





Extended Data Fig. 8 | Depletion strategy of ME-Macs.  a, Schematic of
-CSF1R (AFS98) and -CCR2 (MC21) treatment. Tissues were analysed

24 h and 5 d post-treatment, at site of injection (local) or 3 cm distant (distal).
b, FACS gating strategy of immune cell phenotyping (macrophages,
monocytes, B cells, eosinophils, neutrophils and DC) in ME, LP, blood and
dura mater post- -CSF1R/ -CCR2 treatment vs IgG. c , Absolute cell counts
of CX3CRICD115Ly6C°MHCII" ME-Macs, CX3CRICD11B5Ly6C"MHCII"
monocytes, CD19" B cells, CD11KH.y6G" neutrophils, CD11b*SiglecF"
eosinophils in ME and LP; CD116CD103' DC in LP; CX3CRTD115Ly6C"
monocytes ' CD3' T cells, CD19 B cells, CD11KH.y6G" neutrophils and
CD11BSiglecF" eosinophils in blood; CX3CR1'CD1165Ly6C macrophages,
CD1165Ly6C* monocytes and CD11¢CD103" DC in dura mater. n = 4 mice for
1gG (except n = 3 for ME macrophages, local and distal 5 d; ME monocytes, local

and distal 5 d; LP B cells and eosinophils local 5 d; ME B cells, local and distal 5 d;
ME neutrophils, local and distal 5 d; LP B cells and eosinophils, distal 5 d,

ME eosinophils, local and distal 5 d, LP macrophages local and distal 5 d; LP
neutrophils, monocytes and dendritic cells, local 5 d; LP monocytes, dendritic
cells and neutrophils, distal 5 d; blood monocytes, T cells, B cells eosinophils,
neutrophils, 5 d; dura macrophages, monocytes and dendritic cells5d. n=3
mice for -CSF1R, -CCR2 and -CSF1R/-CCR2 per time point. 1 experiment
per time point, data analysed using 1way ANOVA with Bonferroni’s multiple
comparison test if applicable, Kruskal-Wallis with Dunn’s multiple comparison
test or Welch’s 1way ANOVA with Dunnett’s multiple comparison test. d , FACS
plots of CD11b"CX3CR1 microglia and CD163" BAM at 5 d post treatment.
Data are mean = s.e.m.
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Reporting Summary

Nature Portfolio wishes to improve the reproducibility of the work that we publish. This form provides structure for consistency and transparency
in reporting. For further information on Nature Portfolio policies, see our Editorial Policies and the Editorial Policy Checklist.
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Statistics

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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|X| The exact sample size (n) for each experimental group/condition, given as a discrete number and unit of measurement
|X| A statement on whether measurements were taken from distinct samples or whether the same sample was measured repeatedly

|X| 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.

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

|X| 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)

|X| For null hypothesis testing, the test statistic (e.g. F, t, r) with confidence intervals, effect sizes, degrees of freedom and P value noted
Give P values as exact values whenever suitable.

|:| For Bayesian analysis, information on the choice of priors and Markov chain Monte Carlo settings

|:| For hierarchical and complex designs, identification of the appropriate level for tests and full reporting of outcomes

XXX OO 000000

|:| Estimates of effect sizes (e.g. Cohen's d, Pearson's r), indicating how they were calculated

Our web collection on statistics for biologists contains articles on many of the points above.

Software and code

Policy information about availability of computer code

Data collection  FACSDiva software 4.0 (BD Biosciences)
Zen Blue software Version 3.3 (Zeiss), Zen Black software Version 2.3 (Zeiss) and LAS X 5.1.0 (Leica)
Cellranger count (v.6.0)
QuPath (v0.5.0)
Stereolnvestigator
Decombinator (https://zenodo.org/records/13684764)

Data analysis Prism 9.3.1. (GraphPad Software Inc)
Fiji Software 2.14.0 (NIH) and Imaris Cell Imaging Software (10.0)
FlowJo 10 (Treestar)
R (4.0); 10X Genomics CellRanger (version 6); Seurat (4.3); ClusterProfiler (4.12.6); Nichenetr (2.2.0). Reads were aligned using the GRCm39
(mm39) mouse genome.
Pythonv3.12.4
Plotly v6.4.0
Scipy 1.16.2
DIA-NN version 1.8
CURTAIN version 2.0 https://curtain.proteo.info/
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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.




