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Abstract 
Drosophila melanogaster is widely used as a model organism to study the innate immune system, 

which consists of humoral and cellular immune responses. The humoral immune response is 

mediated by antimicrobial peptides, and is induced by bacterial and fungal infections. The cellular 

immune response is mediated by blood cells (hemocytes), and is induced by bacterial and wasp 

infection. While the humoral immune response of Drosophila has been studied extensively, the 

cellular immune response is less well understood.  

In this work, I investigated the communication between different signaling pathways and tissues in 

Drosophila during infection by the parasitic wasp Leptopilina boulardi. I find that JAK/STAT 

signaling is strongly activated by wasp infection, in both hemocytes and (unexpectedly) larval 

skeletal muscles. This activation is mediated by the cytokines Upd2 and Upd3, which are secreted 

from circulating hemocytes. Deletion of upd2 or/and upd3 weakens the wasp-induced activation of 

JAK/STAT signaling in skeletal muscles and the cellular immune response to wasp infection. The 

suppression of JAK/STAT signaling also significantly weakens the cellular immune response in 

skeletal muscles, but not in fat bodies and hemocytes. Together, these results suggest that rather 

than being uninvolved bystanders, Drosophila skeletal muscles actively participate in cellular 

immune responses against wasp infection.  

To answer how Drosophila larval muscles participate cellular immune response, I mini-screened the 

effects of several immune related signaling pathways in the muscles and the fat body on the cellular 

immune response. Interestingly, the cellular immune response was only significantly compromised 

by the suppression of insulin signaling in skeletal muscles, in a way that was very reminiscent of the 

phenotypes induced by suppressing JAK/STAT signaling in muscles. While wasp infection activates 

JAK/STAT signaling in muscles, it has the opposite effect on insulin signaling. In addition, I find 

that insulin signaling and JAK/STAT signaling in muscles can cross-talk with each other. 

Suppression of either insulin or JAK/STAT signaling in muscles leads to reductions in glycogen 

storage in muscles, the trehalose concentration in the hemolymph, and the frequency of feeding 

behavior. All these results indicate that JAK/STAT and insulin signaling in Drosophila skeletal 

muscles regulate cellular immune responses via their effects on carbohydrate metabolism. Our 

findings shed new light on the interactions between diabetes, metabolism, the immune system, and 

tissue communication 
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