavaria and reported according to the guidelines. Animals were
housed at the German Center for Neurodegenerative Diseases
(DZNE) inMunichin groups in Greenline IVC GM500 plastic cagesina
temperature-controlled environment (21 + 2 °C) on a12-h light-dark
cycle with food and water available ad libitum. The mouse lines used
in the study include: WT C57BL/6) mice from Janvier Labs, B6.Cg-Tg
(APPSwFILon,PSEN1*M146L*L286V)6799Vas/Mmjax (5xFAD)* and
B6.129S7-Ragl™™°™/] (Ragl KO)* from the Jackson Laboratory, and
Appt™31Tes (APPVLCF) 2, Experiments were performed with adult male
mice aged 4, 6,10 and 12 months asindicated in the figures and figure
legends. Mice were randomly assigned to different treatment groups.
Forthedepletion of CD8' T cells, male mice, 5xFAD mice aged 6 months
were injected intraperitoneally with anti-CD8 antibody (catalog no.
BP0O061, Bio X Cell) and their respective isotype control (catalog no.
BE0119, Bio X Cell) twice aweek for a total of 6 weeks. 5XFAD male mice
aged 6 months were given either antibodies against PD-1 (catalog no.
BP0146, Bio X Cell) and CTLA4 (catalog no. BP0131, Bio X Cell) or their
isotype controls (catalog nos. BEOO89 and BPO087, Bio X Cell) at a
concentration of 10 mg kg™ or 20 mg kg body weight, respectively.
Antibodies were injected intraperitoneally twice a week for 6 weeks.
WT and 5xFAD female mice aged 6 months were fed powdered chow
(ssniff V1120) mixed with baricitinib (catalog no. V0338, InvivoChem)
dissolved in corn oil at a concentration of 10 mg kg™ body weight.
Alternatively, control animals were fed with powdered chow mixed with
corn oil only. 5xFAD female mice aged 6 months were fed either with
control AIN-76A standard chow or 0.12% PLX5622 (MedChemExpress,
mixed inwith AIN-76A standard chow, Research Diets) for 6 weeks. EAU
(catalogno.E10187, Invitrogen) was dissolved in drinking water at afinal
concentration of 0.2 mg ml™ for 2weeks. Water was replaced every 48 h.

Human samples

Patients with aneuropathological diagnosis of AD were retrieved from
the archives of the Institute of Neuropathology, University Medical
Center Gottingen, Germany. Patients wereeligible to participatein the
study if they or their next of kin had consented to tissue donation and
to the use of their tissue for research. The study was approved by the
ethics committee of the University Medical Center Gottingen (39/2/19).
Sampling of the hippocampus was performed during autopsy in 16
individuals; samples were formalin-fixed and paraffin-embedded.
Each individual was stratified according to the ‘ABC’ score?*. Patients
with intermediate or high risk (n=12) were assigned as patients with
AD. For patient information, see Supplementary Table 1.

IHC

Mice were anesthetized with a solution of 10 mg ml™ ketamine and
1mg ml™ xylazine injected intraperitoneally. They were then per-
fused transcardially with 4% paraformaldehyde (PFA) and brains were
post-fixed in 4% PFA for 2 h, followed by cryopreservation in 30%
sucrose in PBS. After freezing the tissue on dry ice using Tissue-Tek
0.C.T.compound, 30-pm coronal sections were cut using the Leica CM
1900 cryostat. Free-floating tissue sections were collected inasolution
containing 25% glycerol and 25% ethylene glycol in PBS. Tissue sec-
tions were rinsed with 1x PBS followed by permeabilization with 0.5%
Triton X-100in PBS for 30 min at room temperature. The sections were
then incubated in Fab fragment goat anti-mouse IgG (1:100 dilution,
Dianova) for 1 h at room temperature to block endogenous mouse
tissue immunoglobulins. Sections were blocked for 1 h in a solution
consisting of 2.5% FCS, 2.5% fish gelatin and 2.5 % fish gelatin in PBS.
Primaryantibodies were dilutedin10% blocking solution and incubated
overnightat4 °C. The following day, sections were washed in PBS and
then incubated in secondary antibodies in 10% blocking solution for

2 hatroom temperature. The sections were then washed with 1x PBS
and stained with DAPIfor 5 min and mounted. The following antibodies
were used: mouse anti-APC (1:100 dilution, catalog no. OP80-100UG,
Merck Millipore), rabbit anti-B2m (1:100 dilution, ab75853, Abcam),
rabbit anti-STAT1 (1:100 dilution, catalog no. 14994S, Cell Signaling
Technology), rat anti-CD8 (1:100 dilution, catalog no.100702, Promega
Corporation), rabbit anti-Ibal (1:250 dilution, catalog no. 234-004,
Wako), chicken anti-IBA1 (1:400 dilution, catalog no. 234009, Synap-
tic Systems), mouse anti-3-Amyloid1-11 (1:1,000 dilution, catalog no.
835104, BioLegend), mouse anti-myelin-associated glycoprotein (1:200
dilution, catalog no. MAB1567, Sigma-Aldrich), mouse anti-Serpin A3N
(1:100 dilution, catalog no. AF4709, Bio-Techne), rabbit anti-Olig2
(1:250 dilution, catalog no. AB9610, Sigma-Aldrich), mouse anti-PDGFR
alpha (1:100 dilution, catalog no. AF1062, R&D Systems), rat anti-MHC
Class 11 (1:100 dilution, catalog no. 14-5321-82, Invitrogen), mouse
anti-ISG15 (1:100 dilution, catalog no. sc-166755, Santa Cruz Biotechnol-
ogy), ratanti-myelin basic protein (1:300 dilution, catalog no.ab7349,
Abcam), chicken anti-MBP (1:400 dilution, catalog no. PA1-10008,
Invitrogen), rabbit anti-BCASI1 (1:500 dilution, generated against amino
acids1-667 of mouse BCASI, custom-made by Synaptic Systems), don-
key anti-mouse IgG (H+L) Alexa Fluor 488 (1:500 dilution, catalog no.
A-21202, Thermo Fisher Scientific), goat anti-mouse IgG (H+L) Alexa
Fluor 555 (catalog no.1:500, catalog no. A-21422, Thermo Fisher Scien-
tific), goat anti-mouse IgG (H+L) Alexa Fluor 647 (1:500 dilution, cata-
log no. A-21235, Thermo Fisher Scientific), goat anti-rabbit IgG (H+L)
Alexa Fluor 488 (1:500 dilution, catalog no. A-11008, Thermo Fisher
Scientific), goat anti-rabbit IgG (H+L) Alexa Fluor 555 (1:500 dilution,
catalog no. A-21428, Thermo Fisher Scientific), goat anti-rat IgG (H+L)
Alexa Fluor 555 (1:500 dilution, catalog no. A-21434, Thermo Fisher
Scientific), goat anti-mouse IgG Alexa Fluor 555 (1:500 dilution, catalog
no.A-32116, Thermo Fisher Scientific), donkey anti-goat IgG (H+L) Alexa
Fluor Plus 647 (1:500 dilution, catalog no. A32849, Thermo Fisher Sci-
entific), donkey anti-rat Alexa Fluor 488 (1:500 dilution, Thermo Fisher
Scientific), donkey anti-goat Alexa Fluor 555 (1:500 dilution, Thermo
Fisher Scientific) and donkey anti-rabbit Alexa Fluor 647 (1:500 dilu-
tion, Thermo Fisher Scientific). For CC1, STAT1and Serpina3n antibod-
ies, after permeabilization tissue sections were boiled in10 mM citrate
buffer, pH 6.0, at 85 °C for 20 min. To detect plaques, after incubation
with secondary antibodies, sections were stained using either ThR
or Methoxy-XO4. For ThR (catalog no. S570435, Sigma-Aldrich) sec-
tions wereincubated at aconcentration 0of1:1,000 in1x PBS for 15 min
at room temperature. For Methoxy-X04 (catalog no. 4920, Tocris)
staining, sections were incubated with 4 pg ml™ Methoxy-X04 in 50%
ethanoland washed with 50% ethanol for 5 min. Todetect EAU, the Alexa
Fluor 647 Click-iT EdU Cell Proliferation Assay Kit (catalog no. C10340,
Invitrogen) was used according to the manufacturer’s protocol. Briefly,
afterincubationin secondary antibodies, brain sections were washed
with PBS andincubated in EAU developing cocktail for 45 minat room
temperature, followed by post staining with DAPI before mounting on
coverslips.Images were acquired using a Leica Microsystems TCS SP5
confocal microscope or with an LSM 900 microscope (ZEISS) and were
processed and analyzed with the Imaris v.9.2.0 and Image] v.1.41 soft-
ware. For IHC of human samples, we performed heat antigen retrieval
after deparaffinization (steamer, citrate buffer, pH 6, for 30 min),
incubationin 3% H,0,and blocking with normal goat serum (10%) with
0.1% Triton X-100. The primary mouse anti-CD8 antibody (1:50 dilution,
clone C8/144B, catalog no. M7103, Dako) was incubated overnight and
developed with 3,3’-diaminobenzidine (Dako REAL EnVision, catalog
no. K500711-2, Dako) until saturation of the chromogenic reaction.
The second primary mouse anti-MHC-Il antibody (1:50 dilution, clone
CR3/43, catalog no. M0775, Dako) was again incubated overnight and
developed using a goat anti-mouse IgG (1:50 dilution, catalog no. 115-
055-003, Jackson ImmunoResearch) with alkaline phosphatase and fast
blue aschromogen. Stained samples were digitized usingaVS200slide
scanner (Evident) and manually quantified using the OMERO.iviewer
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software. CD8 cells were considered in the contact zone of an MHC-II*
cellifwithinarange of 50 pm.

