
 

PROPOSAL AS DIRECTOR OF STUDIES &  
RESEARCH PROJECT 

MO-PHDMM-1 
Rev. 06 del 04/03/2022 

Page 1 di 2 

 
PROJECT 1 

DoS: SIMONE CARDACI 

Title: Studying immunometabolic alterations in age-related diseases 

Curriculum:  

Link to OSR/UniSR personal page:   

Project description (Number of characters, including spaces: 2.000 - 3.000): 

 
Cancer is considered an age-related disease, with most individuals are diagnosed after the fifth or 
sixth decade of life1. Interestingly, many of the biological processes driving cancer development 
overlap with the hallmarks of aging, such as genomic instability, alterations in cellular senescence, 
inflammation as well as mitochondrial and metabolic dysfunctions1,2. In cancer cells, changes in redox 
homeostasis, bioenergetics and central carbon metabolic fluxes are instrumental to meet the 
combined biomass and energy demands imposed by uncontrolled cell growth3. Although metabolic 
reprogramming has been thought for decades as a mere adaptation to any conditions altering cell 
fitness, acquisition of growing knowledge demonstrates that it plays instrumental roles in driving 
malignant transformation. In this context, of particular interest is the tricarboxylic acid (TCA) cycle, a 
housekeeping metabolic pathway responsible for generation of redox cofactors, enabling 
mitochondrial ATP biosynthesis, and anabolic intermediates4. Hereditary mutations inactivating 
succinate dehydrogenase (SDH), enzyme responsible for oxidation of succinate in the TCA cycle 
predisposes individuals to familiar forms of aggressive neuroendocrine and renal tumours with severe 
metabolic alterations. Furthermore, SDH ranks among the most frequently suppressed mitochondrial 
enzyme in cancer and its expression/activity correlates with patient's survival in common 
malignancies, such as renal cell carcinomas (RCC)4. How cancer cells adapt to mutational SDH 
deficiency and cope with a dysfunctional TCA cycle remains mostly unsolved5. The student will aim at 
generating further mechanistic understanding of the metabolic reprogramming imposed by SDH loss 
in cancer by using cell biology, functional genomics, and metabolomics-integrated approaches. 
Identifying of genes essential for the growth of SDH-deficient cells, but dispensable in normal 
counterparts, will disclose cancer-specific metabolic vulnerabilities exploitable for benefit of cancer 
patients. 
Beyond regulating cell transformation, oxidation of succinate is central to the response of 
macrophages to inflammatory stimuli and, in line with this, it has instrumental roles in the pathogenesis 
of inflammation-driven inflammatory diseases6. In macrophages, succinate oxidation is inhibited by 
the accumulation of itaconate, a metabolite synthetized from the decarboxylation of cis-aconitate 
(produced in the TCA cycle), in a reaction catalyzed by the enzyme Aconitate Decarboxylase 1 
(ACOD1)7.  Itaconate acts as metabolic regulator of macrophage activation, in part by suppressing 
SDH function. Recently, itaconate was identified as a metabolite enabling growth of tumours in mice8,9. 
However, the mechanisms underlying such tumour-supportive functions remain largely unexplored. 
On the basis of this, the student will aim at generating mechanistic understanding of the metabolic 
reprogramming imposed by itaconate in the development of macrophage-driven malignancies. 
 
 

Skills to be acquired by the student (Number of characters, including spaces: max 600): 

 
The student will develop expertise in a wide range of biochemical, molecular and cellular biology 
techniques necessary to interrogate biological systems, in vitro and in vivo, for understanding, 
metabolic processes underlying cancer development and identifying cancer-specific vulnerabilities. In 
particular, she/he will acquire proficiency in establishment and maintenance of stable and primary cell 
lines, retroviral and lentiviral infections, RNA-interference and gene editing techniques 
(CRISPR/Cas9), metabolomics (liquid chromatography-mass spectrometry) analysis, Western 
Blotting and hands-on experience in mouse models of tumours. Importantly, the student will develop 
ability in generate original hypotheses, design and conduct experiments to answer novel biological 
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questions, develop new protocols and techniques, analyze and interpret data, advise and assist 
colleagues technically and analytically with their own projects, write and review original papers. 
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