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Transcriptomic Profiling of Microglia and Motor Neurons in Co-Culture by Single Cell RNA Sequencing

Microglia with C9ORF72 HRE or KO Demonstrate Dysregulated Cytokine Secretion with LPS Stimulation

Summary

o The mechanisms underlying ALS are unclear, although neuroinflammation
is a major factor contributing to disease pathology. In ALS patients and
animal models, brain resident macrophages called microglia demonstrate
altered function, which can be detrimental to neuronal health.

o Generally, ALS occurs sporadically, although in ~10% of cases there is a
genetic linkage. A common genetic cause is the presence of hexanucleotide
repeat expansion (HRE) in C9ORF72.

o Microglia mediated neuroinflammation is proposed to be a key contributor
to ALS pathology. In ALS, microglia can undergo diverse functional changes,
including production of inflammatory cytokines.

o We established and characterised iPSC derived microglia carrying C9ORF72
HRE or Knockout (KO) cultured with or without motor neurons. These
models can help elucidate the individual roles and interplay between
microglia and motor neurons in neuroinflammation and ALS.

• Healthy or Isogenic (Control)
• C9ORF72 HRE patient (C9-HRE)
• C9ORF72 knockout (C9-KO)

+ Microglia

Maturation 
(~14 days)

• Immunocytochemistry (ICC)/qRT-
PCR quantification 

• Secreted cytokines
• Single cell RNA sequencing

+/-LPS

Motor neurons
(~14 days)

Microglia in health and disease 
(Source: You et al. (2023), Biology; 

12(10):1307)
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→ iPSC derived microglia with C9 HRE
or KO were cultured with or without
motor neurons of the same genotype.
Co-cultures contain comparable
numbers of microglia and motor
neuron by ICC quantification of cell
type specific markers (mean +/- SEM,
n=3). Cell culture media was collected
and levels of secretory cytokines
quantified using Meso Scale Discovery
pro-inflammatory panel. TNF-α, IL-6
and IL-10 levels were reduced in
mono- or co-cultures containing C9
HRE or KO microglia compared to
controls with LPS stimulation (mean
fold change normalised to untreated
+/- SEM, n=3, ****p<0.0001,
***p<0.01, **p<0.01, *p<0.05).

o Microglia and motor neurons were derived from iPSCs carrying C9ORF72 HRE or KO to investigate the role of neuroinflammation in ALS.

o Microglia carrying C9ORF72 HRE or KO have reduced capacity to produce inflammatory cytokines compared to controls when challenged with
LPS. Secretion of cytokines by microglia were elevated in co-cultures, although levels were still reduced with C9ORF72 HRE or KO microglia.

o In scRNAseq of co-cultures, microglia and motor neurons were classified and demonstrated up-regulation of cell type specific pathways with
LPS stimulation. Future work will utilise this dataset to elucidate the specific mechanisms underlying altered cytokine secretion in C9ORF72
HRE and KO microglia, and the complex interplay between microglia and motor neurons in ALS.
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→ Single cell RNA sequencing (scRNAseq) was performed on iPSC-derived microglia
co-cultured with motor neurons of the same genotype, and untreated or stimulated
with LPS. Microglia and motor neurons were identified based upon expression of cell
type specific markers, and the two cell populations were assessed independently. In
control microglia stimulated with LPS, Gene Ontology (GO) enrichment analysis
demonstrated up-regulation of biological processes in immune activation. In control
motor neurons stimulated with LPS, there was an enrichment for processes in neuron
maturation, a potential response to immune activation observed in microglia.
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Top 20 Biological Processes Up-regulated in 
Control Microglia with LPS Stimulation

Top 20 Biological Processes Up-regulated in 
Control Motor Neurons with LPS Stimulation
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Cell Type Identification using PanglaoDB 
Marker Genes and SCINA Classifier 

(Franzén et al., Database, 2019 & Zhang et al., Genes, 2019 )
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