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Reporting Summary
Nature Research 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 Research policies, seeAuthors & Referees and theEditorial Policy Checklist .

Statistics
For all statistical analyses, confirm that the following items are present in the figure legend, table legend, main text, or Methods section.

n/a Confirmed

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
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

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

Data analysis

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/reviewers.
We strongly encourage code deposition in a community repository (e.g. GitHub). See the Nature Research 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 list of figures that have associated raw data
- A description of any restrictions on data availability
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For mouse brain cell RNA sequencing, the raw fastq files were aligned by Cell Ranger (v3.0.0, 10X Genomics, US) and converted to count
matrix for further processing.

The sequencing data processing were performed with the Seurat (v3.0.1) package and custom scripts in R (v3.5.1).

For differential expression analysis, the MAST (v1.8.2) package was used (which was already incorporated in the Seurat package).

Figures were generated by the Seurat package, the ggplot2 (3.1.1) package, and custom scripts in R (v3.5.1).

For two-photon imaging data processing, the Imaris software (v6.4, Bitplane, Belfast, UK) was used.

Immunohistochemistry data was analyzed using the Fiji (ImageJ) software with cell counter plugin (64-bit version based on ImageJ 1.52p).

Statistical tests were carried out in R (v3.5.1) or the Prism software (v6, GraphPad Software Inc., US).

The raw and processed RNA sequencing data from this study have been deposited in the UCSC Cell Browser (“Aging Brain [http://cells.ucsc.edu/?ds=aging-brain]”),
the Broad Institute Single Cell Portal (“Aging_mouse_brain_kolab [https://singlecell.broadinstitute.org/single_cell/study/SCP829/aging-mouse-brain-kolab]”) and
the NCBI Gene Expression Omnibus database (accession number: GSE147693).

For human aged brain transcriptome comparative analysis, the GTEx datasets were downloaded from [https://www.gtexportal.org/home/datasets]
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Life sciences study design
All studies must disclose on these points even when the disclosure is negative.

Sample size

Data exclusions

Replication

Randomization

Blinding

Reporting for specific materials, systems and methods
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.

(GTEx_Analysis_2016-01-15_v7_RNASeQCv1.1.8_gene_tpm.gct.gz and GTEx_Analysis_2017-06-05_v8_RNASeQCv1.1.9_gene_tpm.gct.gz) alongside subject
information.

For the Allen Brain Aging, Dementia and TBI dataset, the normalized FPKM data matrix was downloaded from [https://aging.brain-map.org/download/index]
alongside subject information.

For the Mayo Clinic AD brain RNA-seq dataset and DEGs, data was downloaded from [http://dx.doi.org/10.7303/syn3163039] alongside subject information.

Source data (underlying Figs 2d-e, 4b-c, and Supplementary Figs 7b, 9b) are provided with this paper.

We used 5 mice per group (young adult, aged and exenatide-treated aged groups) for the the scRNA-seq experiments and 3 mice per group
for the imaging experiments (young adult, aged, vehicle-treated and exenatide-treated aged groups, with two batches of experiments done).
For the qPCR and WB experiments, 3 mice for each group (young adult and aged groups) were used for each experiment. For the IHC
experiments, 4, 3 and 3 animals for the young adult, aged, and exenatide-treated aged groups were used respectively. No prior sample size
calculation was performed. Selection of sample sizes was based on past research experience judging potential biological effects relative to
expected variability, typically requiring 3-5 animals per group for the types of experiments carried out.

For sequencing data quality control, genes expressed by fewer than 3 cells were excluded; low quality cells were excluded by the following
criteria: 1. lower than 5% or higher than 95% UMI count or gene count, or 2. proportion of mitochondrial genes > 20%. This was a pre-
established criteria.

For differential expression analysis, endothelial cells with unstable subtype classification on three independent repeated runs of CellAssign
were excluded (1074 out of 12357, 8.7%). This was a pre-established criteria.

For WB, we assayed the expression changes of LEF1, SMAD7, MFSD2A and SLC2A1 across age. The antibodies we used worked for LEF1,
SMAD7 and MFSD2A, but very broad and possibly non-specific binding bands were noted for the anti-SLC2A1 in our experiment (see Source
Data file for uncropped WB images for Fig. 2e, rightmost image), hence only the results of LEF1, SMAD7 and MFSD2A were included in the
main figure.

Repeating independent batches of experiments was the major means to ensure reproducibility (i.e. instead of relying on data from one single
experiment). The sequencing data presented came from three independent batches of experiments with a total of 5 animal subjects used for
each group. The in vivo imaging experiments were carried out in two independent batches. The first batch (with 3 animals per group) was
performed to test the therapeutic efficacy of exenatide treatment. During each imaging session, 3 image stacks were taken from each animal
within the specified time window (i.e. 15-35 mins post-IV dextran dye injection), thereby serving as replicates of sampling for each animal. In
the second batch, additional experiments (also with 3 animals per group) were carried out with identical protocol to verify the therapeutic
efficacy of exenatide over saline vehicle.

Analysis of data from the different batches of experiments arrived at the same conclusion on the therapeutic efficacy of exenatide treatment.
The consistency of findings hence support the reproducibility of the findings. We confirm all attempts at replication were successful for all the
experiments.

Not required. This study involved comparison across age and treatment groups, and therefore samples were grouped by age and treatment as
the primary distinguishing parameters.

Not required. This study did not involve subjective measurements as all sequencing and imaging data were included with identical and strict
criteria, and analyzed by identical software or programming pipelines.