Data

Policy information about availability of data
All manuscripts must include a data availability statement. This statement should provide the following information, where applicable:

- Accession codes, unique identifiers, or web links for publicly available datasets
- A description of any restrictions on data availability

- For clinical datasets or third party data, please ensure that the statement adheres to our policy

Uniprot SwissProt Mouse database
TCR raw data is available at the Sequence Read Archive (SRA), accession number PRINA1321765. Single cell sequencing raw data is available at the Gene Expression
Omnibus (GEO), accession number GSE307000. Proteomics raw data is available at the Proteomics Identifications Database (PRIDE), accession number PXD069218.

Research involving human participants, their data, or biological material

Policy information about studies with human participants or human data. See also policy information about sex, gender (identity/presentation),
and sexual orientation and race, ethnicity and racism.

Reporting on sex and gender Information regarding sex is included in Supplementary Table 1a; however, sex was not taken into consideration when
including patient samples. Findings did not apply to only one sex.

Reporting on race, ethnicity, or N/A
other socially relevant

groupings

Population characteristics We refer to Supplementary Table 1 for a detailed overview

Recruitment Samples were selected based on neuropathological examination and availability of the tissues, which is unlikely to have
impacted the results and conclusions.

Ethics oversight All tissue samples were donated with the full, informed consent. Accompanying clinical and demographic data of all cases

used in this study were stored electronically in compliance with the 1998 data protection act. Ethical approval for the study
was obtained from the NHS research ethics committee (NEC) and in accordance with the human tissue authority’s (HTA’s)
code of practice and standards under license number 12198, with an approved material transfer agreement. Consent has
been obtained for sharing of individual-level data. Use of TPCL-derived human tissues was approved by the University of
California Los Angeles Institutional Review Board, which waived the informed consent requirement for specimens acquired
from the TPCL (IRB 11-002504). Specimens were deidentified and age was provided as a 5-year age range.

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

Field-specific reporting

Please select the one below that is the best fit for your research. If you are not sure, read the appropriate sections before making your selection.

|X| Life sciences |:| Behavioural & social sciences |:| Ecological, evolutionary & environmental sciences

For a reference copy of the document with all sections, see nature.com/documents/nr-reporting-summary-flat.pdf

Life sciences study design

All studies must disclose on these points even when the disclosure is negative.

Sample size Study sizes were based on comparable experiments previously published (for example, Kim et al 2019 Neuron, Challis et al 2020 Nat Neuro)

Data exclusions  All data points were included in the analysis. Following an outlier test, only data points that were identified as outliers based on GraphPad
Prism's ROUT Q=1% function were excluded from the study.

Replication All presented data are representative of the same experiment performed in at least 3 animals, unless otherwise stated. All experiments were
replicated in at least 2 independent experiments, unless otherwise stated.

Randomization  Animals were randomly assigned to different experimental groups.

Blinding Experiments were blinded to the genotype of the animal as well as the treatment of the animal. Experiments involving human sections were
blinded to the demographics of the patients.

Reporting for specific materials, systems and methods
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We require information from authors about some types of materials, experimental systems and methods used in many studies. Here, indicate whether each material,
system or method listed is relevant to your study. If you are not sure if a list item applies to your research, read the appropriate section before selecting a response.

Materials & experimental systems Methods
Involved in the study n/a | Involved in the study
Antibodies X[ ] chip-seq
Eukaryotic cell lines |:| |Z| Flow cytometry
Palaeontology and archaeology |Z| |:| MRI-based neuroimaging

Animals and other organisms
Clinical data
Dual use research of concern
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Antibodies

Antibodies used For Immunohistochemistry:
anti-GFP Abcam AB13970, 1:1000
CD3 BD Pharmingen 553238 1:100
CD3 Invitrogen 16-0031-82, 1:100
CD3 Biolegend 100209, 1:100
CD3 Biolegend 100240, 1:100
CD4 Abcam AB183685, 1:100
CD4 Cell Marque 102R, 1:50
CD68 Bio-Rad MCA341R, 1:100
CTSB Cell Signaling 31718S, 1:400
GRN R&D Systems AF2557, 1:100
HuC/D Donation from Prof. V. Lennon, Mayo Clinic, 1:20000
Ibal Abcam AB225261, 1:500
Ibal Novus Biologicals NB100-1028, 1:500
Ibal Synaptic Systems 234308, 1:500
LAMP1 Abcam AB25245, 1:500
LAMP1 Abcam AB208943, 1:500
MHC-II Sigma-Aldrich (Merck) MABF33, 1:500
Neun Abcam AB104225, 1:300
s129p [EP1536Y] Abcam AB51253, 1:20000
s129p [MJF-R13] Abcam AB168381, 1:1000
s129p Biolegend 825701, 1:10000
Bl tubulin Abcam AB78078, 1:300
Bl tubulin Abcam AB18207, 1:300
Ccr2 Abcam AB273050, 1:50
CD163 Invitrogen 14-1631-82, 1:300
GFAP Abcam AB4674, 1:500
CD209 (human) ThermoFisher MA5-15746, 1:500
2F12 (human) Merck MABN1817 1:1000
LAMP1 (human) Abcam AB24170, 1:500
TH ImmunoStar 22941, 1:1000
TH Abcam AB112, 1:300
ChAT Sigma-Aldrich AB144P 1:500

