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Background – An important Biomedical Problem and a new original approach 

Obesity and associated disorders are a major and increasing problem for the western world 

for which there is an urgent need to develop novel therapies. Brown adipose tissue (BAT) is an energy 

dissipating “machine” with great therapeutic potential. However, BAT in humans is limited and 

poorly characterised. BAT is the main site of non-shivering thermogenesis in mammals and is 

activated and recruited in response to cold and a hypercaloric diet, a process referred to as adaptive 

thermogenesis [1, 2]. BAT activation decreases body fat content, reduces plasma triglycerides [3] 

and improves glucose homeostasis in mice [4-6].BAT is also present and functional in young lean 

human adults, and its tissue mass is inversely related to human adiposity suggesting a potential 

causal relationship [7-8]. This evidence supports the concept that increasing BAT mass/activity 

or browning of WAT could be a safe and efficient strategy to prevent or treat obesity [4] and 

its associated complications. Of note activation of BAT has recently been linked to the 

functional state of adipose tissue macrophages (ATMs). Thus, we propose to use human 

pluripotent stem cells as a tool to give us a unique insight into the biology of human brown 

adipocytes and its interactions with human macrophages. 

Preliminary results: Towards this goal, Vidal-Puig and Dougan’s labs have already 

developed step by step protocols for directed differentiation of human iPS cells into WAT and 

BAT and macrophages respectivel [9,10]. Both groups are partnering in the study of molecular 

interactions between adipocytes and ATMs using advanced co-culture systems. In addition to 

hypothesis driven mechanistic studies, we are generating large scale RNASeq, proteomics, 

phosphoproteomics and metabolomics datasets after co-culturing iPS derived BAT, WAT and 

Macs under different polarising conditions [13]. Preliminary analysis of the RNA-seq data 

generated on the developmental states of adipocytes has already uncovered significant changes in 

gene expression during the course of this development. 

Specific Objective: In this project, we propose to combine adipocyte and macrophage 

expertise of TVP lab and Dougan lab (both laboratories are currently co-localised within Sanger 

Institute) with bioinformatics expertise of Steinbeck group to integrate these multi-omics dataset 

to build a quantitative model. This model will be then mined to identify the key molecular 

interactions between adipocyte and ATMs that promote BAT activation and WAT browning. We 

will use this model to understand key changes during adipocyte differentiation, the mechanisms of 

cell commitment to these changes, possibly hidden cell states, and to identify candidate targets to 

develop novel therapeutics to induce BAT recruitment/WAT browning and thereby treat metabolic 

disorders. The experience gained on this will be transferable and applicable to other metabolic 

disorders. 

 

Research plan 

In a first phase, the fellow will develop an integrated network model of signal transduction, 

gene regulation and metabolism in differentiating and mature brown/beige adipocytes; and 

establish role of polarised macrophages in these processes This model will be built using the 

transcriptomics, metabolomics/lipidomics, and proteomics data generated in TVP and Dougan labs 

from human PSC-derived brown/beige adipocytes and macrophages along with prior knowledge 

of the underlying molecular pathways obtained from repositories at EBI (e.g. Reactome, 
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Biomodels) and elsewhere (KEGG, BioCyc, WikiPathways). Data coming from BAT isolated 

from mouse embyos and cold vs thermoneutrality exposed mice will be used to validate the model. 

While well-established mathematical models for individual levels exist, integrating these different 

layers is an important challenge [11]. During this project the fellow will receive training in 

dynamic (ODE) and stationary models (FBA, FVA, etc) of metabolism, and discrete logical 

networks for gene regulation and signalling. A differential equation model of relevant areas of 

metabolism will be integrated with signalling and regulation as described in [12]; Larger Flux 

Balance Analysis stationary models of metabolism will be integrated with expression data using 

different approaches [13]. Both strategies will provide complementary views, one more focused 

and the other more general.  The data integration will require RNA-Seq data analysis, to be done 

with the existing IRAP pipeline [14] developed within the EBI, and metabolomics data analysis, 

which will be done with existing metabolomics workflow environments [15, 16], scaled within the 

PhenoMeNal project of CS lab. Senior members at the CS lab are well acquainted with the IRAP 

RNA-Seq pipeline, metabolomics data analysis [17], and dynamic/stationary modelling of 

metabolism [18, 19]. CS lab has close collaborators as well with a track record in modelling, such 

as Kieran Patil at EMBL. 

 The human PSC-derived brown/beige adipocytes used to build the model will be 

differentiated using chemically define protocols mimicking the physiological/natural 

differentiation processes of these cells, from the mesodermal to the mature active state. There is 

limited knowledge about the development of human BAT and its potential recruitment in adults 

and the role that macrophages may play on this process. Therefore until now we relied on insights 

from knockout and Cre-recombinase-based lineage tracing mouse models. It is crucial to validate 

these insights in a human developmental model system since understanding the origins of the 

BAT/brown like lineages and mapping the transcriptomes, signalling pathways and metabolism of 

BAT/beige cells precursors is key in order to understand their function in the adult and in metabolic 

disease. 

 In a second phase, the fellow will use the model to identify novel pharmaceutical strategies 

to induce BAT generation/WAT browning. The model will be used to evaluate in silico the 

potential effect of drugs on adipocytes. In combination with this model and the existing data, we 

will use available data sets describing gene expression upon drug treatment. It has been shown that 

gene expression data of this sort provides insight into a drug’s mode of action and can suggest 

novel actions [20]. Methods developed in the CS group and elsewhere to leverage this data will be 

used. The best candidate molecules will be applied to the human pluripotent stem cell models to 

confirm their capacity to induce brown/beige adipogenesis in vitro. Experiments will be performed 

with the support of Stefania Carobbio at WTSI. 

 In summary, the fellow will (i) build a mechanistic models of human brown fat 

development/ activation by macrophages and WAT browning; ii) use it to propose novel 

therapeutic interventions (e.g. involving macrophages) to induce and activate brown and brown-

like adipocytes, and (iii) test these hypothesis on human stem cell models. This project will provide 

the fellow state of the art interdisciplinary training in the analysis and integration of different 

‘omics’ data, network modelling and systems pharmacology, as well as in pluripotent stem cells, 

adipocyte’s biology and brown/beige fat physiology. 
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