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A B S T R A C T

Hydrogen sulfide (H2S), produced by various endogenous enzyme systems, serves various biological regulatory

roles in mammalian cells in health and disease. Over recent years, a new concept emerged in the field of H2S

biology, showing that various cancer cells upregulate their endogenous H2S production, and utilize this mediator

in autocrine and paracrine manner to stimulate proliferation, bioenergetics and tumor angiogenesis. Initial work

identified cystathionine-beta-synthase (CBS) in many tumor cells as the key source of H2S. In other cells, cy-

stathionine-gamma-lyase (CSE) has been shown to play a pathogenetic role. However, until recently, less at-

tention has been paid to the third enzymatic source of H2S, 3-mercaptopyruvate sulfurtransferase (3-MST), even

though several of its biological and biochemical features - e.g. its partial mitochondrial localization, its ability to

produce polysulfides, which, in turn, can induce functionally relevant posttranslational protein modifications -

makes it a potential candidate. Indeed, several lines of recent data indicate the potential role of the 3-MST

system in cancer biology. In many cancers (e.g. colon adenocarcinoma, lung adenocarcinoma, urothelial cell

carcinoma, various forms of oral carcinomas), 3-MST is upregulated compared to the surrounding normal tissue.

According to in vitro studies, 3-MST upregulation is especially prominent in cancer cells that recover from

oxidative damage and/or develop a multidrug-resistant phenotype. Emerging data with newly discovered

pharmacological inhibitors of 3-MST, as well as data using 3-MST silencing approaches suggest that the 3-MST/

H2S system plays a role in maintaining cancer cell proliferation; it may also regulate bioenergetic and cell-

signaling functions. Many questions remain open in the field of 3-MST/cancer biology; the last section of current

article highlights these open questions and lays out potential experimental strategies to address them.

1. Introduction

Hydrogen sulfide (H2S) is now commonly accepted as a gaseous

biological transmitter in mammalian cells. It belongs to a class of gas-

eous molecules (gasotransmitters), together with nitric oxide (NO) and

carbon monoxide (CO). Several distinct mammalian enzyme systems

producing H2S have been characterize in detail. Most commonly, three

'classical' H2S-producing enzymes are recognized: cystathionine-γ-lyase

(CSE), cystathionine-β-synthase (CBS) and 3-mercaptopyruvate sulfur-

transferase (3-MST) (reviewed in 1–3), although there are several ad-

ditional accepted or putative enzymatic sources of H2S, including D-

amino acid oxidase [4,5] and methanethiol oxidase [6]. Moreover,

several non-enzymatic processes can also yield H2S in biological sys-

tems [2].

As a labile, diffusible molecule, H2S obeys to a different set of rules

than most other classes of biological mediators and pharmacological

agents. It can rapidly travel from one cell compartment to another, or

from one cell to a surrounding cell, and it can initiate signaling through

interactions with a wide variety of molecules [1,2]. In these signaling

actions, a unique post-translational protein modification process,

termed sulfhydration, plays an important role [7,8].

Commonly recognized biological roles of H2S - at lower con-

centrations - include actions as a vasodilator, cytoprotectant and anti-

inflammatory agent. However, H2S also has a characteristic bell-shaped

or biphasic biological character: it exerts cytotoxic and deleterious ef-

fects at higher concentrations [1–3]. The cellular level of H2S (and

consequently, the biological character of H2S) is heavily influenced not

only by its rate of enzymatic production, but also its degradation.
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Several H2S-metabolizing systems have been characterized, including

rhodanese and Ethylmalonic Encephalopathy 1 Protein (ETHE1) [9].

The biological roles of H2S has been intensively studied in health

and disease. Specialized, comprehensive review articles focus on the

historical aspects of H2S biology [10], on pharmacological modulation

of H2S biology (such as pharmacological inhibitors of H2S-producing

enzymes, and the various classes of small molecule H2S donors that can

deliver H2S for biological purposes) [2], as well as on the physiological

and pathophysiological roles of H2S in various fields, such as the car-

diovascular system [11,12] or the central and peripheral nervous

system [13,14]. The emerging role of H2S in cancer biology has also

been the subject of several recent reviews, predominantly with a focus

on the pathogenetic roles of CBS or CSE [15–17].

2. 3-MST, a source of H2S and polysulfides in mammalian systems

3-MST has been known as a mammalian protein for several decades

[18]. It is a 33 kDa, Zn-dependent enzyme, which exists in a monomer-

dimer equilibrium, with 3-MST monomer being the active form. Cys154

and Cys263 are involved in intermolecular disulfide formation, which

affects the activity of the enzyme [18] (Fig. 1).

3-MST shows both cytosolic and mitochondrial localizations [19].

