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RELAZIONE:   

Over the last decade a new gasotransmitter, hydrogen sulfide (H2S), has emerged and intensive research 

efforts started to unveil its roles in health and disease. Similar to the previously known gasotransmitters - 

nitric oxide (NO) and carbon monoxide (CO) - H2S is a diffusible gaseous molecule, which obeys to a different 

set of rules than most of the other classes of biological mediators and pharmacological agents. H2S can act 

as a vasodilator, cytoprotectant and anti-inflammatory agent at lower concentrations, but it can also trigger 

cytotoxic and deleterious effects at higher concentrations (1). Progress in H2S biology has already produced 

many breakthroughs including the discovery of many roles of H2S in the regulation of cancer disease (2), 

cardiovascular (3) and metabolic functions (4). In the last years, different studies turned the attention to new 

innovative therapeutic approaches based on the modulation of H2S homeostasis. However, there are still 

significant gaps in our knowledge, especially with respect to the most recently discovered H2S-producing 

enzyme, 3-mercaptopyruvate sulfurtransferase (3-MST).  

The synthesis of H2S is present in adipocytes and therefore the question arises as to whether endogenous or 

exogenous H2S could modulate adipocyte maturation and lipid accumulation. Fatty tissue is quantitatively 

one of the most abundant tissues in the human body, however, until recently it was quite neglected and not 

widely studied. For a long time, fatty tissue was considered only as the passive site of energy storage. The 

growing interest in fatty tissue results largely from the markedly increasing prevalence of obesity and related 

co-morbidities, such as hyperlipidemia, impaired glucose tolerance/type 2 diabetes and metabolic syndrome 

(5). Although the pathogenesis of metabolic syndrome was originally attributed to insulin resistance and 

compensatory hyperinsulinemia, other factors) play an important role. In particular, metabolic syndrome is 

associated with chronic low-grade inflammation of fatty tissue characterized by accumulation of pro-

inflammatory macrophages and lymphocytes and overproduction of cytokines and chemokines that 

contribute substantially to the development of the same insulin resistance and comorbidities of metabolic 

syndrome (6). 
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Three major H2S-producing enzymes have been identified: cystathionine gamma-lyase (CSE), cystathionine 

beta-synthase (CBS), and 3-mercaptopyruvate sulfurtransferase (3-MST). All three enzymes use cysteine as 

substrate to produce H2S and each has a unique tissue-specific pattern of expression. The S-sulfhydration of 

specific cysteine reside(s) in target proteins has emerged as an important mechanism of H2S signalling (7). 

These enzymes are found widely in mammalian cells and tissues and produce H2S, which plays multiple roles, 

including regulation of insulin resistance and glucose homeostasis (8).  

The 3-MST system is the most recently identified H2S-producing enzyme, it is present in most mammalian 

tissues, with brain, liver and kidneys exhibiting the highest levels. Two surface exposed cysteines (Cys154, 

Cys263) are involved in intermolecular disulphide formation, affecting its catalytic activity. 3-MST 

distinguishes itself from the other H2S-producing enzymes in that it shows mitochondrial expression - 

although some 3-MST is also present in the cytosol. Thus, 3-MSTderived H2S may serve unique mitochondrial 

(e.g. bioenergetic, metabolic effects) roles, in addition to its potential cytosolic functions (9).   Until recently, 

there were no selective 3-MST inhibitors suitable for biological studies, but in 2017 were identified several 

3-MST inhibitors with micromolar potencies (10). One of them, 2,4-hydroxy-6methylpyrimidin-2-yl-sulfanyl-

1-naphthalen-1-yl-ethan-1-one (HMPSNE) showed high selectivity for 3-MST over other H2S-producing 

enzymes.  

Until recently, most of the necessary experimental tools (knockout animals, selective pharmacological 

inhibitors) were lacking to specifically address the biological roles of 3-MST. So far, with the recent availability 

of these new tools, the current project aimed to fill significant gaps in the field of H2S biology and to define 

the role of the 3MST/H2S pathway in socioeconomically relevant pathophysiological states, as diabetes 

mellitus and obesity, and in colon cancer. 