Cell culture

Microglia were isolated from P15-P21 C57BL/6) WT pups using the
Neuronal Tissue Dissociation Kit (Miltenyi Biotec) according to the
manufacturer’s protocol. Briefly, brain tissue was dissected, cut into
small pieces and dissociated using enzymatic digestion in the gen-
tleMACS Octo Dissociator (Miltenyi Biotec). The tissue suspension was
incubated with magnetic beads against CD11b and passed through a
magnetic column. Microglia were flushed out of the column and plated
inDMEM containing 10% FCS, 10 ng mI™ monocytic colony-stimulating
factor, 1% penicillin-streptomycin and 1% glutamate for 4-7 days before
being used for the experiments.

Ex vivo myelin phagocytosis assay

Acute isolation of adult WT and 5xFAD microglia was performed as
described above. In preparation for the assay, WT brains were flushed
with PBS and fresh-frozen. Frozen brains were cut into 10-pm sec-
tions and transferred on Poly-L-lysine-coated coverslips and stored
at —80 °C until use as described previously®. Frozen sections were
temperature-adjusted for 30 min, washed with PBS and equilibrated to
the microglial medium. Then, 100,000 acutely isolated microgliawere
plated on sections and immediately treated with 5 ng mI™” IFNy, 1 uM
baricitinib or 5,000 U mI IFN1B. Microglia were incubated on brain
sectionsfor 4 days; then, the internalized MBP* material was analyzed.

Stereotacticinjectioninthe corpus callosum

Asolution of 10 ng pI™ IFNy was prepared in sterile 1x PBS. To identify
the lesion area during tissue processing, Monastral blue (autoclaved
and filtered, catalog no. 274011, Sigma-Aldrich) was added to a final
concentration of 0.03%. Mice were anesthetized using a solution of
medetomidine (concentration 0.5 mg kg™), midazolam (concentra-
tion 5 mg kg™) and fentanyl (concentration 0.05 mg kg™) injected
intraperitoneally. After anesthesia, the head was shaved and bepanthen
cream (catalog no. 1578847, Bayer) was used to protect the eyes. The
mouse was positioned on the stereotactic injection apparatus and a
small incision was made in the skin to expose the skull. A small hole
was drilled into the skull at the injection coordinates: X, £0.55 mm; Y,
-1.22 mm (frombregma); Z, -1.25 mm (from bregma). A glass capillary
containing an IFNy solution was lowered to the desired coordinates and
1plIFNy wasinjected ataspeed of 100 nl min™. After the injection, the
mouse was injected with buprenorphine (concentration 0.05 mg per
kg of body weight) and the skin was sutured. To terminate the anes-
thesia, the mouse wasinjected with an antagonist solution consisting
of atipamezole (concentration 2.5 mg kg™), naloxone (concentration
0.5mg kg™ and flumazenil (concentration 0.5 mg kg™). The animals
were perfused transcardially after 48 h with 4% PFA as described above.

EM

For the ultrastructural analysis, mice were perfused with 4% PFA (EM
grade, Science Services) and 2 mM calcium chloride in 1x PBS, pH 7.4
(Science Services). One hemisphere was dedicated to ultrastructural
analysis usingimmersion fixationin 4% PFA, 2.5% glutaraldehyde (EM
grade, Science Services) and 2 mM calcium chloride in 0.1 M sodium
cacodylate buffer for 24 h. Coronal 50-100-um-thick vibratome sec-
tions were incubated in the same fixative for another 24 hand storedin
0.1 Msodium cacodylate buffer at4 °C. TherOTO enbloc staining pro-
tocolincluded postfixationin 1% osmium tetroxide (Electron Micros-
copy Sciences), 1.5% potassium ferricyanide (Sigma-Aldrich) in 0.1M
sodium cacodylate (Science Services) buffer (pH 7.4)*. The contrast
was enhanced by incubation in1% thiocarbohydrazide (Sigma-Aldrich)
for 45 min at 40 °C. The tissue was washed in water and incubated in
1% aqueous osmium tetroxide, washed and further contrasted using
overnight incubation in 1% aqueous uranyl acetate at 4 °C and 2 h at

50 °C. Samples were dehydrated in an ascending ethanol series and
infiltrated with the Araldite epoxy resin LX112 (Ladd Research). Blocks
were cured for 48 h, trimmed (TRIM2, Leica Microsystems) and sec-
tioned at 100-nmthickness using a35° Ultra Diamond Knife (DiATOME)
on an ultramicrotome (UC7, Leica Microsystems). Sections were col-
lected onto 1x 0.5 cm carbon nanotube tape strips (Science Services)
for SEM analysis. For SEMimaging, the samples on tape were attached
to adhesive carbon tape (Science Services) on 4-inch silicon wafers
(Siegert Wafer) and grounded using adhesive carbon tape strips (Sci-
ence Services). EMmicrographs were acquired on a Crossbeam Gemini
340 SEM (ZEISS) with a four-quadrant backscatter detector at 8 kV
using ATLAS 5 Array Tomography (Fibics). Lateral medium-resolution
images (100 nm) allowed the identification of regions of interest that
were in turn reimaged at 4-10-nm lateral resolution. Image analysis
was performed in Fiji”.

Mice perfusion and cell isolation for the 10X Genomics
experiments

For the 10X Genomics experiments, mice were deeply anesthetized
and perfused with cold PBS. Each brain was removed and individu-
ally microdissected under a dissection microscope; the cortex and
hippocampus were isolated from the brain and the attached choroid
plexus was removed. Cells were isolated with a previously established
isolation protocol®® using gentleMACS with the Papain Neural Tissue
Dissociation Kit (Miltenyi Biotec) and actinomycin D (catalog no. A1410,
Sigma-Aldrich) at a final concentration of 45 mM. After dissociation,
myelin debris was removed from the cell suspension using Myelin
Removal Beads Il (Miltenyi Biotec). Cells were resuspended in 0.04%
BSA +PBS and counted using an automated cell counter (TC20, Bio-Rad
Laboratories) before loading onto the Chromium Controller.

Library preparation for the 10X Genomics experiments
Single-cell suspensions were loaded on to the Chromium Single Cell
Controller using the Chromium Single Cell 3’ Library & Gel Bead Kit v.3.1
(10X Genomics) chemistry according to the manufacturer’s instruc-
tions. Sample processing and library preparation were performed
according to the manufacturer’s instructions using AMPure beads
(Beckman Coulter). Libraries were sequenced on the DNBSEQ sequenc-
ing system (Dresden).