Invitrogen A31553 goat Alexa Fluor 405, 1:500
Invitrogen A48257 donkey Alexa Fluor 405, 1:500
Invitrogen A11016 donkey Alexa Fluor 405, 1:500
Invitrogen A11039 goat Alexa Fluor 488, 1:500
Invitrogen A11055 donkey Alexa Fluor 488, 1:500
Invitrogen A21110 goat Alexa Fluor 488, 1:500
Invitrogen A11006 goat Alexa Fluor 488, 1:500
Invitrogen A21208 donkey Alexa Fluor 488, 1:500
Invitrogen A32758 donkey Alexa Fluor 594, 1:500
Invitrogen A11076 goat Alexa Fluor 594, 1:500
Invitrogen A11014 goat Alexa Fluor 594, 1:500
Invitrogen A11037 goat Alexa Fluor 594, 1:500
Invitrogen A11007 goat Alexa Fluor 594, 1:500
Invitrogen A21235 goat Alexa Fluor 647, 1:500
Invitrogen A21245 goat Alexa Fluor 647, 1:500
Invitrogen A31573 donkey Alexa Fluor 647, 1:500
Invitrogen A21247 goat Alexa Fluor 647, 1:500
2B Scientific BA-9200 goat Biotinylated, 1:200

For flow cytometry:
CX3CR1 - BV421 Biolegend 149023 1:500
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CD45 - BUV395 BD Biosciences 564279 1:400
Live fixable near IR dye 780 Invitrogen 65-0865-14 1:1000
CD3 - FITC Biolegend 100204 1:500

CD3 - FITC BD Biosciences 555274 1:500

CD8 - PE BD Biosciences 553032 1:500

Ly-6C - BV711 Biolegend 128037 1:400

Ly-6C - APC/Cy7 BD Biosciences 560596 1:100
MHC-II - PE Biolegend 107608 1:500

MHC-II - PerCP/Cy5.5 Biolegend 107626 1:300
CD11b - PE/Cy7 BD Biosciences 552850 1:50
CD11c - APC Biolegend 117310 1:100

CD115 (CSF1R) - PE BD Biosciences 565249 1:400
CD11c - APC BD Biosciences 550261 1:500

CD4 - PE/Cy7 Biolegend 100422 1:100
Amytracker 680 Ebba Biotech EBB-A680 1:1000
CD163 - PE/Cy7 Biolegend 156707 1:100

Ccr2 - PE RD Systems FAB5538P 1:500

CD64 - APC Biolegend 139306 1:200

CD3 - BV421 Biolegend 100228 1:100

CD19 - BV711 Biolegend 115555 1:100

CD19 - APC BD Biosciences 550992 1:100
Ly-6G - BV711 Biolegend 108443 1:300

Ly-6G - APC Biolegend 127613 1:300

F4/80 - FITC Biolegend 123107 1:200
SiglecF-PE Miltenyi Biotec 130-102-274 1:100
Ly-6C - AF488 Biolegend 128022 1:200

CD103 - PE BD Biosciences 566844 1:500
CD163 - PE Biolegend 156704 1:500

CD163 - PE Biolegend 155308 1:500

DAPI BD Biosciences 564907 1:10000
PerCP/Cy5.5 BD Biosciences G1118TA 1:300

PE Rat IgG2a « Isotype Ctrl, Biolegend, 400507 1:400
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Validation All antibodies were validated by the manufacturer and came with a certificate of analysis stating that the product has met all quality
control standards. The tissues and species for which the antibodies were validated are reported bellow:
anti-GFP (Abcam AB13970, validation in knockout cells)

CD3 (Invitrogen 16-0031-82, validation for IHC in T-cells in mouse spleen)
CD3 (Biolegend 100209 and Biolegend 100209, validation for IHC in T-cells in mouse thymocytes)
CD4 (Abcam AB183685, validation for IHC in mouse spleens)

CD68 (Bio-Rad MCA341R, validation for IHC in rat lymph node)