The intracellular distribution may be, at least in part related to two

splice variants of the enzyme. Both of these variants (TUM1-Iso1 and

TUM1-Iso2) have similar enzymatic activity, but different localization:

TUM1-Iso1 is cytosolic, while TUM1-Iso2 exists both in the cytosol and

in mitochondria [20]. 3-MST appears to be present in all mammalian

tissues, although its expression levels are tissue-dependent; kidney,

liver, brain, testes, large intestine and endocrine organs show especially

high expression levels [18].

With respect to 3-MST's biological function, early studies char-

acterized it as an intracellular antioxidant and detoxification enzyme

[18]. 3-MST is also involved in the thiolation of cytosolic tRNAs - in this

field of research, another nomenclature is used, and 3-MST is termed as

is termed TUM1 (tRNA thiouridin modification protein 1) [20].

The fact that 3-MST is a "reactive-sulfur-producing" and/or H2S-

producing enzyme has been accumulating for several decades. The

capacity of 3-MST to produce polysulfides has been demonstrated by

Hylin and Wood as early as 1959 [21]. Based on studies by Ogasawara

and colleagues [22] and Wrobel and colleagues [23], already in 2004,

Kamoun was attributing a H2S-producing capability to 3-MST [24].

Studies by Shibuya and Kimura in 2009 in endothelial cells and in

neuronal tissues have further confirmed and extended these findings

[25]. Subsequent work by the Kimura group characterized the various

sulfur-species produced by 3-MST and identified several species, with

putative biological activity such as H2S2 and H2S3 [26,27].

It is a combined action of 3-MST and a second enzyme (cysteine

aminotransferase or CAT; also known as L-cysteine:2-oxoglutarate

aminotransferase, aspartate aminotransferase or aspartate/cysteine

aminotransferase) is required for the biological synthesis of H2S. The

Fig. 1. Structure and function of 3-MST. (A)

3-MST is a 33-kDa protein where the C-term-

inal is catalytically active. The catalytic site

cysteine, Cys247, is redox-active and is oxi-

dized to form sulfenyl cysteine, which, in turn,

gets reduced to the active form by thioredoxin

(Trx). Cys247 serves as an intrasubunit redox-

sensing switch. (B) The production of H2S by 3-

MST in the presence of Trx or dihydrolipoic

acid (DHLA). 3-MST reacts with 3M P to pro-

duce H2S via a persulfide intermediate. Trx or

DHLA accepts a sulfur atom from a persulfide

intermediate that is attacked by another thiol

and releases H2S. The figure and its legend are

reproduced by permission from [2].
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molecular mechanism of 3-MST-mediated H2S production involves the

transfer of the sulfur from 3-mercaptopyruvate to a nucleophilic cy-

steine (Cys247) in its active site; the protein persulfide then yields H2S

through the action of intracellular reductants (e.g. thioredoxin, dihy-

drolipoic acid) or various intracellular enzymes [18,28,29].

The biochemical properties of 3-MST are such that in the in-

tracellular environment it is more prone to the formation of poly-

sulfides, than the formation of H2S [26,27]. Polysulfides are now in-

creasingly recognized as biological signaling molecules, with properties

that are distinct from those of H2S. For instance, a solid body of ex-

perimental evidence indicates that cysteine sulfhydration (Cys-SH) to

Cys-SSH; a functionally important posttranslational modification com-

monly attributed to H2S), is the consequence of the action of biologi-

cally active polysulfides - and not a direct effect of H2S [29,30], while

H2S can S-sulfurate Cys-SOH and Cys-SNO to Cys-SSH [31]. The mul-

tiple biochemical mechanisms of cysteine-sulfhydration remain to be

further studied, especially in the cellular environment, where increased

H2S production and increased polysulfide accumulation tends to go

hand in hand.

3-MST contains a critical catalytic site cysteine, Cys247, which is

redox sensitive [18]. Accordingly, oxidative stress has been shown to

suppress the catalytic activity of 3-MST, thereby suppressing 3-MST-

mediated H2S production [32–34].

It should be mentioned that the substrate of 3-MST, 3-mercapto-

pyruvate, can also generate H2S spontaneously (i.e. through non-en-

zymatic mechanisms) [35,36]. Whether this effect has biological re-

levance remains to be determined, nevertheless this effect can

complicate the interpretation of biological experiments, especially

when higher (high micromolar or low millimolar) concentrations of 3-

mercaptopyruvate are applied.