Preprocessing and analyses of the 10X Genomics data

The raw sequencing data of each library were processed using Cell
Ranger (10X Genomics) v.3.0 to generate the gene-by-cell unique
molecular identifier (UMI) count matrix. The single-cell gene expres-
sion matrix was imported into the R package Seurat (v.4.3.0). For fur-
ther analysis, cells were excluded according to the total UMI count
(<500 or =50,000); the total detected gene number (=7,500); and the
mitochondrial UMI percentage (=10%). To prevent the influence of the
technical characteristics of the downstream analyses, we performed
SCTransform to normalize the clean UMI matrix. Single-cell cluster-
ingwas done accordingto the vignette (https://github.com/satijalab/
seurat/blob/HEAD/vignettes/sctransform_vignette.Rmd). Variable
features witharesidual variance of more than 1.4 were selected; princi-
palcomponent analysis (PCA) was performed to normalize the matrix.
Cluster markers were identified using the FindAlIMarkers function.
Microglia subclusters were identified using the same parameters
described above. Microglia subcluster compositional analysis was
done using scCODA v.0.1.9 according to the online vignette (https://
sccoda.readthedocs.io/en/latest/getting_started.html). To capture
nuanced yet biologically significant alterations, the false discovery
rate was set at 0.4, as described in the vignette.

Single-cell trajectory construction
The clean UMImatrix of allmicrogliawasimported into the R package
Monocle3 and processed using normalization and PCA analysis. The
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functionslearn_graphand order_cells were used to construct the trajec-
tory. Homeostatic microglia were set as the start point of the trajectory.
The functionchoose_graph_segments was used to determine the path,
with homeostatic microglia as the start point and DAM4 as the end
point. The Moran’s I test was performed in the function graph_test to
find differentially expressed genes (g < 0.05 and Moran’s index > 0.3)
across the selected path. For the slingshot trajectory analysis, the clean
UMI matrix of all microglia was imported into the R package Single-
CellExperiment and processed using normalization and PCA analysis.
A function slingshot was used to construct the trajectory without an
indicated start or end point.

MERFISH

Tissue collection and preparation for MERFISH. Male 5xFAD and
WT litter-mate mice aged 9.5 months were anesthetized using an
isoflurane chamber and film container filled with isoflurane-soaked
cotton fibers and perfused with RNase-free PBS (catalog no. D8537,
Sigma-Aldrich). Next, brains were carefully extracted, cut in half and
frozeninisopentane ondryice. Brains were then stored at —80 °C until
further processing.

Tissue sectioning. Brainsections, 10 pmin thickness, were cut coronally
using a cryotome (CryoStar NX70, Thermo Fisher Scientific) and col-
lected onto glass slides supplied by Vizgen. To ensure proper adhesion,
the glass slides were coated with a solution of 0.1 mg ml™ poly-D-lysine
bromide (catalog no. P7886, Sigma-Aldrich), left to incubate at room
temperature for1hand dried before starting the sectioning.

Gene panel. The gene panel used in this study included 496
protein-coding genes, complemented by 54 blank probes. Within this
gene panel, adiversearray of genes was selected, including recognized
markers associated with brainand immune cell types, such as glial cells,
vascular cells, T cells and macrophages, as well as distinct subtypes
of glutamatergic and GABAergic neurons. Moreover, an assortment
of reactive markers for microglia, astrocytes and oligodendrocytes
wereincluded, drawing from the existing literature; genes pertaining
to cholesterol metabolic pathways and AD-related pathways were
incorporated into the panel. For acomprehensive listing of the entire
gene panel, see Supplementary Table 2.

Hybridization. After sectioning, samples were mounted onslides and
transferred to Petri dishes (60 x 15 mm), with the tissue side facing
upwards. These dishes were stored at the rear of the cryostat, maintain-
ingatemperature of —20 °Cfor aminimum duration of 5 min to ensure
adherence. Next, 5 ml fixation buffer (4% PFA in 1x RNase-free PBS)
was gently added to the Petri dishes within afume hood, followed by a
15-min incubation period at room temperature. Afterwards, samples
were washed with 5 ml RNase-free PBS, three times each for 5 min.
Sampleswere then permeabilized in 5 ml70% ethanol at4 °C overnight,
in parafilm-sealed dishes, and kept under the same conditions for
long-term storage (up to 1 month). For hybridization with the library
(‘gene panel’), samples were washed with 5 ml Vizgen Sample Prep Wash
Buffer and thenincubated in 5 ml Formamide Hybridization Buffer at
37°Cfor30 mininanincubator. The Formamide Hybridization Buffer
was aspirated fromthe tissue and 50 pl of the gene panel mix was added
on top of each tissue. A piece of parafilm with an approximate size
of 1.5 x 1.5 cm was carefully added on top of the liquid to spread the
library mix and protect it from evaporation. The dishes were sealed
with parafilm and placed in a humidified incubator at 37 °C for 36-48 h.
The parafilmwas removed and the samples wereincubated twicein 5 ml
Formamide Hybridization Buffer at 47 °C for 30 min. The samples were
then washed with 5 ml Sample Prep Wash Buffer for 2 min.

Gel embedding. A fresh 10% w/v ammonium persulfate solution
was prepared. For each sample, 5 ml of Gel Embedding Premix was

combined with 25 pl of the 10% ammonium persulfate solution and
2.5 plof N,N,N’,N"-tetramethylethylenediamine. In parallel, one 20-mm
gel-coated coverslip for each sample was cleaned with RNaseZap,
followed by 70% ethanol and dried with Kimwipes. The gel-coated
coverslips were then covered with 100 pl Gel Slick Solution (VWR) for
10 minand wiped dry with Kimwipes. The Sample Prep Wash Buffer was
aspirated from the samples. For each sample, 100 pl of the Gel Embed-
ding Mix was retained in a small tube, while the remainder was added
to the samples and incubated for 1 min. The Gel Embedding Mix was
then poured out from the samples into awaste tube but kept aside on
the bench (to monitor gel formation). The slides were then aspirated
dry, leavingjust enough liquid to keep the tissue from drying out; 50 pl
of theretained Gel Embedding Mix was added on top of the tissue and
the Gel Slick-treated coverslip was placed on top of it using tweezers,
with the Gel Slick-treated side facing down toward the tissue, avoid-
ing air bubbles. Excess Gel Embedding Solution was aspirated from
the sides of the coverslips. The samples were then incubated at room
temperature for 1.5 h to allow the gels to form. Finally, the coverslips
were removed using a hobby blade and tweezers.

Tissue clearing. For each sample, to eliminate lipids and proteins
that would interfere with imaging, 5 ml of the Clearing Premix were
mixed with 50 pl Proteinase K. After the coverslips were removed from
the gel-embedded samples, the clearing solution was added to each
sample and the dishes were sealed with parafilm. Samples were placed
in a humidified incubator overnight at 37 °C. Samples were stored in
the Clearing Premix solution in the 37 °C incubator before imaging
for up to aweek. Samples were imaged after tissue could no longer be
observedinthe gel.

Sample imaging. The Clearing Premix solution was aspirated from
the sample and the sample was briefly washed three times with Sample
Prep Wash Buffer, thenagain for 10 min onarocker and then three more
times briefly. The sample was incubated with 3 ml of the appropriate
first hybridization buffer, including DAPIand polyT reagent, for 15 min
at room temperature on a rocker, covered from light. The sample
was then washed with 5 ml of the Formamide Hybridization Buffer
for 10 min at room temperature on a rocker, covered from light and
then transferred to 5 ml of the Sample Prep Wash Buffer. Theimaging
buffer was prepared by combining the ilmaging buffer, the imaging
buffer activator and the RNase inhibitor at a ratio of 500:2.5:1. The
hybridization buffers appropriate to the gene panel, and the imag-
ing buffers, were loaded onto the MERSCOPE system (Vizgen). The
sample was placed in the flow chamber and connected to the fluidics
system of the MERSCOPE system (Vizgen), taking care to get rid of
air bubbles. A low-resolution mosaic was acquired using a x10 objec-
tive; regions of interest (whole coronal sections) were selected for
high-resolutionimaging witha x60 lens. For high-resolutionimaging,
the focus waslocked to the fiducial fluorescent beads on the coverslip.
Seven 1.5-um-thick Z-planes were taken for each field of view when
imaging the tissue, including for the DAPI channel.