CSTB (Cell Signalling 31718S, validation for IHC in human colon)

GRN (R&D Systems AF2557, validation for IHC in mouse kidney)

Ibal (Abcam AB225261, validation for IHC in mouse brain)

Ibal (Novus NB100-1028, validation in knockout cells / animals)

Ibal (Synaptic Systems 234308, validation for IHC in mouse brain)

LAMP1 (Abcam AB25245, validation for IHC in human lung)

LAMP1 (Abcam AB208943, validation for IHC in mouse kidney)

MHCII (eBioscience 14-5321-82, validation for IHC in mouse splene)

Neun (Abcam AB104225, validation for IHC in mouse brain)

s129p [EP1536Y] (Abcam AB51253, validation for IHC in mouse brain)
s129p [MJF-R13] (Abcam AB168381, validation for IHC in mouse brain)
s129p (Biolegend 825701, validation for IHC in mouse brain)

Blll (Abcam AB78078, validation for IHC in mouse brain)

Bl (Abcam AB18207, validation for IHC in mouse brain and knockout cells)
CCR2 (Abcam AB273050, validation in knockout cells / animals)

CD163 (Invitrogen 14-1631-82, validation for IHC in mouse spleen)

GFAP (Abcam AB4674, validation for IHC in mouse brain)

CD209-human (ThermoFisher MA5-15746, validation for IHC in human lymph node)
LAMP1-human (Abcam AB24170, validation for IHC in human kidney)

TH (ImmunoStar 22941, validation for IHC in human brain)

TH (Abcam AB112, validation for IHC in mouse brain)

Animals and other research organisms

Policy information about studies involving animals; ARRIVE guidelines recommended for reporting animal research, and Sex and Gender in
Research

Laboratory animals Mice were used in this study:
C57BL/6J, MGI: 3028467 (age 12 weeks - 28 weeks)
3KL Tg(Thy1-SNCA*E35K*E46K*E61K)3798Nuber, MGI: 6281748 (age 12 weeks - 24 weeks)
aSyn-GFP mice: Sncatm1.1Kluk/J, MGI: J:302425 (age 12 weeks - 28 weeks)
Vav-H2B-Dendra2 (Prof. Oliver Pabst, Aachen University) (age 12 weeks - 28 weeks)
Cx3crl:cre-ERT2, MGI:5467985 (age 30 weeks)
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Tgfblloxp, MGI:6331235 (age 30 weeks)

Wild animals No wild animals were used in this study.
Reporting on sex Both male and female mice were used in this study.
Field-collected samples  No field collected samples were used in this study.

Ethics oversight All experiments were performed in accordance with the UK Animal (Scientific Procedures) Act, 1986 and following local ethical
advice. Experimental procedures were approved by the UK Home Office and ethical approval was granted through consultation with
veterinary staff at University College London (UCL).

Note that full information on the approval of the study protocol must also be provided in the manuscript.
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Seed stocks N/A

Novel plant genotypes ~ N/A

Authentication N/A

Flow Cytometry

Plots

Confirm that:
|X| The axis labels state the marker and fluorochrome used (e.g. CD4-FITC).

|X| The axis scales are clearly visible. Include numbers along axes only for bottom left plot of group (a 'group' is an analysis of identical markers).
|Z| All plots are contour plots with outliers or pseudocolor plots.

|X| A numerical value for number of cells or percentage (with statistics) is provided.

