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Project outline 
 

Background. Numerous evidences demonstrate that the excessive consumption of food rich in sweeteners is associated with an increased risk 

of developing metabolic diseases such as fatty liver, alterations of lipid profile, hyperuricemia, visceral adiposity, insulin resistance, type 2 

diabetes mellitus and cardiovascular disease, configuring a clinical picture of metabolic syndrome (MS). It is known that various environmental 

and dietary factors can induce DNA epigenetic modifications, leading to an alteration in gene expression that may be involved in the onset of 

different pathological conditions. The methylation/hydroxymethylation of mitochondrial DNA (mtDNA) is fundamental for mitochondrial 

functioning, and several studies in literature have detected a state of mitochondrial dysfunction in patients suffering from fructose-induced 

metabolic disorders. A study conducted by Yamazaki et al., showed a status of hypomethylation of mtDNA associated with an increase in gene 

expression, in hepatocytes of rats fed a diet enriched in fructose for 14 weeks. These data therefore suggest that MS may be accompanied by 

mtDNA alterations, mitochondrial dysfunction and an alteration of the levels of genetic expression influenced by the methylation status. 

Aim. The aim of my project is to clarify to what extent the use of natural and artificial sweeteners affects the likelihood of developing metabolic 

dysorders, due to epigenetic modifications, specifically alterations of the mtDNA methylation status, and to evaluate the unexplored effects on 

the morphology and viability of an in vitro model of human hepatoma cells (HepG2). 

Progress report – First year  
 

Description of the activities. To evaluate the effects induced by specific sweeteners 

(saccharin, sucrose, aspartame, fructose and stevia) on the expression of mitochondrial genes, 

HepG2 cells will be treated with increasing concentrations of each test sugar (0.1, 1 and 10 

mM), for 24, 48 and 72 hours, in order to mimic chronic exposure.  

Material and Methods.  Cell lines: HepG2 cultured with RPMI medium supplemented with 

10% fetal bovine serum and 1% penicillin/streptomycin. The cells are maintained in a 

humidified incubator, at 5% CO2 and at the constant temperature of 37 °C. Isolation of total 

RNA: to isolate high quality total RNA from cells, Trizol reagent is used. After homogenizing the 

sample with Trizol reagent, chloroform is added, and the homogenate is allowed to separate 

into a clear upper aqueous layer (containing RNA), an interphase, and a red lower organic 

layer (containing DNA and proteins). RNA is then precipitated from the aqueous layer with 

isopropanol. The precipitated RNA is washed to remove impurities, and then resuspended for 

use. Reverse transcription: total RNA is quantified (λ=260nm) and cDNA is synthesized by 

commercial Reverse Transcription kit, according to the manufacturer’s protocol. Quantitative 

Real-Time PCR Analysis (RT-PCR): Differences in the expression of target genes are 

estimated via RT-PCR using SYBR GREEN assay on the newly synthesized cDNA, and the 

Livak method. 

Future Perspectives. In the future, we plan to evaluate the state of 

methylation/hydroxymethylation of the entire molecule of mtDNA, and to examine in vivo in a 

normal mouse model the effects of a diet rich in artificial or natural sweeteners on mtDNA 

content, transcription and epigenetic changes. 
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FIGURE 4. Project design flow chart 

FIGURE 1. The mitochondrion, cellular powerhouse 

FIGURE 2. Schematic illustration of mammalian 

oxidative phosphorylation system. 

FIGURE 3. Schematic representation of human 

mitochondrial DNA 