MERFISH data analysis

Raw images were decoded to RNA spots with spatial coordinates and
gene IDs using the Merlin software (Vizgen) on the MERSCOPE instru-
ment. Cell segmentation was performed using CellPose algorithm,
using the DAPI nuclear and polyT total RNA staining channels. The
resulting single-cell gene expression matrices were further analyzed
in R. We performed quality control for each section and excluded cells
with fewer than 30 transcripts or fewer than ten detected genes. Data
were then normalized using SCTransform v.2 normalization; PCA
was calculated based on all 496 measured genes. Next, the dataset
was harmonized for batch effect differences between sections using
Harmony (with 75 principal components as the input). UMAP embed-
ding was computed from the first 40 Harmony dimensions using the
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RunUMAP function. We calculated the shared nearest neighbor graph
based on the first 40 Harmony dimensions (FindNeighbors function),
which was then used to detect clusters using a Louvain algorithm at a
range of resolutions. We annotated cells into major classes based on
the coarse clustering resolution (0.1), and spatial location and regional
identity. To identify T cells, we further subclustered the immune cell
clustersby repeating the PCA, and using graph construction and clus-
tering steps, to reveal a cluster marked by T cell marker genes (Ptprc,
Lck, Cd3e, Cd8a, Nkg7), whichwe added to the cell type annotation. We
used the AddModuleScore function to calculate the ISG expression
score fromthe set of tenknown ISGsincludedin our panel (Stat1, Isgl5,
Rsad2, Usp18, Ifitl, Irf7, Ifitm3, Gbp2, Bst2, Cxcl10). Inthe same manner,
we calculated the MHC-Il expression score based on Cd74, H2-Aa and
H2-Abl. To identify differentially expressed genes in the T cell neigh-
borhoods, we calculated 50 nearest neighbors of every T cell based on
two-dimensional spatial coordinates of cell centroids. We thenidenti-
fied differentially expressed genes between T cell neighbors and the
remaining cells (nonneighbors) using the FindMarkers function with
aWilcoxon rank-sum test.

Behavioral tests
Allbehavioral experiments were done and analyzed by experimenters
who were blinded to the treatments and the genotypes of mice.

Barnes maze. For the Barnes maze spatial memory test, spatial cues
were placed around the maze and these were kept constant throughout
the study. For the baricitinib experiment, all mice from four experi-
mental groups were consecutively subjected to the Barnes maze after
2 weeks, 6 weeks and 12 weeks of baricitinib or control treatment. For
the CD8' T cell depletion experiment, all mice from four experimental
groups were subjected to the Barnes maze before and after 6-week
anti-CD8 antibody or control treatment. The maze consists of acircular
table with circular holes around its circumference. The goal is for the
animaltoreachthebox thatis positioned beneath one of the holes with
the aid of visual cues. In the experiments, the surface of the table was
brightly lit, serving as an aversive stimulus that motivated the mouse
to find (and hide in) the goal box. The goal box location was the same
inall testing runs. Inthe first 2 days of rehabilitation training, all mice
were trained and guided by the same researcher tolocate thebox. Then,
inthe next4 or 7 days, all mice learned where the box was located; the
time needed to find the right aperture withinthe test duration of180 s
was automatically evaluated using video monitoring (EthoVision XT,
Noldus Information Technology). To evaluate spatial memory, aspatial
probe test was administered 24 h after thelast training session. During
the probe test, each mouse was allowed to search for the goal box on
the platform for 180 s. Each test was terminated as soon as the mouse
found the goal box or failed to find it within 180 s.

Open field test. The open field test is used to evaluate the ability for
locomotion and exploration, and the level of anxiety in rodents. All mice
were consecutively subjected to the open field test at different ages.
During the open field test, mice were placed in a brightly illuminated
transparent Plexiglas arena (50 x 50 x 30 cm) inside an enclosed cup-
board. After 1 min of habituation, open field exploration was evaluated
using video monitoring (EthoVision XT) for 15 or 30 min.

Elevated plus maze. The elevated plus maze is used to measure any
differencesin anxiety-related behaviors that canalter performancein
other tests. All mice were consecutively subjected to the elevated plus
maze at different ages. Briefly, the elevated plus maze has two arms
enclosed by walls and two openarms without walls. Entriesinboth the
closed and open arms, and the percentage of time spent in the open
arms, were evaluated using video monitoring (EthoVision XT). Each
mouse was placed in the left closed arm of the maze; after 1 min of
habituation, exploratory activity was recorded for 5 min.

Statistics

For the IHC analysis, 2-3 sections from each animal were analyzed. Data
are shown as the mean + s.e.m. Each dot represents one animal. The
normaldistribution of the samples was tested using the Shapiro-Wilk
test. For the statistical analysis, a paired or unpaired Student’s ¢-test or
Mann-Whitney U-test was used to compare two groups. A two-sided,
one-way ANOVA followed by a Tukey’s post hoc test was used for multi-
ple comparisons. Tests were chosen according to the distribution. Inall
tests, a P < 0.05was considered significant, with*P < 0.05,**P < 0.01and
***P < 0.001. The statistical analyses were done using Prism version 9.3.1
(GraphPad Software). Dataacquisition and analysis were performed in
ablinded manner. No animals were excluded from the analyses.

Reporting summary
Further information on research design is available in the Nature
Portfolio Reporting Summary linked to this article.

Data availability

The datasets we used (scRNA-seq and spatial transcriptomics) are
deposited in the Gene Expression Omnibus database under acces-
sion nos GSE243018 and GSE243120. Source data are provided with
this paper.

Code availability

The code to analyze the scRNA-seq data of this manuscriptis available
on GitHub at https://github.com/Ruoqing-feng/AD_inflammation
(ref.29).
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Extended Data Fig. 1| Characterization of CD8 T cells and disease-associated
and interferon-responsive oligodendrocyte states in SXxFAD mice.

a, Representative image showing CD8" T-cells (green) in the cortex and corpus
callosum of 5xFAD mice aged 10 months. Plaques are stained with Thiazine Red
(ThR, red). Scale bar, 10 pm. Quantifications indicate the number of CD8" T cells.
Statistical significance was determined for n =3 animals using unpaired two-
sided Student’s t-test (GM, WT 10 m,5xFAD 10 m, *p = 0.017; WM, WT 4 m, 5XFAD
4m,*p=0.011; WM, WT 10 m, 5xFAD10 m, **p = 0.0006). b, Representative
image showing STAT1" (grey) CC1" oligodendrocytes (green) in the cortex (upper
panel) and corpus callosum (lower panel) of WT and 5XxFAD mice aged 4 and10
months. Plaques are stained with Thiazine Red (ThR, red). Scale bar, 10 pm.
Quantifications indicate the percentage of CC1* oligodendrocytes also positive

for STATL1. Statistical significance was determined for n = 3-4 animals using
unpaired two-sided Student’s t-test (GM, WT 10 m, 5xFAD10 m, *p = 0.037;, WM,
WT10 m, 5xFAD10 m, *p = 0.040). ¢, Representative image showing Serpina3n*
(grey) CC1 oligodendrocytes (green) in the cortex (upper panel) and corpus
callosum (lower panel) of WT and 5xFAD mice aged 4 and10 months. Plaques are
stained with Thiazine Red (ThR, red). Scale bar 10 pm. Quantifications indicate
the percentage of CC1" oligodendrocytes also positive for Serpina3n. Statistical
significance was determined for n = 3-4 animals using unpaired two-sided
Student’s t-test (GM, WT 10 m, 5xFAD10 m, *p = 0.029; WM, WT 4 m, 5XFAD
4m,*p=0.028; WM, WT 10 m,5xFAD10 m, *p = 0.001). Each point on the graph
represents one animal. Data is presented as mean + SEM.
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Extended Data Fig. 2| Evidence of increased oligodendrocyte proliferationin
SxFAD mice. a-d, Representative image and quantification showing percentage
of EdU* (grey) OLIG2' (green) cells in the cortex and corpus callosum of WT

and SxFAD mice aged 4 and 10 months. Plaques are stained with Thiazine Red
(ThR, red). Scale bar, 10 pm. Statistical significance was determined for n = 3-4
animals using unpaired two-sided Student’s t-test (GM, WT 10 m,5xFAD10 m,
**p=0.0079; WM, WT 10 m, 5xFAD10 m, *p = 0.049). e, Representative image and
quantification showing number of CC1* (green) oligodendrocytes in the cortex
and corpus callosum of WT and SxFAD mice aged 4 and 10 months. Plaques are
stained with Thiazine Red (ThR, red). Scale bar 10 um. Statistical significance
was determined for n = 3-4 animals using unpaired two-sided Student’s t-test
(GM, WT10 m,5xFAD10 m,*p = 0.020; WM, WT 10 m, 5xFAD10 m, n =3 animals,
*p =0.029).f, Representative image and quantification showing number of

