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Project outline

Background: Microglia (tissue-resident macrophages in the brain) can directly sense chronic nutrient
excess in the brain, especially from saturated fatty acids, to which they respond by switching to a pro-
inflammatory state (Valdearcos et al., 2014). Dampening this microglial response, particularly in the
hypothalamus, in rodent models of diet-induced obesity results in protection against weight gain
(Valdearcos et al., 2017), making microglia attractive targets for obesity therapeutics. Evidence in
humans remain correlative, with post-mortem tissue sections and brain magnetic resonance imaging
showing microgliosis to be correlated with BMI (Baufeld et al., 2016; Sewaybricker et al., 2023).

Hypothesis: Human iPSC-derived microglia reflect the behaviour of in vivo resident microglia,
including phenotypes related to obesity such as inflammation in response to chronic nutrient excess.
Co-culture with hypothalamic neurons will enhance these phenotypes by priming microglia towards a
region-specific state. High-throughput screening in this model will bring forth new targets that when
manipulated, will reduce inflammation, appetite and/or body weight.

Aims and description of work to be undertaken:

Aim 1: Development of nutrient-induced inflammatory assays in iPSC-derived microglia. We will first
generate human microglia in culture from iPSCs following existing methodology established by
Cowley’s team (Washer et al., 2022) and test their response to excess nutrients, specifically saturated
fatty acids, using readouts such as secretion of inflammatory cytokines e.g. TNF and MCP-1, expression
of the surface phenotypic markers CD14 and CD16, and morphological changes from ramified to
amoeboid. Readouts with the best assay windows will be identified in the process, and differentiation
conditions will be adjusted and optimized to maximize the response in these assays.

Aim 2: Development of co-culture systems for iPSC-derived microglia and hypothalamic neurons.
Hypothalamic neurons will be derived from iPSCs using optimized versions of published protocols
(Rajamani et al., 2018), and will be combined with the iPSC-derived microglia from Aim 1 following co-
culture optimization principles as demonstrated previously by Cowley’s team (Vahsen et al., 2022).
The resulting system will be tested for the readouts in Aim 1, as well as assessed using transcriptomics
guided by region-specific RNA-seq datasets for microglia (Herb et al., 2023). Hypothalamic neuron
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function will be assessed by measuring secretion of neurotransmitters like AgRP and POMC, by using
genetic Ca®* sensors engineered in the source iPSC line, by neuronal survival and morphology, and
finally with our local research partner Metrion, by using multiple electrode array and patch clamp.

Aim 3. Genome-wide CRISPR screen in the in vitro multicellular hypothalamus model. The optimized
differentiation protocols and readout assay(s) from Aims 1 and 2 will be brought forward for
miniaturization in the 384-well or 1536-well format using automation platforms. Introduction of
CRISPR/Cas9 constructs, whether by stable cell line generation or by ribonucleoprotein trans- or
nucleofection, will then be optimized in the miniaturized format. Design of experiment principles for
high-throughput screening will be applied to find the best parameters for a pilot screen targeting a set
of ~100 genes implicated in appetite control and obesity (determined through the literature and in
silico analytic methods combining genetics and transcriptomics of public datasets). This will then be
expanded to perform the first whole-genome screen in human microglia in the context of obesity.

Expected outcomes: The project will find novel genes that when manipulated, reduces inflammation
and improves hypothalamic neuron function. In vivo, these genes have the potential to modulate
appetite and body weight, which can be further investigated. The human iPSC-derived models
developed here can be used for future studies including testing tool compounds for studying obesity.
This collaborative project will offer excellent training opportunities in the application of cell culture
techniques, stem cell biology, immunobiology, neurobiology, automation and drug discovery.