One of the problems that has limited the progress of 3-MST research

was the fact that potent or selective pharmacological inhibitors of 3-

MST were not available. This situation has recently been, at least in

part, rectified, when, through a high-throughput screening of a diverse

chemical compound library, Hanaoka and colleagues identified several

new small-molecule inhibitors with good potency and fairly good se-

lectivity for 3-MST (over the other H2S-producing enzymes CBS and

CSE) [37] (Fig. 2). (Whether these compounds have secondary phar-

macological activity on other enzymes remains to be determined.) Al-

though it would be preferable if several, additional, chemically distinct

classes of 3-MST inhibitors were available, the Hanaoka compounds

represent a good starting point and initial tools to characterize the

biological roles of the 3-MST system through pharmacological experi-

ments.

How the expression and/or activity of 3-MST is regulated by phy-

siological factors, hormones, or various (patho)physiological conditions

is largely unknown. An early study by Wrobel and colleagues demon-

strated that mitochondrial (but not cytosolic) 3-MST activity is reduced,

when animals were treated with thyroxine [38]. In several in vitro

studies, hypoxia has been demonstrated to increase 3-MST expression

[39–41].

Even though 3-MST is ubiquitous, and it appears to be involved in

multiple important biological processes, global deletion of 3-MST does

not create a robust phenotype [42] - perhaps due to the fact H2S and

polysulfides are also be produced by enzymatic sources other than 3-

MST as well. One characteristic feature of the 3-MST-deficient animals

is an anxiety-like behavior, which may be associated with the elevated

levels of serotonin in the central nervous system of the 3-MST deficient

animals [42]. Whether these alterations are the consequences of H2S or

polysulfide signaling processes is currently unknown.

In humans, genetic polymorphisms for 3-MST has been demon-

strated, with various intronic polymorphisms and a nonsense mutation;

the functional consequence of these polymorphisms is a reduction in 3-

MST catalytic activity [43]. There is a very rare human inheritable

disease caused by 3-MST deficiency, called mercaptolactate-cysteine

disulfiduria (MCDU) [44].

3. Expression of 3-MST in cancer

Since 3-MST is expressed constitutively in all somatic cells, it is

probably not surprising that it is also expressed in various cancer cells.

One of the early studies focusing on the expression of 3-MST in cancer

cells was conducted by Wrobel's group in 2011: significant amounts of

3-MST expression and enzymatic activity were found in all 5 in-

vestigated human neoplastic cells lines (the U373 astrocytoma line, the

SH-SY5Y neuroblastoma line and two melanoma cell lines, A375 and

WM35). Compared to CSE, 3-MST expression and 3-MST specific ac-

tivity were substantially higher in these cell lines, leading to the con-

clusion that 3-MST is a more significant source of H2S than CSE in these

cells [45,46]. Additional cancer cell lines where 3-MST expression and/

or catalytic activity has been demonstrated include the glioblastoma-

astrocytoma cell line U-87 [46], various hepatoma lines (Hepa1c17 and

HepG2) [47,48], various colon cancer cell lines (HCT116, LoVo, HT-29)

[49–51], various lung adenocarcinoma lines (A549, H522, H1944)

[52,53], a renal cell carcinoma line RCC4 [54], various urothelial

cancer cell lines [55,56] and in various melanoma cell lines (A375, Sk-

Mel-5, Sk-Mel-28 and PES 43) [57]. Please note that many of these cell

lines - e.g. A549 cells have abundant thioredoxin-reductase [58]; this

would be expected to facilitate the function of the 3-MST system.

Interestingly, 3-MST was found to be upregulated in cancer cell lines

that are multidrug-resistant and/or exhibit stem-like properties when

they recover from a stressful/cytotoxic stimulus [48,50]. This ob-

servation suggests (but certainly does not prove) that 3-MST may confer

some cytoprotective or otherwise advantageous (for the tumor cell)

roles in advanced/drug-resistant cancers.

As far as primary tumor tissues, 3-MST expression has been de-

monstrated in human brain gliomas, where its activity tended to de-

crease with higher grades of the malignancy [59]. In this context, it is

also interesting to note that glioblastoma-bearing ipsilateral hemi-

spheres were found to contain greater amounts of H2Sn than the glio-

blastoma-free control hemispheres [60]. In contrast, in human mela-

noma specimens, the expression of 3-MST was detectable with some

frequency (25–50% of the sections analyzed) and it was undetectable in

the other portion (50–75% of the sections) [57]. In human colon cancer

resections [51], in human lung carcinoma resections [52], in human

urothelial cell carcinoma of the bladder resections [55,56] in human

oral squamous cell carcinoma resections [61] and in oral adenoid cystic

carcinoma resections [62] 3-MST expression has been demonstrated by

immunohistochemistry and/or by Western blotting; in all of these

cancers tumor 3-MST expression was either significantly higher or

tended to be higher than 3-MST expression in the surrounding non-

cancerous tissues. In contrast, in human papillary thyroid cancer re-

sections 3-MST expression was moderate and was not different from the

surrounding tissue [63], while in renal cell carcinoma resections the

level of 3-MST expression was highly variable [54].