BCASI’ (green) oligodendrocytes in the cortex and corpus callosum of WT and
S5xFAD mice aged 4 and 10 months. Plaques are stained with Thiazine Red (ThR,
red). Scale bar, 10 pm. Statistical significance was determined for n = 3-4 animals
using unpaired two-sided Student’s t-test (GM, WT 10 m, 5xFAD 10 m, *p = 0.020;
WM, WT 4 m,5xFAD4 m,*p = 0.024; WM WT10 m,5xFAD10 m,*p=0.039).g,
Representative image and quantification showing number of PDGFRa" (green)
oligodendrocyte precursor cellsin the cortex and corpus callosum (lower panel)
of WT and 5xFAD mice aged 4 and 10 months. Plaques are stained with Thiazine
Red (ThR, red). Scale bar 10 pm. Statistical significance was determined for

n =3-4 animals using unpaired two-sided Student’s t-test (GM, WT 10 m, 5xFAD
10 m, *p =0.026; WM, WT 10 m, 5xFAD 10 m, **p = 0.009). Each point on the graph
represents one animal. Data is presented as mean + SEM.
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Extended Data Fig. 3| Effect of CD8* depletion onbehavior and onamyloid
plaqueload in SXxFAD mice. a, Representative image and quantification showing
number of CD8" T cells in mice (7.5 month-old) treated with anti-CD8 and isotype
control antibodies. Each dot (red) represents one CD8" T cell. Scale bar, 500 pm.
Statistical significance was determined for n = 9-10 animals using unpaired two-
sided Student’s t-test (control, anti-CD8, ***p = 0.001). b, Representative image
showing Ap plaque load (green) in mice (7.5 month-old) treated with anti-CD8
andisotype control antibodies. Scale bar, 500 um. Quantifications indicate
proportion of AP positive area normalized to total areain the cortex. Statistical
significance was determined for n =9 animals using unpaired Student’s t-test.

¢, Representative image and quantification indicating number of BCAS1* (green)
swellings lacking a nucleus (stained with DAPI) in the cortex of 7.5 month-old
S5xFAD mice treated with anti-CD8 and isotype control antibodies. Scale bar,

10 pum. Statistical significance was determined for n = 5 animals using unpaired
two-sided Student’s t-test (control, anti-CD8, *p = 0.038). d, Behavior of 7.5
month-old WT and 5xFAD mice following 6-week treatment with anti-CD8 and

isotype control antibodies in an open-field test. Quantifications indicate fecal
boli count, total distance travelled, frequency to enter the center and cumulative
time spentin the center. Statistical significance was determined for n=9-10
animals by one-way ANOVA with Tukey’s post hoc test. (Fecal boli count, WT,
SxFAD+control, **p = 0.0017; Distance traveled, WT, SxFAD+control,*p = 0.03;
Center enter frequency, SxFAD+control, 5xFAD+anti-CD8, *p = 0.02; Cumulative
durationin center, SxFAD+control, SxFAD+anti-CD8, *p = 0.01). e, Behavior of 7.5
month-old mice following 6-week treatment with anti-CD8 and isotype control
antibodies in an elevated plus maze test. Quantifications indicate fecal boli
count, total distance travelled, total time spentin the open arms and total time
spentinthe closed arms. Statistical significance was determined for n = 9-10
animals by one-way ANOVA with Tukey’s post hoc test. (Fecal boli count, WT,
SxFAD+control, *p = 0.03; Open arm duration, WT, 5xFAD+control, *p = 0.03;
Open arm duration, WT, 5xFAD+anti-CD8, ***p = 0.0001; Close arm duration, WT,
SxFAD+anti-CD8, *p = 0.02). Each point on the graph represents one animal. Data
ispresented as mean + SEM.
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Extended Data Fig. 4 | Treatment withimmune checkpoint blockage
exacerbates oligodendrocyte and myelin damage in 5xFAD mice. a, Image
and quantification showing number of CD8* T cells (green) in the cortex of
control or anti-PD1and CTLA4 (ICB) treated 5xFAD mice. Plaques are stained
with Thiazine Red (ThR, red). Scale bar, 10 um. Statistical significance was
determined for n = 4-5 animals using unpaired two-sided Student’s t-test
(control, ICB, *p = 0.048). b, Image and quantification showing A plaque

load (red) normalized to total area in the cortex for control or anti-PD1and
CTLAA4 (ICB) treated SxFAD mice. Scale bar, 500 pm. Statistical significance was
determined for n = 4-5 animals using unpaired Student’s t-test. ¢, Representative
image and quantification showing percentage of Serpina3n* (grey) CC1* (green)
oligodendrocytes in the cortex of control or anti-PD1and CTLA4 (ICB) treated
SxFAD mice. Plaques are stained with Thiazine Red (ThR, red). Scale bar, 10 pm.
Statistical significance was determined for n = 3-4 animals using unpaired two-
sided Student’s t-test (control, ICB, *p = 0.036). d, SEM images and quantification
of myelinated axons with myelin abnormalities (green) in the cortex of control
or anti-PD1and CTLA4 (ICB) treated SxFAD mice. Statistical significance was
determined for n = 3 animals using unpaired two-sided Student’s t-test (control,
ICB, *p = 0.003). e, Image and quantification showing percentage of EAU" (grey)
OLIG2 (green) cells in the cortex of control or anti-PD1and CTLA4 (ICB) treated

S5xFAD mice. Plaques are stained with Thiazine Red (ThR, red). Scale bar, 10 pm.
Statistical significance was determined for n = 3-5 animals using unpaired
two-sided Student’s t-test (control, ICB, *p = 0.019). f, Image and quantification
indicating percentage of MHCII" (green) IBA1" (grey) cells in the cortex of control
oranti-PD1and CTLA4 (ICB) treated SxFAD mice. Plaques are stained with
Thiazine Red (ThR, red). Scale bar, 10 pm. Statistical significance was determined
for n =4-6 animals using unpaired two-sided Student’s t-test (control, ICB,

*p =0.015). g, Behavior of control or anti-PD1and CTLA4 (ICB) treated SxFAD
miceinanopen-field test. Quantifications indicate fecal boli count, total distance
travelled, frequency to enter the center and cumulative time spent in the center.
Statistical significance was determined for n = 4-5 animals using unpaired
Student’s t-test (Distance traveled, *p = 0.037; Center enter frequency, *p = 0.041;
Cumulative durationin center, *p = 0.014). h, Behavior of control or anti-PD1and
CTLA4 (ICB) treated SxFAD mice in an elevated plus maze test. Quantifications
indicate fecal boli count, total distance travelled, total time spent in the open
armsand closed arms. Statistical significance was determined for n =4-5 animals
using unpaired Student’s t-test (Fecal boli count, *p = 0.036; Distance traveled,
*p=0.037). Each point on the graph represents one animal. Datais presented as
mean + SEM.
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Extended Data Fig. 5| See next page for caption.
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Extended Data Fig. 5| Absence of functional lymphocytes reduces
oligodendrocyte and myelin damage in APP-NLGF mice. a, Representative
image showing CD8" T cells (green) in the cortex of APP-NLGF mice. Scale bar,
10 pm. Quantifications indicate the number of CD8" T cells in the cortex of WT,
APP-NLGF and APP-NLGF X RAGIKO mice aged 12 months. Statistical significance
was determined for n = 3-4 animals by one-way ANOVA with Tukey’s post hoc
test (WT, APP-NLGF, *p = 0.0326; APP-NLGF, APP-NLGF X RAGIKO, *p = 0.032).
b, Representative scanning electron microscopy images of the cortex of WT,
APP-NLGF and APP-NLGF X RAGIKO mice aged 12 months. Myelin abnormalities
areshowningreen. Scale bar, 1 pm. Quantifications indicate total percentage
of myelinated axons with myelin abnormalities. Statistical significance was
determined for n = 3 animals by one-way ANOVA with Tukey’s post hoc test
(WT, APP-NLGF, **p = 0.001; APP-NLGF, APP-NLGF X RAGIKO, **p = 0.004).