Aim 1: Nutrient-induced inflammatory assay in iPSC-derived microglia Aim 3: CRISPR screen in the in vitro
b couz multicellular hypothalamus model
TNFa \ / A L6
N

e v — &% <
Growth '
factors oz o
5 < z Activated Assay miniaturization CRISPR-Cas9
hiPSCs Microglia microglia J

Aim 2: Co-culture system for microglia and hypothalamic neurons

=) Ca2+
sensor GFP
- -
AgRP

= //v" -
Assay automation and
High-throughout screening

hiPSCs

Co-culture ﬂ
system : Y § s
i Hﬁménlrelevant
Hypothalamic 1
neurons targets for obesity
References:

Baufeld, C., Osterloh, A., Prokop, S., Miller, K. R., & Heppner, F. L. (2016). High-fat diet-induced brain
region-specific phenotypic spectrum of CNS resident microglia. Acta Neuropathologica, 132(3),
361-375. https://doi.org/10.1007/s00401-016-1595-4

Herb, B. R., Glover, H. J., Bhaduri, A., Colantuoni, C., Bale, T. L., Siletti, K., Hodge, R., Lein, E.,
Kriegstein, A. R., Doege, C. A., & Ament, S. A. (2023). Single-cell genomics reveals region-



specific developmental trajectories underlying neuronal diversity in the human hypothalamus.
Science Advances, 9(45). https://doi.org/10.1126/sciadv.adf6251

Rajamani, U., Gross, A. R., Hjelm, B. E., Sequeira, A., Vawter, M. P., Tang, J., Gangalapudi, V., Wang,
Y., Andres, A. M., Gottlieb, R. A., & Sareen, D. (2018). Super-Obese Patient-Derived iPSC
Hypothalamic Neurons Exhibit Obesogenic Signatures and Hormone Responses. Cell Stem Cell,
22(5), 698-712.€9. https://doi.org/10.1016/j.stem.2018.03.009

Sewaybricker, L. E., Huang, A., Chandrasekaran, S., Melhorn, S. J., & Schur, E. A. (2023). The
Significance of Hypothalamic Inflammation and Gliosis for the Pathogenesis of Obesity in
Humans. Endocrine Reviews, 44(2), 281-296. https://doi.org/10.1210/endrev/bnac023

Vahsen, B. F., Gray, E., Candalija, A., Cramb, K. M. L., Scaber, J., Dafinca, R., Katsikoudi, A., Xu, Y.,
Farrimond, L., Wade-Martins, R., James, W. S., Turner, M. R., Cowley, S. A., & Talbot, K. (2022).
Human iPSC co-culture model to investigate the interaction between microglia and motor
neurons. Scientific Reports, 12(1), 12606. https://doi.org/10.1038/s41598-022-16896-8

Valdearcos, M., Douglass, J. D., Robblee, M. M., Dorfman, M. D., Stifler, D. R., Bennett, M. L.,
Gerritse, |, Fasnacht, R., Barres, B. A., Thaler, J. P., & Koliwad, S. K. (2017). Microglial
Inflammatory Signaling Orchestrates the Hypothalamic Immune Response to Dietary Excess
and Mediates Obesity Susceptibility. Cell Metabolism, 26(1), 185-197.e3.
https://doi.org/10.1016/j.cmet.2017.05.015

Valdearcos, M., Robblee, M. M., Benjamin, D. |, Nomura, D. K., Xu, A. W., & Koliwad, S. K. (2014).
Microglia Dictate the Impact of Saturated Fat Consumption on Hypothalamic Inflammation and
Neuronal Function. Cell Reports, 9(6), 2124—-2138.
https://doi.org/10.1016/j.celrep.2014.11.018

Washer, S. J., Perez-Alcantara, M., Chen, Y., Steer, J., James, W. S., Trynka, G., Bassett, A. R., &
Cowley, S. A. (2022). Single-cell transcriptomics defines an improved, validated monoculture
protocol for differentiation of human iPSC to microglia. Scientific Reports, 12(1), 19454.
https://doi.org/10.1038/s41598-022-23477-2

