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ZENODO.7352291, [47] doi:10.5281/ZENODO.7349256, [48] doi:10.5281/ZENODO.7349228, [49]. Single cell RNA sequencing data is available publicly from the
NCBI’s Gene Expression Omnibus and are accessible at the following link and through the GEO accession number GSE178498 https://www.ncbi.nlm.nih.gov/geo/
query/acc.cgi?acc=GSE178498. The composite and analyzed data generated in this study are also provided in the Source Data file.

Sex, not gender, was tracked and reported in our experiment. This information was gathered as a part of the patient medical
history for postmortem tissue. We did not analyze sex-specific differences, as group numbers were not sufficient for sex-
based statistical analyses. However, the Source Data file contains this information and demonstrates that there were no
obvious differences between the samples from tissue between sexes.

We did not track/analyze race or ethnicity in the current study.

Age, sex, PD diagnosis status, and additional medical diagnoses were tracked for all human samples. Additional diagnoses are
not shared to limit indirect identifiers for patients.

Consent for autopsy was obtained from patient legal surrogates through standardized consenting procedures. Protocols
were approved by the Institutional Review Board of Columbia University Medical Center.

Protocols were approved by the Institutional Review Board of Columbia University Medical Center.

Sample sizes for flow cytometric experiments were determined using a power analysis based on preliminary data and previous published
papers (see Harms et al. 2018). A first experiment using AAV2-SYN and AAV2-GFP were performed, and effect sizes of changes in MHCII
expression, T cell infiltration, BAM expansion, and loss of TH+ neurons were used to calculate the sample size needed for 80% power.

We determined group size for scRNA sequencing based on what is commonly used for similar procedures in the literature (see Van Hove et al.
2019 and Hammond et al. 2019). We used pilot experiments and previous literature (see Van Hove et al. 2019) to determine the number of
brains to pool per sample in scRNA sequencing steps. No statistical tests were used to determine sample size for analysis of immunostained
brains, however, these experiments were meant to corroborate more quantitative flow cytometry findings, and therefore, similar sample sizes
were used.

No data were excluded from analyses.

Flow cytometry based quantification of recombination efficiency in CX3CR1 Cre based mice was replicated twice with the same results. T cell
quantification in these mice was also replicated twice, yielding the same results. Stereological quantification of neurodegeneration in CX3CR1
Cre based mice was performed once and results are displayed in Figure 1. RNA sequencing experiments were performed once. Flow
cytometry of AAV2-GFP and AAV2-SYN transduced mice (quantifying all microglial and BAM markers of activation and T cell/monocyte
infiltration) were performed three times resulting in the same outcome. Fate map experiments using TMEM119 Cre based mice were
replicated twice with the same results. Interferon gamma based stimulation of TMEM119 Cre based mice was performed once. Flow
cytometric quantification of inflammation in TMEM119 Cre based mice was performed once. Immunofluorescence based confirmation of
scRNA sequencing findings in AAV2-SYN mice was performed once. Clodronate liposome experiments were performed twice with the same
results.

Organisms were allocated to groups in order to provide age and sex-matched controls between groups. Human samples were not
randomized, as knowledge of diagnosis was required in order to age and sex match groups.

Blinding was used during stereology analysis, in order to prevent bias in cell counts. Blinding was not used for flow cytometric experiments so
that gates capturing markers of inflammation were accurate. Additionally, blinding of these samples was impossible, as it is easily determined
which samples are inflamed. Investigators were not blinded during scRNA sequencing analysis, as this analysis was unbiased by nature. All
image analyses using ImageJ were performed with the analyzer blinded to group.



3

n
atu

re
p

o
rtfo

lio
|

rep
o

rtin
g

su
m

m
ary

A
pril2023

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

n/a Involved in the study

Antibodies

Eukaryotic cell lines

Palaeontology and archaeology

Animals and other organisms

Clinical data

Dual use research of concern

Plants

Methods

n/a Involved in the study

ChIP-seq

Flow cytometry

MRI-based neuroimaging

Antibodies
Antibodies used

Validation

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

The following antibodies were used for immunohistochemistry: anti-MHCII (clone M5/114.15.2, eBiosciences, cat #50-112-9455,
used at 1:500 dilution), anti-!-synuclein (phospho-Serine129, clone EP1536Y, Abcam, cat #ab51253, used at 1:2000 dilution), anti-
tyrosine hydroxylase (TH, Sigma-Aldrich, cat # AB152, used at 1:500 dilution), anti-IBA1 (polyclonal, Wako, cat # NC1718288, used at
1:500 dilution), anti-CD4 (clone RM4-5, BD Bioscience, cat # BDB553043, used at 1:500 dilution), anti-CD8 (clone 4SM15, eBioscience,
cat # 14-0808-82, used at 1:500 dilution), anti-CD206 (clone C068C2, Biolegend, cat # 141701, used at 1:100 dilution), anti-GPNMB
(R&D Systems, cat. #AF2330, used at 1:100 dilution), anti-APOE (Sigma-Aldrich, cat. #AB947, used at 1:100 dilution), anti-CD31 (clone
2H8, Invitrogen, cat #ENMA3105, used at 1:500 dilution), and anti-laminin (Sigma-Aldrich, cat #L9393-100UL, used at 1:1000
dilution). The following fluorescent secondary antibodies were used for immunohistochemistry: Alexa Fluor 594 donkey anti-rat
(Invitrogen, cat #A21209, used at 1:1000 dilution), Alexa Fluor 647 donkey anti-rabbit (Invitrogen, cat #A31573, used at 1:1000
dilution), Alexa Fluor 647 donkey anti-rat (Jackson Immunoresearch, cat #712-605-153, used at 1:500 dilution), Alexa Fluor 555
donkey anti-rabbit (Invitrogen, cat # A31572, used at 1:1000 dilution).