¢, Representative image of BCASI' (green) swellings lacking a nucleus (stained

with DAPI) in the cortex of WT, APP-NLGF and APP-NLGF X RAGIKO mice aged 12
months. Scale bar,10 pm. d, Representative image showing EdU" (grey) OLIG2*
(green) cellsinthe cortex of WT, APP-NLGF and APP-NLGF X RAGIKO mice aged
12 months. Plaques are stained with Thiazine Red (ThR, red). Scale bar, 10 pm. e,
Representative image showing MHCII" (green) IBA1" (grey) cells in the cortex of
WT, APP-NLGF and APP-NLGF X RAGIKO mice aged 12 months. Scale bar, 10 pm.
f, Quantifications indicate the number of BCAS1 swellings (WT, APP-NLGF,

***p =0.0008; APP-NLGF, APP-NLGF X RAGIKO, *p = 0.0154), percentage of IBA1"
cells positive for MHCII (WT, APP-NLGF, ***p = 0.0004; APP-NLGF, APP-NLGF X
RAGIKO,***p =0.0008), percentage of OLIG2" cells also positive for EAU (WT,
APP-NLGF,**p = 0.0015; APP-NLGF, APP-NLGF X RAGIKO, *p = 0.0230). Statistical
significance was determined for n = 3 animals by one-way ANOVA with Tukey’s
post hoc test. Each point on the graph represents one animal. Data is presented as
mean + SEM.
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Extended DataFig. 6 | Characterization of MHCII" cells in 5XFAD mice.

a, Representative image showing MHCII" (green) IBA1" cells (grey) in the cortex of
WT and 5xFAD mice aged 4 and 10 months. Plaques are stained with Methoxy-X04
(MX04, red). Scale bar, 10 pm. Quantifications indicate the percentage of

IBAT" cells also positive for MHCII. Statistical significance was determined for

n =3 animals using unpaired two-sided Student’s t-test (WT 10 m, 5xFAD10 m,
**p=0.001). b, Representative image showing MHCII* (green) IBA1" cells (grey)
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inthe corpus callosum of WT and 5xFAD mice aged 4 and 10 months. Plaques

are stained with Methoxy-X04 (MX04, red). Scale bar, 10 pm. Quantifications
indicate the percentage of IBA1" cells also positive for MHCII. Statistical
significance was determined for n =3 animals using unpaired two-sided Student’s
t-test (WT 10 m, 5xFAD10 m, **p = 0.005). Each point on the graph represents one
animal. Datais presented as mean + SEM.
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Extended Data Fig. 7| Characterization of STATI'IBAI" cells in SXxFAD mice.

a, Representative image showing STAT1" (green) IBA1* (grey) microgliain the
cortex of WT and 5xFAD mice aged 4 and 10 months. Plaques are stained with
Methoxy-X04 (MX04, red). Scale bar 10 pm. Quantifications indicate the
percentage of IBA1" microglia also positive for STATI. Statistical significance was
determined for n =3 animals using unpaired two-sided Student’s t-test (WT 4 m,
S5XFAD 4 m,***p =0.000004; WT 10 m, 5xFAD 10 m, ****p = 0.000002).
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b, Representative image showing STAT1'IBA1" cells in the corpus callosum of WT
and 5xFAD mice aged 4 and 10 months. Plaques are stained with Methoxy-X04
(MXO04, red). Scale bar 10 um. Quantifications indicate the percentage of IBA1"
microgliaalso positive for STATL. Statistical significance was determined forn=3
animals using unpaired two-sided Student’s t-test (WT 4 m, 5xFAD 4 m, *p = 0.015;
WT10 m, 5xFAD10 m, **p = 0.001). Each point on the graph represents one
animal. Datais presented as mean + SEM.
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Extended Data Fig. 8 | Characterization of IFNy-activated microglia
signatures in SXxFAD mice. a, Representative image showing B2M* (green)
IBAT cells (grey) in the cortex of WT and SxFAD mice aged 4 and 10 months.
Plaques are stained with Methoxy-X04 (MX04, red). Scale bar,10 pm.
Quantifications indicate the percentage of IBA1" cells also positive for B2M.
Statistical significance was determined for n =3 animals using unpaired two-
sided Student’s t-test (WT 4 m,5xFAD 4 m, *p = 0.023; WT 10 m, 5xFAD10 m,
*p=0.011). b, Representative image showing ISG15" (green) IBA1" cells (grey)
inthe cortex of WT and SxFAD mice aged 4 and 10 months. Plaques are stained
with Methoxy-X04 (MX04, red). Scale bar, 10 pm. Quantifications indicate the
percentage of IBA1" cells also positive for ISG15. Statistical significance was
determined for n = 3 animals using unpaired two-sided Student’s t-test (WT 4 m,
SxFAD 4 m,**p =0.006; WT 10 m,5xFAD 10 m, **p = 0.0001). ¢, Representative
image showing MHCII" (green) STAT1' (magenta) IBA1" (green) cells. Plaques

are stained with Methoxy-X04 (MX04, red). Scale bar, 10 pm. Pie chart shows
mean percentage of MHCII* IBA1" cells positive or negative for STAT1forn =3
animals. d, Representative image showing primary microglia cultures treated
with control (PBS), 1 ng/pL IFNy and 1 ng/pL IFNy with 1 uM baricitinib. Scale
bar,10 pm. Quantifications indicate the percentage of IBA1" cells (green) also
positive for MHCII (red). Statistical significance was determined for n = 3-4
biological replicates by one-way ANOVA with Tukey’s post hoc test (control,
IFNy, *p = 0.036; IFNy, IFNy+baricitinib, *p = 0.040). e, Representative image

of old 24-month old mice injected with PBS (control) and 10 ng IFNy. Scale bar,
10 um. Quantifications indicate the percentage of IBA1 cells (green) also positive
for MHCII (red). Statistical significance was determined for n = 3 animals using
unpaired two-sided Student’s t-test (control, IFNy, **p = 0.0002). Each point on
the graph represents one animal. Data is presented as mean + SEM.
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Extended Data Fig. 9 | Baricitinib treatment results in no change inamyloid
plaqueload and CDS8' T cell numbers. a, Representative image showing

AP plaque load (red) in 9 months old control and baricitinib treated mice.
Quantifications indicate proportion of Ap positive area normalised to total
areainthe cortex. Statistical significance was determined for n = 4-5animals
using unpaired Student’s t-test. b, Representative image showing CD8" T cells
(green) in the cortex of control and baricitinib treated mice (9 month-old). Scale
bar, 10 pm. Quantifications indicate the number of CD8" T cells in the cortex.
Statistical significance was determined for n = 4-5 animals using unpaired
Student’s t-test. ¢, Representative image showing STAT1" (green) IBA1 (grey) cells
in control and baricitinib treated mice (7.5 months old). Plaques are stained with
Methoxy-X04 (MX04, red). Scale bar, 10 pm. Quantifications indicate percentage
of IBAI" cells also positive for STATL. Statistical significance was determined

for n =5 animals using unpaired two-sided Student’s t-test (control,baricitinib,
**p=0.002).d, Representative image showing P2RY12" (red) IBA1* (green) cells
inthe cortex of control and baricitinib treated mice (7.5 month-old). Scale bar,

