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Microglia are CNS-resident macrophages that are highly responsive ‘
to their environment
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Adapted from Li & Barres. Microglia and macrophages in brain homeostasis and disease. Nat Rev Immunol (2018).




Microglial heterogeneity has been captured across 3
disease-associated signatures
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Defining a cross-disease atlas of microglia signatures
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Live microglia show diverse subsets with unique >
expression signatures
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D 0
enrichment for the DAM
LOAD 35 . 3
EOAD 2 signature Homeostatic
Mcl 4 i -
e um Active Transcriptionally
ALS 9 o P Y :
ALS/FTD 2 DAM1 = 272 = 2 g Active
FTD 1 =
DAM2 - 3 \
s '
= T smlcos  Homeostatic— 525 5 ’
e ? D i 2 3 4 5 6 7 8
MS 2
HD 1 l'
Stroke Lesion 1 1
DNET 1 1
Control 1 A
Some cluster shows .
signatures associated )
with disease 2
% of “intermediate” cells
7.59 5.77 '15-ae| 7.18 6.55 3.79 Siopect A —— 7%
B : ) e & E- cognitive decline: 10%
S L ) 15%
8.89 |-2.39 -4 15.25| 8.79 -8.35 | -2.39 | 2.66 Amyloid BN &
- 1
7.30 -8.04 12.56| 5.97 -12.33| 4.78 Tangles ol i
-y Clusters show
: 55| 4. 05 | Clinical AD .
o= o 495 I © " similarity and share
8.52 291 19.05| 8.52 | 2.63 | -4.23 3.65 | transcription
1 2 3 4 5 6 7 8 9 70 A1 1 signatures
-log 10(FDR g-value)
60 -30 0 30 60
Tuddenham. et al. A cross-disease human microglial framework identifies disease-enriched subsets and tool compounds for microglial polarization. biorXiv (2022). Dr. John Tuddenham

Olah et al. Single cell RNA sequencing of human microglia uncovers a subset associated with Alzheimer’s disease. Nat Commun, 2020. CTCN, Columbia University




Shifting Towards Understanding The Continuous Nature Of Cellular

Expression Programs

Scenario 1 Scenario 2 Scenario 3

Gene Expression Axis 1 Gene Expression Axis 1

»

Gene Expression Axis 2
Gene Expression Axis 2

See Cembrowski & Menon. Continuous Variation within Cell Types of the Nervous System. Trends Neurosci 2018;41:337—-48 for conceptual description.

Cell,
Ce"2

CeII3
Celly

6
N\
e .0
. @) X
N Q >
?Oc" 6?\9 0900 (06\
N N\
() ©) S O




A High Dimensional Reference Map Of Human T Cell Activation In Highlights'?
The Potential Of Understand Expression Programs
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Updated live microglia dataset
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Analysis Overview
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Projecting single-nucleus RNAseq data onto 1
the 23-factor single-cell model

single-nucleus Extracting
RNA-seq (DLPFC) microglial only

Projection

Religious Orders Study (ROS) 87,319 cells

Memory and Aging Project (MAP)
(n=424)

Gilad Green, Masashi Fujita,
Hebrew University Columbia University Green et al. bioRxiv (2023)




Expression programs show substantial overlap with DEGs for 2
clustering-based microglia subtypes

Clustering-based
microglia subtypes
(snRNA-seq)

|

Subtype
differentially
expressed genes
(DEGS)

|

Fast gene set
enrichment analysis
(FGSEA) w/ top
100 factor markers

Homeostatic

Stress-Response
Reactive
Reactive-Redox
Proliferating
Interferon-Response
Disease-Elevated
Mic.15

Mic.16

snRNA-seq derived microglia annotations
(Green, Fujita et al., 2023)

>

P
2XOR
Q (©)

X
N\

@)

\
2.
N

N

Homeostatic-Redox B¢l

*
*

*

*
N

QAN
%QN\ Gy

NES-signed -logo(FDR p-value)
B T

-10 -5 0 5 10 15

Expression programs

Significance levels: *FDR-corrected p-value < 0.05.



Expression programs are broadly applicable and &
capture microglial perturbations associated with disease
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miloR: Detecting perturbed cell states as &
differentially abundant graph neighborhoods

nature ARTICLES
blOtCCh.ﬂOlogy https://doi.org/10.1038/541587-021-01033-z
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AD microglia show a differentially abundant subset of microglia B
characterized by high DAM2-like (26) expression
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Expression programs capture stable patterns across

ROS-MAP snRNA-seq
(Green, Fuijita et al.)
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Expression programs capture stable patterns across 7
independently-generated datasets (2)
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Identifying a putative factor regulatory network using ARACNe

Transcription
factors'

ARIDSE Regulons

A BAZ2B
BCL6
DBP

FOXO03
ARACNe TS

(Algorithm for the SPI1

Reconstruction ZBTB16
of Accurate » » @ »
Expression e
Cellular bt =

Networks) Gl e Targets
|- EE -
HE B
HE =
HE
HE =
HE
(Ol

sl =

Lambert et al. The Human Transcription Factors. Cell 172, 650-665 (2018).
Margolin et al. ARACNE: An Algorithm for the Reconstruction of Gene Regulatory Networks in a Mammalian Cellular Context. BMC Bioinformatics 7, S7 (2006).
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Microglial expression programs show unique and shared regulons which 19
point toward key processes associated with disease
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TFs validation
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Continuous expression programs and their regulators in microglia: 21
take-aways

* |dentifying discrete subtypes of microglia is
challenging

w W

» scHPF factorization is allowing us to define

continuous expression programs which show PO 113 "
biological and disease-associated relevance ,/' t » :
5 ARID5B DAM2-like (26)
: : : r's
« scHPF recapitulates signals across single-
cell and single-nucleus data, human-derived
IRF7

and model SyStemS » Enriched TF motif in antiviral subcluster (Sun et al., Cell, 2023)

 There | mplex network of regulation for
ere is a complex network of regulation fo ARID5B

expression programs, pointing toward factor- | Enriched motif peaks in ‘activated’ states (Sun et al., Cell, 2023)

specific and shared regulators
_ . _ MITF
» Spatially-resolved single-cell data provides «  DAM enriched TF-regulon and 1 phagocytic activity in iMGLs (Dolan et al., 2024)

support for ARID5B association with greater « AD-associated subtype upregulates MITF regulon (Lee et al., medRxiv, 2023)
expression of DAM2-like factor (26)

Sun, N. et al. Human microglial state dynamics in Alzheimer’s disease progression. Cell (2023).
Dolan et al. Exposure of iPSC-derived human microglia to brain substrates enables the generation and manipulation of diverse transcriptional states in vitro. Nat Immunol (2023).
Lee et al. Plasticity of Human Microglia and Brain Perivascular Macrophages in Aging and Alzheimer’s Disease. medRxiv (2023).
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