Methodology

Sample preparation Mice were anesthetised using pentobarbital and were transcardially perfused with 15 mL of ice-cold filtered PBS. Collected
tissues were stored in ice-cold RPMI-1640 (Gibco) completed with 5% FBS (Gibco) and 20mM HEPES (Gibco). ME: To obtain
single cell suspensions, peeled ME was cut in 1-2 mm pieces and digested with 2 mg/mL Collagenase type IV and 0.8 mg/mL
dispase in RPMI (Gibco) supplemented with 2% HEPES (Gibco), 2% FBS (Gibco), and 50ug/mL DNase for 1h at 37°C with
continuous agitation. The single cell suspensions were then homogenised with a potter grinder and strained through 70 pm
cell strainers (BD Falcon). LP: The remaining tissue following isolation of the ME, containing the lamina propria and
submucosa layers, was washed with ice-cold HBSS (Gibco) supplemented with mM DTT (Sigma-Aldrich), 1 mM EDTA
(Invitrogen), and 20 mM HEPES for 8 min. Single cell suspensions of LP were prepared by digestion with 0.85 mg/mL
Collagenase Type V (Sigma-Aldrich) in MEMa (Lonza) supplemented with 2% HEPES, B-mercaptoethanol (Gibco) and DNase
for 30 min at 37°C with continuous agitation. Brain and dura: Brains were quickly isolated from the skull, and brainstem was
dissected from the rest of the brain tissue on ice using chilled instruments. The dorsal part of the skull was carefully removed
and meningeal dura mater was peeled off of the skull cap. The tissues were finely chopped using chilled razorblades and
transferred to tubes containing ice-cold RPMI-1640 supplemented with 10% FBS and 20mM HEPES medium. Single-cell
suspensions from brainstem were prepared using the Dissociation kit (Miltenyi Biotech) according to the manufacturer’s
instructions and 63. Tissue chunks were pelleted by centrifugation at 300g for 2 min at 4°C followed by medium removal and
resuspension in a mix of buffer Z with enzymes A, P and Y. For digestion of meningeal dura mater, chopped tissue was
resuspended in 0.5 mg/mL Collagenase P, 0.8 mg/mL Dispase Il and 250 U/mL DNAsel and digested for 30 min. Single cell
suspensions from all tissues were then blocked with rat anti-mouse CD16/CD32 antibodies (BD Biosciences) used at the
recommended dilution for 12 min before incubation with primary antibodies diluted at recommended dilutions in FACS
buffer (PBS, 2% FBS, 0.78 mM EDTA) containing Fc block for 20 min at 4°C. Dead cells were excluded using Live/Dead near-IR
dye staining (Invitrogen) diluted in PBS or DAPI. Precision Count Beads (BioLegend) were used for absolute cell counting and
analysed using the following formula: absolute cell count (cells/ um) = cell count/beads count * bead concentration. Flow
cytometry data were analysed using FACSDiva software (v4.0) and FlowJo software (Treestar).

Cell sorting was performed on a BD Aria Ill (BD Biosciences). For scRNAseq (Fig. 4) and proteomics (Fig. 1), live
CX3CR1hiCD11bposCD11c- ME-Macs and CD3+ cells (Extended Data Fig. 6a) were sorted in DMEM supplemented with 30%
FBS and resuspended in PBS with 0.04% BSA.
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Instrument BD LSRFortessa™ X-20 Cell Analyzer (for flow cytometric analysis of cells) and BD FACSAria™ Il (for cell sorting)




Software BD FACSDiva™ Software v4.0
FlowJo™ v10

Cell population abundance Single-cell suspensions were incubated with DAPI or Fixable Viability Dye eFluor 780 to exclude dead cells. Positive
populations were gated based on negative control staining. In general, populations are given as a percentage of live, CD45+
cells, or as absolute cell numbers, unless otherwise stated.

Gating strategy All cell populations were gated as single, liver cells, determined by FSC-A
/FSC-H followed by viability dye or DAPI -negative staining.
Muscularis Externa and Lamina Propria macrophages: gated as CD11b+, CX3CR1+CD64+, LY6C-MHC-Il+.
Muscularis Externa and Lamina Propria monocytes: gated as CD11b+, CX3CR1+CD64+, MHC-II-LY6C+.
Muscularis Externa, Lamina Propria, and Dura matter T-cells: gated as CD3+, CD4+ or CD8+ (followed by Dendra green /
Dendra red gating where applicable).
Single cell sorting strategy: CD3+ (T-cells) or CX3CR1+CD11b+CD11c- (macrophages).
Muscularis Externa and Lamina Propria CD163+/CCR2+ macrophages: gated as F4/80+CX3CR1+, CD64+, LY6C-MHC-II+, CCR2-
CD163+ or CD163-CCR2+ accordingly.
Muscularis Externa and Lamina Propria B-cells, Eosinophils, and Neutrophils: CD19+, CD11b+SiglecF+, and Ly6G+CD11b+
respectively.
Lamina Propria Dendritic cells: CD11b+CD103+MHC-I1+CD11c+.
Blood T-cells, B-cells, eosinophils, neutrophils, and monocytes: CD3+, CD19+, SiglecF+, LY6G+, and CX3CR1+CD11b+LY6C+
respectively.
Dura matter monocytes, macrophages, and dendritic cells: CD11b+LY6C+, CD11b+LY6C-CX3CR1+ and CD11b+CX3CR1+CD11c
+MHC-II+ respectively.
Brain microglia and border-associated macrophages: CD11b+CX3CR1+ and CD11b+CX3CR1+CD163+ respectively.
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|X| Tick this box to confirm that a figure exemplifying the gating strategy is provided in the Supplementary Information.
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