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2Microglia are CNS-resident macrophages that are highly responsive 
to their environment

Adapted from Li & Barres. Microglia and macrophages in brain homeostasis and disease. Nat Rev Immunol (2018).
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3Microglial heterogeneity has been captured across 
disease-associated signatures

Paolicelli et al. Neuron (2022).

Keren-Shaul et al. Cell (2017).

Hasselman et al. Neuron (2019).
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Defining a cross-disease atlas of microglia signatures

Tuddenham. et al. A cross-disease human microglial framework identifies disease-enriched subsets and tool compounds for microglial polarization. biorXiv (2022).
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5Live microglia show diverse subsets with unique
 expression signatures

Tuddenham. et al. A cross-disease human microglial framework identifies disease-enriched subsets and tool compounds for microglial polarization. biorXiv (2022).
Olah et al. Single cell RNA sequencing of human microglia uncovers a subset associated with Alzheimer’s disease. Nat Commun, 2020.

Dr. John Tuddenham
CTCN, Columbia University
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See Cembrowski & Menon. Continuous Variation within Cell Types of the Nervous System. Trends Neurosci 2018;41:337–48 for conceptual description.

Shifting Towards Understanding The Continuous Nature Of Cellular 
Expression Programs

Scenario 1 Scenario 3Scenario 2
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Szabo et al. Nat Commun 2019;10:4706.
Dr. Peter Sims
Systems Biology

Columbia

scHPF: single-cell Hierarchical 
Poisson Factorization

A High Dimensional Reference Map Of Human T Cell Activation In Highlights 
The Potential Of Understand Expression Programs

Levitin et al. Mol Syst Biol 2019;15:e8557.
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Updated live microglia dataset 
scHPF: single-cell 

Hierarchical Poisson 
Factorization

CHARACTERIZATION

Biological enrichment (GO)
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Analysis Overview
TAKE AWAYs

• Expression programs 
are biologically 
relevant

• Programs show 
diagnostic specificity, 
with some distinction 
between white and 
grey matter

• Program have shared 
and unique TF 
regulation

• The paradigm is 
broadly applicable 
across cellular 
compartments, as well 
as model systems with 
and without chemical, 
genetic, and biological 
perturbation
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11Projecting single-nucleus RNAseq data onto 
the 23-factor single-cell model

Religious Orders Study (ROS)
Memory and Aging Project (MAP)

(n = 424)

single-nucleus 
RNA-seq (DLPFC)

87,319 cells

Masashi Fujita,
Columbia University

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

Extracting 
microglial only Projection



12Expression programs show substantial overlap with DEGs for 
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

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



13Expression programs are broadly applicable and 
capture microglial perturbations associated with disease

Linear regressions for donor-level expression program scores (mean-aggregated across cells) adjusted for study, age at death, 
sex, and postmortem interval. For cognitive decline, the model was also adjusted for years of education. 

*FDR p-value < 0.05



14miloR: Detecting perturbed cell states as 
differentially abundant graph neighborhoods



15AD microglia show a differentially abundant subset of microglia 
characterized by high DAM2-like (26) expression

Non-AD AD



16Expression programs capture stable patterns across 
independently-generated datasets

ROS-MAP snRNA-seq 
(Green, Fujita et al.)

ROS-MAP 10X multiome 
(scRNA-seq + ATAC-seq)

27,399 transcriptomes
232 donors (no overlap)

ROS-MAP snRNA-seq 
(Kellis lab)

79,188 transcriptomes
235 overlapping donors

Sun et al. Human microglial state 
dynamics in Alzheimer’s disease 
progression. Cell. 2023;186:4386-
4403.e29.



17Expression programs capture stable patterns across 
independently-generated datasets (2)

Donor-aggregated 
factor scores show 

high correlation
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Identifying a putative factor regulatory network using ARACNe

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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19Microglial expression programs show unique and shared regulons which 
point toward key processes associated with disease
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20Spatially-resolved MERFISH shows in situ association between ARID5B and 
genes comprising DAM2-like factor 26
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21Continuous expression programs and their regulators in microglia: 
take-aways

• Identifying discrete subtypes of microglia is 
challenging

• scHPF factorization is allowing us to define 
continuous expression programs which show 
biological and disease-associated relevance

• scHPF recapitulates signals across single-
cell and single-nucleus data, human-derived 
and model systems

• There is a complex network of regulation for 
expression programs, pointing toward factor-
specific and shared regulators

• Spatially-resolved single-cell data provides 
support for ARID5B association with greater 
expression of DAM2-like factor (26)

IFN response (20)

DAM2-like (26)

IRF7

ARID5B

IRF7
• Enriched TF motif in antiviral subcluster (Sun et al., Cell, 2023)

ARID5B
• Enriched motif peaks in ‘activated’ states (Sun et al., Cell, 2023)

MITF
• DAM enriched TF-regulon and ↑ phagocytic activity in iMGLs (Dolan et al., 2024)
• AD-associated subtype upregulates MITF regulon (Lee et al., medRxiv, 2023)

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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