Supervisor’s recent relevant publications:
Dr Sally Cowley
1. Badanjak, K., Mulica, P., Smajic, S., Delcambre, S., Tranchevent, L.-C., Diederich, N., Rauen,
T., Schwamborn, J. C.,, Glaab, E., Cowley, S. A., Antony, P. M. A., Pereira, S. L., Venegas, C., &
Griinewald, A. (2021). iPSC-Derived Microglia as a Model to Study Inflammation in Idiopathic
Parkinson’s Disease. Frontiers in Cell and Developmental Biology, 9.
https://doi.org/10.3389/fcell.2021.740758
2. Navarro-Guerrero, E., Tay, C., Whalley, J. P., Cowley, S. A., Davies, B., Knight, J. C., & Ebner,
D. (2021). Genome-wide CRISPR/Cas9-knockout in human induced Pluripotent Stem Cell
(iPSC)-derived macrophages. Scientific Reports, 11(1), 4245.
https://doi.org/10.1038/s41598-021-82137-z
3. Uberbacher, C., Obergasteiger, J., Volta, M., Venezia, S., Miiller, S., Pesce, |., Pizzi, S.,
Lamonaca, G., Picard, A., Cattelan, G., Malpeli, G., Zoli, M., Beccano-Kelly, D., Flynn, R.,
Wade-Martins, R., Pramstaller, P. P., Hicks, A. A., Cowley, S. A., & Corti, C. (2019).
Application of CRISPR/Cas9 editing and digital droplet PCR in human iPSCs to generate novel



knock-in reporter lines to visualize dopaminergic neurons. Stem Cell Research, 41, 101656.
https://doi.org/10.1016/j.scr.2019.101656

Vahsen, B. F., Gray, E., Candalija, A., Cramb, K. M. L., Scaber, J., Dafinca, R., Katsikoudi, A.,
Xu, Y., Farrimond, L., Wade-Martins, R., James, W. S., Turner, M. R., Cowley, S. A., & Talbot,
K. (2022). Human iPSC co-culture model to investigate the interaction between microglia
and motor neurons. Scientific Reports, 12(1), 12606. https://doi.org/10.1038/s41598-022-
16896-8

Washer, S. J., Perez-Alcantara, M., Chen, Y., Steer, J., James, W. S., Trynka, G., Bassett, A. R,,
& Cowley, S. A. (2022). Single-cell transcriptomics defines an improved, validated
monoculture protocol for differentiation of human iPSC to microglia. Scientific Reports,
12(1), 19454. https://doi.org/10.1038/s41598-022-23477-2

Dr Kevin Gonzales
Gonzales, K. A. U., Liang, H., Lim, Y.-S., Chan, Y.-S., Yeo, J.-C,, Tan, C.-P., Gao, B,, Le, B., Tan, Z.-Y,,

Low, K.-Y,, Liou, Y.-C., Bard, F., & Ng, H.-H. (2015). Deterministic Restriction on Pluripotent
State Dissolution by Cell-Cycle Pathways. Cell, 162(3), 564-579.
https://doi.org/10.1016/j.cell.2015.07.001

Gonzales, K. A. U., & Ng, H.-H. (2015). Biological Networks Governing the Acquisition, Maintenance,

and Dissolution of Pluripotency: Insights from Functional Genomics Approaches. Cold Spring
Harbor Symposia on Quantitative Biology, 80, 189-198.
https://doi.org/10.1101/sqb.2015.80.027326

Szczerbinska, |., Gonzales, K. A. U., Cukuroglu, E., Ramli, M. N. Bin, Lee, B. P. G., Tan, C. P., Wong, C.

K., Rancati, G. |., Liang, H., Goke, J., Ng, H.-H., & Chan, Y.-S. (2019). A Chemically Defined
Feeder-free System for the Establishment and Maintenance of the Human Naive Pluripotent
State. Stem Cell Reports, 13(4), 612—626. https://doi.org/10.1016/j.stemcr.2019.08.005