10 pm. Quantifications indicate percentage of IBA1" cells also positive for P2RY12.
Statistical significance was determined for n = 4 animals using unpaired two-
sided Student’s t-test (Control, Baricitinib, *p = 0.04). e, Representative image
showing STAT1" (green) CAIl* (red) oligodendrocytes in the cortex of control

and baricitinib treated mice (7.5 month-old). Scale bar, 10 um. Quantifications
indicate percentage of CAIl" cells also positive for STATL. Statistical significance
was determined for n = 5animals using unpaired two-sided Student’s t-test
(control, baricitinib, *p = 0.0296). Each point on the graph represents one animal.
Datais presented as mean + SEM.
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Extended Data Fig. 10 | Effects of baricitinib treatment on behavior in SxFAD
mice. Behavior of 5XFAD mice in Barnes Maze following 2 weeks and 6 weeks of
treatment with baricitinib. Quantification of the target quadrant time (%) on the
platform during the training sessions and relative escape latency to the target
holein probe trial. Statistical significance was evaluated for n = 11-13 animals

by one-way ANOVA followed by Tukey’s post hoc analysis using paired t-test
(Relative escape latency, 2 weeks, WT control, 5xFAD control, **p = 0.0007;
Relative escape latency, 2 weeks, SxFAD control, 5XFAD baricitinib, *p = 0.0321).
b, Behavior of 5xFAD mice in an Open Field test following 2 weeks, 6 weeks and
12 weeks of treatment with baricitinib. Quantification of distance travelled on
the platform (upper panel) and the percentage of time spent in center (lower
panel). Statistical significance was evaluated for n = 11-13 animals by one-way
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ANOVA followed by Tukey’s post hoc analysis using paired t-test. ¢, Behavior of
S5xFAD mice in an Elevated Plus Maze test following 2 weeks, 6 weeks and 12 weeks
of treatment with baricitinib. Quantification of time spent in open arms (upper
panel) and the time spent in close arms (lower panel). Statistical significance was
evaluated for n =11-13 animals by one-way ANOVA followed by Tukey’s post hoc
analysis (2 weeks, WT control, 5xFAD control, *p = 0.0115; 2 weeks, WT baricitinib,
SxFAD baricitinib, **0.0004; 6 weeks, WT Control, SxFAD Control, *p = 0.0125;

6 weeks, WT baricitinib, SxFAD baricitinib, **p = 0.00001283; 12 weeks, WT
Control, 5xFAD Control, *p = 0.02; 12 weeks, WT baricitinib, 5XFAD baricitinib,
***p =0.00002062). Each point on the graph represents one animal. Data is
presented as mean + SEM.
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For all statistical analyses, confirm that the following items are present in the figure legend, table legend, main text, or Methods section.
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The exact sample size (n) for each experimental group/condition, given as a discrete number and unit of measurement
A statement on whether measurements were taken from distinct samples or whether the same sample was measured repeatedly

The statistical test(s) used AND whether they are one- or two-sided
Only common tests should be described solely by name; describe more complex techniques in the Methods section.

A description of all covariates tested
A description of any assumptions or corrections, such as tests of normality and adjustment for multiple comparisons

A full description of the statistical parameters including central tendency (e.g. means) or other basic estimates (e.g. regression coefficient)
AND variation (e.g. standard deviation) or associated estimates of uncertainty (e.g. confidence intervals)

For null hypothesis testing, the test statistic (e.g. F, t, r) with confidence intervals, effect sizes, degrees of freedom and P value noted
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For Bayesian analysis, information on the choice of priors and Markov chain Monte Carlo settings
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Software and code

Policy information about availability of computer code

Data collection 1. Confocal images: all images of mouse brain sections were acquired using a Leica TCS SP5 or Zeiss LSM900 confocal microscope.

2. Electron microscopy: Scanning Electron Microscope images were acquired on a Crossbeam Gemini 34 SEM (Zeiss) with a four-quadrant
backscatter detector at 8kV using ATLASS Array Tomography (Fibics). Medium lateral resolution images (100 nm) allowed the identification of
regions of interest that were in turn reimaged at 4-10 nm lateral resolution.

3. Single cell RNA-seq: Animals were flushed with PBS and brains were microdissected under a dissection micrscope. Cells were isolated using
a previously described protocol using gentleMACS with Neural Tissue Dissociation Kit and actinomycinD. Myelin debris was removed using
Myelin Removal Beads Il (Miltenyi Biotec). Cells were counted using TC20 Bio-Rad before loading to Chromium Controller.

4. MERFISH: Vizgen microscope system was used for image acquisition.

Data analysis 1. Confocal images: all the image analysis and image processing were done using Imaris (64x version 9.2.0) and ImageJ 1.41 image processing
softwares.

2. Electron microscopy images: Image analysis was performed in Fiji.

3. Single cell RNA-seq data analysis: The raw sequencing data of each library was processed by Cell Ranger (10X Genomics) 3.0 to generate the
gene-by-cell unique molecular identifier (UMI) count matrix. The single cell gene expression matrix was imported into R package Seurat
(4.3.0). For further analysis, cells were excluded according to total UMI count (less or equal than 50000); total detected gene number (less or
equal than 7500); and mitochondrial UMI percentage (less than 10%). To prevent the influence of technical characteristics of downstream
analyses, we performed the SCTransform to normalize the clean UMI matrix. The single cell clustering was done according to the vignette
(https://satijalab.org/seurat/articles/sctransform_v2_v

ignette.html). The variable features were selected with residual variance more than 1.4, the principal component analysis (PCA) was




performed to normalized matrix. The cluster markers were identified by the FindAlIMarkers function. Microglia subclusters were identified
using the same parameters described above. Microglia subcluster compositional analysis was done by scCODA v.0.1.9 according to the online
vignette (https://sccoda.readthedocs.io/en/latest/getting_started.html). To capture nuanced yet biologically significant alterations, the false
discovery rate (FDR) was established at 0.4, as described in above vignette. The code to analyze the scRNA-seq data of this manuscript is
available on GitHub: https://github.com/Ruoging-feng/AD_inflammation.

4. Single cell trajectory construction: The clean UMI matrix of all microglia were imported to R package Monocle3 and processed with
normalization and PCA analysis. Functions learn_graph and order_cells were used to construct the trajectory. Homeostatic microglia were set
as the start point of the trajectory. The function choose_graph_segments was used to determine the path with homeostatic microglia as the
start point and DAM4 as the end point. Moran’s | test was performed in function graph_test to find differentially expressed genes (q value less
than 0.05 and Moran’s index more than 0.3) across the selected path. For Slingshot trajectory analysis, the clean UMI matrix of all microglia
was imported to R package SingleCellExperiment and processed with normalization and PCA analysis. Function slingshot was used to construct
the trajectory without an indicated start or end point.

5. MERFISH: Raw images were decoded to RNA spots with spatial coordinates and gene id using Vizgen's Merlin software on the Merscope
instrument. Cell segmentation was performed using CellPose algorithm, using DAPI nuclear and PolyT total RNA staining channels. Resulting
single cell gene expression matrices were further analyzed in R.

4. Statistical analyses were done using GraphPad Prism 9.3.1 (GraphPad Software, Inc.).

For manuscripts utilizing custom algorithms or software that are central to the research but not yet described in published literature, software must be made available to editors and
reviewers. We strongly encourage code deposition in a community repository (e.g. GitHub). See the Nature Portfolio guidelines for submitting code & software for further information.
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The data supporting the findings of this study are available in a publicly available repository.
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Sample size No power analyses were used to predetermine sample sizes. However, sample sizes were chosen based on prior literature using similar
experimental paradigms.

Data exclusions  No data were excluded from analysis.

Replication For all mouse experiments, 3-6 independent biological replicates per condition were processed and replicated independently. We confirm
that all independent attempts were successful.

Randomization  The allocation of samples including brain sections was random.

Blinding All data acquisition and analyses was done blinded. Except for the electron microscopy analyses of wild-type and 5XFAD, the plagues were
visible, leading to unblinding.
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Materials & experimental systems Methods

Involved in the study n/a | Involved in the study
Antibodies [ ] chip-seq

[] Eukaryotic cell lines [ ] Flow cytometry

|:| Palaeontology and archaeology |:| MRI-based neuroimaging

Animals and other organisms
Human research participants
[] Clinical data

[ ] Dual use research of concern

XXOOXXOS

Antibodies

mouse anti-APC clone CC1(Millipore, OP80-100UG, 1:100)
rabbit anti-B2m (abcam, ab75853-100ul, 1:100)

rabbit anti-STAT1 (Cell Signaling Technology, 14994S, 1:100)
rat anti-CD8 (Biolegend, 100702, 1:100)

rabbit anti-lbal (Wako, 234 004, 1:250)

chicken anti-lbal (Synaptic Systems, 234009, 1:400)

mouse anti-B-Amyloid1-11 (Biolegend, 835104, 1:1000)
goat anti-Serpina3n (Bio-Techne, AF4709, 1:100)

rabbit anti-Olig2 (Millipore, AB9610, 1:250)

10. anti-PDGF-Ralpha (R&D Systems, AF1062 1:100)