Recent study demonstrated the role of H2S to promote adipogenesis (11) however, the precise biological 

effect of either endogenous or exogenous H2S on adipocytes and the contribution which this gas makes on 

adipogenesis are not clear. 
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Based on this, the proposed study aimed to determine whether downregulation of 3-MST-derived H2S plays 

a role in the pathogenesis of high-fat induced obesity and metabolic disease and intended to define novel 

roles of the 3-MST/H2S pathway in the process of metabolic reprogramming that underlies the development 

of obesity and metabolic syndrome. 

On the basis of this, to assess the role of the 3-MST/ H2S pathway on adipocyte biology in in vitro, 3T3-L1 cell 

line (murine preadipocytes) were treated using fast- (NaHS) and slow-releasing (GYY4137) H2S donors; 

furthermore, drugs which inhibit endogenous H2S biosynthesis were tested for comparison: the 

cystathionine-beta-synthase (CBS)/cystathionine-gamma-lyase (CSE) inhibitor aminooxyacetic acid (AOAA) 

and HMPSNE. 

3T3-L1 cells, fibroblast-like mouse preadipocytes, from the American Type Culture Collection (ATCC) were 

recovered and incubated (37°C, 5% CO2) in DMEM containing 10% w/v FBS until confluency and then 

incubated in differentiation medium (Advanced DMEM, 1 μg/ml of insulin, 1μM Dexamethasone) for 7 days. 

During this week, differentiation medium was changed every 48 h to allow 3T3-L1 cells to differentiate into 

mature adipocytes. At the beginning, three different protocol set for cells differentiation and treatment have 

been developed, but the results showed a greater effectiveness of the first set (Figure 1).                                                

  

Figure 1. Scheme of differentiation protocol for 3T3-L1 cells 
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According to the first protocol, 3T3-L1 cells were differentiated and treated 2 times, until one week, with: 

 NaHS (10 μM, 30 μM and 100 μM)  

 GYY4137 (1mM, 3mM and 6 mM) 

 HMPSNE (30 μM, 100 μM and 200 μM) 

 AOAA (10 μM, 30 μM and 100 μM) 

The Oil-Red O Staining was performed to stain neutral triglycerides and lipids inside mature adipocytes (12).  

The measurement of H2S concentration in cultured medium was assessed using a sulfonyl azide-based 

fluorescent probe, 2,6-dansyl azide (AzMC) (13).  Cell viability was performed using thiazolyl blue tetrazolium 

bromide (MTT), to observe the effects of H2S on the metabolic activity of cells (14). Western Blotting was 

done to evaluate the H2S-related proteins expression. 

First, the effects of H2S on differentiation of 3T3-L1 derived adipocytes were evaluated observing lipid 

accumulation. As observed (Figure 2), treatment with fast- (NaHS) H2S donors provoked an increase in lipid 

accumulation, while in the cells treated with the slow-releasing H2S donor, GYY4137, was observed a 

decrement in lipid droplets production. The treatment with both H2S inhibitors, mainly at higher 

concentrations, increased lipid droplets formation inside 3T3-L1 cells differentiated (Figure 3). 

Cell viability was performed detecting no cytotoxic effects on adipocytes cells, except at higher 

concentrations of NaHS, GYY4137 and HMPSNE. 

 

 

 

 



6 
 

 

Figure 2. Effects of H2S donors on lipid accumulation 

 

Figure 3. Effects of H2S inhibitor on lipid accumulation 
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Figure 4. Effects of H2S donors and inhibitor on cell viability 

The expression of the H2S-synthesizing enzymes, cystathionine β-synthase (CBS), in adipocytes treated with 

H2S donors increased, while 3-mercaptopyruvate sulfurtransferase (3-MST) expression decreased, mainly at 

the higher concentrations (Figure 5). 

 

 Figure 5. Effects of H2S donors on CBS and 3-MST enzymes 
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Figure 6. Effects of H2S inhibitors on CBS and 3-MST enzymes 

The treatment of H2S inhibitor HMPSNE provoked an augmentated expression of 3-MST and CBS, especially 

at 30 and 100 µM, while the expression of 3-MST and CBS decreased in cells treated with AOAA (Figure 6). 

 

 

Based on our preliminary data, we also anticipate that the studies proposed in this Aim will lay the 

foundations of a novel therapeutic approach against obesity, and this approach will be based on novel effects 

of H2S on adipocyte size, adipocyte browning/whitening and on global metabolic and metabolomic 

processes. 
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