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Glioblastoma is the most aggressive primary brain tumor with a 5 year survival rate of less than 10%. The tumor is able to integrate with healthy tissue, making complete removal with surgery impossible. Immunotherapies have also failed due to the BBB, which tightly regulates transport to and from the brain, the immunosuppressive tumor microenvironment of GBM in which the tumor is able to ‘trick’ nearby immune and non-immune cells into becoming pro-tumor, and, as an immune privileged organ, the brain is able to tolerate the introduction of antigens without eliciting an inflammatory immune response, making it a naturally immunosuppressive enviorment
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Within the TME of GBM, the most abundant immune cells are tumor-associated macrophages or TAMs. TAMs are macrophages that have been polarized by the tumor to a protumor phenotype and secrete factors that aid in tumor growth. TAMs also play a key role in initiating and maintaining the pro-tumor microenvironment of GBM and have been associated with a poorer patient prognosis. By researching TAMs, we hope to identify factors allowing TAMs to survive in the TME and causing the shift towards a pro-tumor phenotype, in hopes of supporting the development of new therapeutics focused on eliminating TAMS 
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To identify immunosuppressive factors in TAMs, the crane lab performed a single cell RNA sequencing of TAMs and found that the protein V-Set And Immunoglobulin Domain Containing 4, VSIG4 for short, was significantly upregulated, and what's interesting about this protein is that it has been correlated with poorer patient prognosis in GBM. Through further investigation, the crane lab also found that VSIG4 increased in expression significantly after adding GBM supernatant.  (Ask more about GBM supernatant experiment)



Groups:
1. Control human macrophages (n=3)

2. VSIG4overexpressing human macrophages (n=3)
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After validating our VSIG4 lentivirus, we looked at global gene expression changes as a result of over expression of  VSIG4. For our assay, we collected mRNA from VSIG4 transduced and transduced macrophages and using nanostring technology, we compare the changes in gene expression. Nanostring technology is a new technology that uses molecular barcodes with a fluorescent tag to bind to mRNA that then uses those molecular barcodes to count the mRNA present in a sample. For the purposes of our experiment, we used molecular barcodes for mRNA associated with metabolic functions.
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Our mRNA analysis showed changes in glutamate-ammonia ligase, or GLUL for short, and glyceraldehyde-3-phosphate dehydrogenase, or GAPDH. 
What’s interesting about these two genes is that they both play a role in what the cell uses to generate ATP. 
GLUL is an enzyme that catalyzes the creation of glutamine from glutamate and ammonia. As an abundant neurotransmitter in the brain, glutamate is readily available for the creation of glutamine, an amino acid that, in excess, can be converted into a fatty acid. This mean that by upregulating GLUL, the cell indirectly increases the availability of fatty acids to be used for energy. 

In contrast, GAPDH is an enzyme that assists in the break down glucose during glycolysis. By down regulating this protein, the cell decreases its ability to carry out glucose metabolism. Since tumor cells proliferate rapidly and rely heavily on glucose for metabolism, there is a shortage of glucose in the TME, and the downregulation of this protein does not only indicate a shift away from using that glucose to generate energy, but by decreasing glucose metabolism, the cell also helps the tumor cells grow by making more glucose available to the tumor cells.
Together, these two changes in gene expression work to shift the macrophage from a glucose metabolism to a fatty acid metabolism which increases the cells ability to survive despite the shortage of glucose


Conclusions and future directions

VSIG4 plays a crucial role in TAM survival and due to VSIG4’s role in TAM
survival, it is a strong candidate for further study

Using this information, we can:
> Run further experiments on VSIG4 examining the molecular factors
causing its overexpression
> Examine other genes that may have arole in shifting TAMs to a fatty
acid metabolism

A

Engineer immunotherapies targeting VSIG4
Block the upregulation of VSIG4 in TAMs
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Our results from this experiment show us that VSIG4 plays a crucial role in the ability to TAMs to survive in the TME of GBM and its role in TAM survival makes it a strong candidate for future immunotherapies. While we have discovered that VSIG4 does play a significant role in shifting TAMs to a fatty acid metabolism, we do not know the molecular causes of its over expression or other genes that may play a role in shifting TAMs to a fatty acid metabolism. Further research may focus on understanding the molecular mechanisms causing the upregulation of VSIG4 in TAMs, identifying all of the genes involved in shifting TAMs towards a fatty acid metabolism, and future immunotherapies may involve targeting VSIG4 and blocking the upregulation of VSIG4 in TAMs
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