11. rat anti-MHCII (Invitrogen, 14-5321-82, 1:100)

12. mouse anti-ISG15 (F-9) (Santa Cruz, sc-166755, 1:100)

13. rat anti-MBP (Abcam, ab7349, 1:300)

14. chicken anti-MBP (Invitrogen, PA1-10008, 1:400)

15. rabbit anti-BCAS1 (generated against amino acids 1-667 of mouse BCAS1, custom-made by Synaptic Systems, Gottingen, 1:500),
16. mouse anti-MAG clone 513 (Millipore, MAB1567, 1:200)

Antibodies used

LNV~ WN R

. anti-mouse 488 (Thermo Fisher Scientific, A-21202, 1:500)

. anti-mouse 555 (Thermo Fisher Scientific, A-21422, 1:500)

. anti-mouse 647 (Thermo Fisher Scientific, A-21235, 1:500)

. anti-rabbit 488 (Thermo Fisher Scientific, A-11008,1:500)

. anti-rabbit 555 (Thermo Fisher Scientific, A-21428, 1:500)

. anti-rat 555 (Thermo Fisher Scientific, A-21434, 1:500)

. anti-goat 555 (Thermo Fisher Scientific, A-21432, 1:500)

. anti-goat 647 (Thermo Fisher Scientific, A-32849, 1:500)

. donkey anti-rat 488 (Thermo Fisher Scientific, A-21208, 1:500)
10. donkey anti-rabbit 647 (Thermo Fisher Scientific, A-31573, 1:500)
11. donkey anti-goat 555 (Thermo Fisher Scientific, A-32816, 1:500)

W o U WN

InVivoPlus anti-mouse CD8 antibody, BioXCell, BPO0O61

InVivoPlus rat 1gG2b istotype control, anti-keyhole limpet hemocyanin, BioXCell, BPOOS0
InVivoPlus anti-mouse PD-1, BioXCell, BP0146

InVivoPlus anti-mouse CTLA-4, BioXCell, BP0131

InVivoMAD rat 1gG2a isotype control, anti-trinitrophenol, BioXCell, BEOO89

InVivoPlus polyclonal Syrian hamster 1gG, BioXCell, BPOO87

Validation All the primary antibodies were validated by extensive previous studies and by the manufacturers.

. https://www.merckmillipore.com/DE/en/product/Anti-APC-Ab-7-Mouse-mAb-CC-1,EMD_BIO-OP80

. https://www.abcam.com/products/primary-antibodies/beta-2-microglobulin-antibody-ep2978y-ab75853.html
. https://www.cellsignal.com/products/primary-antibodies/stat1-d 1k9y-rabbit-mab/14994

. https://www.biolegend.com/en-us/products/purified-anti-mouse-cd8a-antibody-157

. https://labchem-wako.fujifilm.com/europe/product/detail/W01W0101-1974.html

. https://www.sysy.com/product/234009#list

. https://www.biolegend.com/en-us/products/purified-anti-beta-amyloid-1-11-antibody-13722

. https://www.bio-techne.com/p/antibodies/mouse-serpin-a3n-antibody _af4709

. https://www.merckmillipore.com/DE/en/product/Anti-Olig-2-Antibody,MM_NF-AB9610

10. https://www.rndsystems.com/products/mouse-pdgf-ralpha-antibody_af1062

11. https://www.thermofisher.com/antibody/product/MHC-Class-Il-I-A-I-E-Antibody-clone-M5-114-15-2-Monoclonal/14-5321-82
12. https://www.scbt.com/p/isg15-antibody-f-9

13. https://www.abcam.com/products/primary-antibodies/myelin-basic-protein-antibody-12-ab7349.html

14. https://www.thermofisher.com/antibody/product/MBP-Antibody-Polyclonal/PA1-10008

15. ncbi.nlm.nih.gov/pmc/articles/PMC7116798/
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16. https://www.merckmillipore.com/IN/en/product/Anti-Myelin-Associated-Glycoprotein-Antibody-clone-513, MM_NF-MAB1567

Secondary antibody:

1. https://www.thermofisher.com/antibody/product/Donkey-anti-Mouse-1gG-H-L-Highly-Cross-Adsorbed-Secondary-Antibody-
Polyclonal/A-21202

2. https://www.thermofisher.com/antibody/product/Goat-anti-Mouse-lgG-H-L-Cross-Adsorbed-Secondary-Antibody-Polyclonal/
A-21422

3. https://www.thermofisher.com/antibody/product/Goat-anti-Mouse-lgG-H-L-Cross-Adsorbed-Secondary-Antibody-Polyclonal/
A-21235

4. https://www.thermofisher.com/antibody/product/Goat-anti-Rabbit-lgG-H-L-Cross-Adsorbed-Secondary-Antibody-Polyclonal/
A-11008

5. https://www.thermofisher.com/antibody/product/Goat-anti-Rabbit-IgG-H-L-Cross-Adsorbed-Secondary-Antibody-Polyclonal/
A-21428

6. https://www.thermofisher.com/antibody/product/Goat-anti-Rat-IgG-H-L-Cross-Adsorbed-Secondary-Antibody-Polyclonal/A-21434
7. https://www.thermofisher.com/antibody/product/Donkey-anti-Goat-IgG-H-L-Cross-Adsorbed-Secondary-Antibody-Polyclonal/
A-21432
8.https://www.thermofisher.com/antibody/product/Donkey-anti-Goat-IgG-H-L-Highly-Cross-Adsorbed-Secondary-Antibody-
Polyclonal/A32849

9. https://www.thermofisher.com/antibody/product/Donkey-anti-Rat-IgG-H-L-Highly-Cross-Adsorbed-Secondary-Antibody-
Polyclonal/A-21208

10. https://www.thermofisher.com/antibody/product/Donkey-anti-Rabbit-lgG-H-L-Highly-Cross-Adsorbed-Secondary-Antibody-
Polyclonal/A-31573

11. https://www.thermofisher.com/antibody/product/Donkey-anti-Goat-1gG-H-L-Highly-Cross-Adsorbed-Secondary-Antibody-
Polyclonal/A32816

In vivo treatment:

https://bioxcell.com/invivoplus-anti-mouse-cd8a-bp0061
https://bioxcell.com/invivoplus-rat-igg2b-isotype-control-anti-keyhole-limpet-hemocyanin
https://bioxcell.com/invivoplus-anti-mouse-pd-1-cd279-bp0146
https://bioxcell.com/invivomab-anti-mouse-ctla-4-cd152-be0131
https://bioxcell.com/invivomab-rat-igg2a-isotype-control-anti-trinitrophenol-be0089
https://bioxcell.com/invivoplus-polyclonal-syrian-hamster-igg-bp0087

Animals and other organisms

Policy information about studies involving animals; ARRIVE guidelines recommended for reporting animal research

Laboratory animals

Wild animals
Field-collected samples

Ethics oversight

Mouse: C57BL/6J Janvier Labs N/A age 3,12,18,24 months

Mouse: B6.Cg-Tg(APPSwFILon,PSEN1*M146L*L286V)6799Vas/Mmijax (5XFAD) age 4,6,10 months
Mouse: Apptm3.1Tcs (APP NL-G-F) age 12 months

Mouse: B6.12957-Ragltm1Mom/J (Ragl KO) age 12 months from Jackson Laboratory

No wild animals were used in the study.
No field collected samples were used in the study.

All mouse experiments in this study were performed with the approval and according to the regulations of the District Government
of Upper Bavaria and reported according to guidelines. CNS tissue was obtained from the archives of the Institute of Neuropathology
at the University Medical Centre Goettingen. The study was approved by the local ethics committee (39/2/19)

Note that full information on the approval of the study protocol must also be provided in the manuscript.

Human research participants

Policy information about studies involving human research participants

Population characteristics

Recruitment

Ethics oversight

Describe the covariate-relevant population characteristics of the human research participants (e.g. age, gender, genotypic
information, past and current diagnosis and treatment categories). If you filled out the behavioural & social sciences study
design questions and have nothing to add here, write "See above."

Describe how participants were recruited. Outline any potential self-selection bias or other biases that may be present and
how these are likely to impact results.

Identify the organization(s) that approved the study protocol.

Note that full information on the approval of the study protocol must also be provided in the manuscript.
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