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Following Prof. Hideo Kimura’s seminal discovery (1996) of its role as a neuromodulator in the brain [1], various regulatory roles of the endogenous gaseous transmitter hydrogen sulfide (H2S) have been discovered in mammalian cells in health and disease. These roles include—among others—various transmitter and modulator roles in the nervous system, regulatory roles in the cardiovascular system (modulation of vascular tone, angiogenesis, and cardiac function), modulatory effects on various aspects of cellular metabolism, and regulatory roles in a multitude of conditions in health and disease. The physiological roles and the pharmacological modulation of H2S have been summarized in two recent, comprehensive review articles [2,3], while various pathophysiological aspects of H2S are covered in various specialized review articles, e.g., [4,5,6,7,8,9,10].



The goal of this Special Issue was to honor the 25th anniversary of the publication of Prof. Kimura’s landmark paper, and to showcase some of the most recent developments in the field of H2S biology. Professor Kimura himself has prepared a recent update on H2S and polysulfide signalling, with particular emphasis on its roles in the central nervous system—a field that was initiated by him and where his group has made multiple seminal contributions over the last 25 years [11]. This Special Issue was also accompanied by the publication of a mini-interview with Prof. Kimura to highlight the circumstances of the initial discovery 25 years ago and his perspective on the subsequent expansion of the H2S/polysulfide field (https://blog.mdpi.com/2021/02/15/4425-revision-v1; accessed on 20 September 2022.



This Special Issue featured several additional review articles focusing on various specialized aspects of H2S biology. With respect to pathophysiological aspects, Beck and Pfeilschifter summarized the current state-of-the-art on the role of H2S—on its own, as well as in concert with other gasotransmitters such as nitric oxide and carbon monoxide—in the modulation of renal glomerular diseases [12]. In addition, Frederic Bouillaud has written a review on the bioenergetic aspects of H2S, with focus on sulfide oxidation [13]. With respect to methodological aspects, Echizen, Sasaki and Hanaoka summarized some of the current methods and techniques for the detection of H2S and related molecules, using, among others, LC/MS, Raman imaging and fluorescent probes [14]. In the emerging field of therapeutic applications of H2S biology, Merz and colleagues from the University of Köln have written an article on the potential therapeutic applications of sodium thiosulfate—a clinically approved compound—which serves, among other pharmacological actions, as a slow-releasing H2S donor and may be clinically useful in various pathophysiological conditions associated with H2S deficiency [15]. On a related subject, Piragine and colleagues from the University of Pisa have written an article on natural H2S donors (such as allyl sulfide compounds and organic isothiocyanates) as potential therapeutic agents in hypertension [16]. A common theme between these two review articles is that both approaches seek to expedite clinical application of H2S without engaging the standard (and lengthy and—for most academic groups—prohibitively expensive) full-scale ‘original drug development approach’: in the case of thiosulfate, through the drug repurposing/repositioning approach; in the case of natural compounds, through the potential utilization of natural supplements.



With respect to original articles, the wide variety of approaches and model systems (ranging from lower organisms such as Drosophila to murine models and human cell systems), and the wide variety of disease conditions (from hypertension to kidney disease and colon cancer) covered in the Special Issue further illustrates the wide-ranging roles and functions of H2S in health and disease. Regarding the physiological regulatory aspects of H2S in the central nervous system, Zatsepina and colleagues delineated the genes involved in the regulation of H2S homeostasis in Drosophila in the context of learning and memory formation [17]. It should be mentioned that the original article of Prof. Kimura in 1996 has already predicted that H2S might have such roles in the central nervous system; this prediction has since been confirmed in multiple models and experimental systems [3].



Two original articles published in this Special Issue focused on the actions of mitochondrially targeted H2S. da Costa Marques and colleagues demonstrate the vasorelaxant effects of the mitochondrially targeted H2S donor, AP39, in mouse mesenteric rings [18], while Juriasingani and colleagues demonstrate the beneficial effect of the same compound in a renal graft reperfusion model [19]. Since the initial description and characterization of this donor in 2014 [20,21], this compound has been used in a wide variety of models and systems, either as a vasorelaxant or as a cytoprotective agent. The fact that it targets H2S to the mitochondria can be also considered in the context of the review of Prof. Bouillaud [13] already mentioned above.



Several studies that appear in this Special Issue utilized H2S salts such as NaHS or Na2S, which are often referred to in the literature as “fast-acting H2S donors”, although this terminology (as well as the actual delivery of H2S to biological systems performed this way, which creates high peak concentrations and is not a good way to mimic the endogenous H2S biosynthesis) is not without problems, as discussed in recent reviews [2,3]. Nevertheless, using this pharmacological approach, various protective and beneficial effects of H2S have been highlighted in this Special Issue, such as improved insulin signalling in the adipose tissue [22] and protective effects in a model of kidney ischemia-reperfusion [23].



Finally, a group of articles published in this Special Issue focused on the role of H2S in various forms of cancer. Since the demonstration [24] that the H2S-producing enzyme CBS is overexpressed in colon cancer, and that it plays various cancer-cell-supporting roles (such as cytoprotection, proliferative effects, pro-angiogenic effects and others), this field has steadily expanded (as reviewed recently in [10]). In the current Special Issue, Wrobel’s group published two articles focusing on the expression patterns of various H2S-producing enzymes in a variety of commonly used cell lines, and identified some commonalities as well as important cell-type-differences [25,26]. Moreover, in a study utilizing a patient-derived xenograft model, our own group has demonstrated that those colon cancers that express higher levels of CBS, when implanted onto nude mice, proliferate faster and respond better to pharmacological CBS inhibition than those colon cancers that express low levels of CBS [27]. These observations—together with several other lines of recently emerging data regarding the importance of H2S overproduction in various cancers [28,29,30]—may help with the future clinical translation of the CBS inhibition concept for the experimental therapy of cancer.
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