
Functions of leptin in tuberculosis and diabetes: multi-omics studies
across species
Ding, Y.

Citation
Ding, Y. (2021, December 7). Functions of leptin in tuberculosis and diabetes: multi-omics
studies across species. Retrieved from https://hdl.handle.net/1887/3245305
 
Version: Publisher's Version

License: Licence agreement concerning inclusion of doctoral thesis in the
Institutional Repository of the University of Leiden

Downloaded from: https://hdl.handle.net/1887/3245305
 
Note: To cite this publication please use the final published version (if applicable).

https://hdl.handle.net/1887/license:5
https://hdl.handle.net/1887/license:5
https://hdl.handle.net/1887/3245305




7 
 





9 
 



 

10 
 

 

Figure 1. The structure and physiological functions of leptin. A. The structure of human leptin protein 

shows a four-helix bundles similar to that of the long-chain helical cytokine family [20]. B. Leptin is 

produced by a variety of tissues, for instance by white adipose tissues (in the middle) and it has diverse 

functions in several organs and molecules. Figure 1B is similar to the figure of Zabeau et al., 2016 [21]. 
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https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/molecular-interaction
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Figure 2 (following page). Zebrafish as an excellent model organism for tuberculosis studies. Zebrafish 

embryos were injected with 30 colony forming units of M. marinum bacteria into the yolk at 4 hours post 

fertilization. Images were acquired at 5 days post infection. M. marinum strain M was transformed with a 

plasmid encoding the green fluorescent Wasabi protein, therefore it can be visualized with a fluorescent 

microscope. A. A whole zebrafish larva showing M. marinum infection in the yolk and tail (Y. Ding 

unpublished data). B. An enlargement of a mycobacterial cluster in the tail of the zebrafish larva. C. A 
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schematic diagram illustrates the morphology of the granuloma. The diagram is adapted from Masud et 

al., 2017 [72].  
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Figure 3 (previous page). Leptin signaling pathways. The figure is adapted from Kwon et al., 2016 [93]. 

Leptin binds to leptin receptor resulting in the activation of JAK-STAT, SHP2-ERK and IRS-PI3K pathways. 

The activated JAK prompts the phosphorylation of tyrosine residues which is involved in the dimerization 

of STAT3 and STAT5. Dimerized STAT3 and STAT5 then translocate into the nucleus and mediate the 

transcriptional expression of the targeted genes including POMC, which is involved in the regulation of 

appetite and body weight. In addition, the activation of tyrosine residues recruits SHP2 and GRB2, leading 

to the phosphorylation of ERK. The activated ERK translocates into the nucleus and regulates the 

expression of genes associated with energy homeostasis. Furthermore, upon leptin binding, activated JAK 

phosphorylates IRS, resulting in the activation of PI3K and AKT. This, on one hand, leads to the inactivation 

of FoxO1 by sequestering from nucleus to cytoplasm. On the other hand, AKT activates mTORC1 that 

subsequently activates S6K causing the phosphorylation of the AMPK α subunit and inhibition of AMPK 

activity. This pathway plays important roles in control of appetite and protein metabolism. 
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Figure 4. Leptin mediates a glucose-fatty acid cycle to maintain glucose homeostasis in starvation. The 

figure is adapted from Perry et al., 2018 [94]. In prolonged starvation, glucose generated from hepatic 

glycogenolysis is reduced, resulting in a decrease of plasma insulin and leptin concentrations. 

Hypoleptinemia is a critical signal to increase WAT lipolysis via the HPA axis activity. This accordingly results 

in an increase of hepatic acetyl-CoA content, ketogenesis and hepatic pyruvate carboxylase activity, 

therefore maintaining the glucose homeostasis during starvation. Orange arrows mean an increase and 

blue arrows mean a decrease. HPA: hypothalamic-pituitary-adrenal axis, WAT: white adipose tissues.  
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Figure 5 (previous page). Short-read, long-read and direct RNA-seq technologies and workflows. The 

figure is adapted from Stark 2019 et al [120]. A. An overview of library preparation methods for different 

RNA-seq methods. Black: short-read sequencing. Green: long-read cDNA sequencing. Blue: long-read 

direct RNA sequencing. B. An overview is shown of three main sequencing technologies for RNA-seq. C. 

Comparison of short-read, long-read and direct RNA-seq analysis.  
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