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(Fig. 10E) and spread also anatomically away from the lesion area
(Fig. 10B). These invading cells into the cerebral parenchyma were
characterized by DAM gene expression (Fig. 10C, middle panel) as
well as astrocytic signatures (Fig. 10C, top panel). We could also
validate our findings concerning the Birc5-expressing microglia
(Fig. 10C, bottom panel and Supplementary Fig. 15), emphasizing the
phenotypic switch of the microglia.

Thus, while the main aim of our study was to investigate if the
brain vasculature would undergo transcriptomic reprogramming
upon neuroinflammation at whole-brain level, the TBI model pre-
sented focal changes as well. The lesion area presented a very localized
vascular transcriptomic response in the pericontusional area, which,
interestingly, became more pronounced at 28 days after TBI. This was
exemplified by the expression of Vcam1 (Supplementary Fig. 20A) and
Mmp3 (Supplementary Fig. 20B), the latter an indication of ongoing
matrix remodeling and thus tentative reparative processes. Con-
versely, Serpine1, an endothelial gene that is upregulated upon
bleeding, was increased in the pericontusional area 3 days post-TBI and
normalized at 28 days (Supplementary Fig. 20C). Beyond these focal
vascular transcriptional changes, we found little evidence of a wide-
spread vascular transcriptional response to accompany the microglial
and astrocytic lesion-specific clusters, except for Lcn2 expression, an
endothelial-specific gene upregulated upon stress53 (Supplementary
Fig. 20D).

In conclusion, we have identified disease model-specific micro-
glial reactivities which are not accompanied by a global vascular
transcriptomic response. In addition, we discovered unexpected
similarities between AD and late-stage TBI mice.

Discussion
In this study, we have analyzed the global transcriptomic response of
the cerebrovasculature to neuroinflammation in mouse models for
three brain disorders: AD, CADASIL and TBI. These diseases were
chosen because they have been reported to have both vascular and
neuroinflammatory components, ranging from acute to chronic and
neurodegenerative3,30,34 and we reasoned that a deep-drilling mole-
cular analysis would shed light onto the ramifications of the diseases
for the vasculature and microglial reactions. We therefore conducted
an extensive scRNA-seq analysis, comprising > 200,000 vascular and
vessel-associated cells derived from different time points during
disease progression in the corresponding mouse models. In addition
to gaining insights into disease-specific transcriptomic changes, the
analysis also allowed us to expand the known zonation spectrum of
the brain vasculature and to identify two vascular cell subtypes in the
brain that have not previously been described at a transcriptomic
level: branch point arterial endothelial cells and a type of VSMC
previously not observed in the brain. Like the barrier endothelium
and mural cells, these vascular subtypes do not alter their tran-
scriptome upon neuroinflammation, but their role in other diseases
remains to be elucidated. Atherosclerosis, for example, tends to
occur in arterial bifurcations that have turbulent blood flow54. An
overarching conclusion from our analysis is that the cere-
brovasculature in all three disease models remarkably lacks gene
expression changes, whereas the microglial transcriptomes exhibit
more extensive, yet disease-specific, alterations. In contrast to the
minor changes in the vascular transcriptomes, we discovered a
striking enrichment of a subtype of fenestrated endothelial cells in
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Fig. 9 | Molecular characteristics of the vascular associated microglia in the
three mouse models. A UMAP showing the subclusters of MG sampled across all
diseases and stages. Annotation based on known marker genes. B UMAPs split per
experimental condition to reveal enriched microglial sub-clusters across the
experiments. C Quantification of the disease associated microglia (DAM) subcluster
across stages in all experimental conditions. Data shown as % of DAMs of all
included MG, mean and SEM at each stage. Ordinary two-way ANOVA with multiple
comparisons. p < 0.0001. Source data are provided as a Source Data file. D Data
from C split into the three disease models, data shown as individual values, mean

and SEM analyzed using unpaired two-tailed Welchs’s T-test for AD: p < 0.0001, TBI:
p = 0.0012, and unpaired two-tailed Student’s T-test for CADASIL p = 0.61. Source
data are provided as a Source Data file. E Featureplots showing expression of DAM
genes across all microglia in each experimental condition. F Horizontal bar plot
showing number of unique genes differentially expressed genes after pseudo bulk
DEG analysis comparing disease and control in all microglia of each disease model.
Each stage was analyzed separately. Total number of up (orange) or down (green)
regulated genes is written on each bar. Source data are provided as a Source
Data file.
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