The following antibodies were used for flow cytometry: anti-Fc" receptor (clone 2.4G2 BD Biosciences, cat #BDB553141, used at
1:100 dilution), CD45 (Clone 30-F11, eBioscience cat #50-112-9701, used at 1:500 dilution), CD11b (Clone M1/70, BioLegend cat
#101237, used at 1:250 dilution), CX3CR1 (Clone SA011F11, BioLegend cat #149008, used at 1:500 dilution), Ly6C (clone HK 1.4,
BioLegend cat #128015, used at 1:500 dilution), CD38 (clone 90, Biolegend cat #102717, used at 1:500 dilution), MHCII (clone
M5/114.15.2, BioLegend cat #107607, used at 1:500 dilution), CD80 (Clone 16-10A1, BD Horizon cat #BDB612773, used at 1:250
dilution), PD-L1 (clone B7-H1, BioLegend cat #124319, used at 1:250 dilution), CD4 (clone GK1.5, BioLegend cat #100447, used at
1:250 dilution), and CD8a (clone 53-6.7, BioLegend cat #100734, used at 1:250 dilution), IFN" (clone XMG1.2, eBioscience cat #
50-111-85, used at 1:100 dilution), IL-4 (clone 11B11, BioLegend cat #504117, used at 1:100), IL-17a (clone eBiol7B7, eBioscience cat
#50-112-9052, used at 1:100), and IL-10 (clone JES5-16E3, BioLegend cat #505005, used at 1:100), CD68 (clone FA-11, Biolegend cat
#137024, used at 1:500 dilution) and Ki67 (clone 16A8, Biolegend cat #652413, used at 1:250 dilution).

The following antibodies were used for immunohistochemistry in human postmortem brain: CD3 (clone LN10, Leica cat #CD3-565-L-
CE, used at 1:100), CD4 (clone 4B12, Leica cat # CD4-368-L-CE, used at 1:100), CD8 (clone 4B11, Leica cat #CD8-4B11-L-CE, used at
1:100), and CD68 (PG-M1, DAKO, cat #ab783, used at 1:100).

For immunohistochemistry, antibodies were validated with no primary controls and by using co-labelling in both inflamed and non-
inflamed brains or spleens to ensure the labeling of expected cell types. Anti-mouse CD4 and CD8 were validated in spleens, where
these cells are abundant. Anti-mouse IBA1, anti-CD68, and anti-MHCII were validated in naive and inflamed brain to ensure the
expected morphological changes in microglia were detected. Anti-tyrosine hydroxylase was validated in the ventral midbrain and
using anti-NeuN as a co-label. Anti-GPNMB and anti-Apoe were validated with a no-primary control. Anti-pser129 was validated using
AAV2-SYN injected brains and pre-formed fibril injected brains as a positive control and naive brains as a negative control. Anti-
CD206 was validated using co-labeling with laminin (to label the vasculature) and by labeling whole mount meninges, where CD206+
cells are abundant.

Antibodies used in flow cytometry were tested in both brain and spleen and validated in inflamed (stimulated with
lipopolysaccharide) and naive brains. Fluorescence minus one controls were used to determine autofluorescence and colabelling was
used to determine specificity of the antibody for the expected cell type and inflammatory status. Specifically, anti-CD45, MHCII, CD4,
CD8a, interferon gamma, IL-17a, IL-4, IL-10, PD-L1, CD80, CD38, and Ki67 were validated in a naive mouse spleen stimulated with
PMA and ionomycin, as these markers are abundant and present in the spleen. Anti-CD11b, CX3CR1, and Ly6C were validated using
mouse blood. Identification of cell types that express these markers were consistent with the reported population sizes. Anti-CD68
and MHCII were validated in brain stimulated with lipopolysaccharide to ensure upregulation of inflammatory markers.

Antibodies used in postmortem human brain tissue (anti-human CD3, CD4, CD8, and CD68) have been regularly used by the CUMC
Department of Pathology and Cell Biology Immuno-stain Lab and were independently validated.

Only mice at 8-12 weeks of age at the start of experiments were used. The following strains were used: C57BL/6J (#000664 Jackson
Laboratories), B6.129P2(Cg)-Cx3cr1tm1Litt/J, referred to as a CX3CR1 reporter knock-in (#005582 Jackson Laboratories), B6.129P2
(C)-Cx3cr1tm2.1(cre/ERT2)Jung/J, referred to as CX3CR1 CreERT2 (#020940 Jackson Laboratories), C57BL/6-Tmem119em1(cre/ERT2)
Gfng/J, referred to as TMEM119 CreERT2 (#031820 Jackson Laboratories), B6.Cg-Gt(ROSA)26Sortm9(CAG-tdTomato)Hze/J, referred
to as TdTomato (#007909, Jackson Laboratories), and B6.129X1-H2-Ab1tm1Koni/J, referred to as Iabfl/fl (#013181 Jackson