4. The function of the 3-MST/H2S system in cancer

What, then, is the functional role of the 3-MST/H2S system in cancer

cells? Because pharmacological inhibitors with suitable potency and

selectivity - until recently - were not available, and because silencing of

3-MST has only rarely been used in the published reports, a lot of the

published data rely on correlations and inferences, and clearly, addi-

tional, definitive studies remain to be conducted to address this ques-

tion.

Historically, one of the earlies reports that placed the 3-MST system

in the context of cancer came from Ernest Kun's group in 1960. They

have correlated the metabolism of 3-mercaptopyruvate in tumor cells

vs. normal cells and found that tumor cells/tumor tissues appear to

have lower enzymatic activity than normal tissues [64]. Similarly,

Wlodek and colleagues found that the activity of 3-MST (as well as the

activity of cysteine aminotransferase) was lower in tumor cells (Ehrlich

ascites cells) than in normal tissue (mouse liver) [65]. These early
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findings appear to be in contrast to the studies listed in the previous

section, showing high expression of 3-MST in many tumors. The ex-

planation for this discrepancy is unclear; it is possible that in tumor

cells (that typically exhibit increased oxidative stress burden) 3-MST

may be in an oxidized (i.e. partially inactivated) state; it is also likely

that the ex vivo enzymatic assays do not recapitulate the conditions that

are present inside living cells. It is important to note that cancer cell 3-

MST activity in these early papers was compared to 3-MST activity in

liver or kidney homogenates, which have the highest 3-MST expres-

sion/activity amongst all parenchymal organs. Thus, cancer cells may

have lower 3-MST activity than the activity of these organs, but

nevertheless they still have significant (detectable) activity, which can

confer significant functional roles.

In 2013 we studied the functional effect of 3-mercaptopyruvate and

the effect of 3-MST silencing in the murine hepatoma cell line

Hepa1c1c7. The 3-MST substrate induced, at low concentrations, a

stimulatory bioenergetic effect, while at higher concentrations, an

inhibitory effect was apparent. When 3-MST was silenced, the basal

bioenergetic function of the cells was slightly, but significantly sup-

pressed, and the stimulatory effect of 3-mercaptopyruvate was no

longer detectable [47]. As expected, the ability of the cells (or mi-

tochondria isolated from them) to produce H2S in response to 3-mer-

captopyruvate was markedly reduced after 3-MST silencing [47]. The 3-

mercaptopyruvate-mediated stimulatory bioenergetic effects appeared

to be, at least in part, related to direct electron donation (by the H2S

produced from 3-MST) into the mitochondrial electron transport

system, because silencing of the enzyme SQR (sulfur-quinone-oxidor-

eductase, the enzyme that is obligatory for this form of electron do-

nation) attenuated the bioenergetic stimulatory effect of 3-mercapto-

pyruvate [47].

In a follow-up study we have started to test the functional effect of

3-MST silencing in A549 cells (a human lung adenocarcinoma line).

Silencing of 3-MST resulted in a reduced proliferation rate of the cells,

and attenuated their mitochondrial DNA repair rate after mitochondrial

Fig. 2. Recently identified 3-MST inhibitors. Screening of a chemical library of 174,118 compounds identified several 3-MST inhibitors (Compounds 1, 2, 3 and 5).

(A) The structures of 4 hit compounds are shown, together with (B) with dose-response curves of the same compounds against 3-MST activity in a fluorescent H2S

assay. Bar graphs in (C) show the inhibitory effect of the same compounds on recombinant CSE and CBS at 100 μM. Note that Compound 3 does not affect CBS or CSE

activity and is therefore selective as a 3-MST inhibitor over the two other H2S-producing enzymes. Reproduced by permission from [35].

Fig. 3. 3-MST silencing exerts functional effects in A549 lung adenocarcinoma cells. (A) SiRNA-mediated 3-MST silencing (silencing efficiency confirmed by

Western blot, inset) attenuates the proliferation of A549 cells (xCELLigence microplate assay) (B) 3-MST silencing increases bioenergetic parameters in A549 cells

(Seahorse Extracellular Flux analysis). (C) 3-MST silencing attenuates the recovery of mitochondrial DNA integrity after oxidative stress (elicited by glucose oxidase)

induced mitochondrial DNA damage. n=5–6, p < 0.05. Part C is reproduced by permission from [52].
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DNA damage (Fig. 3) [52]. However, in these cells, 3-MST silencing

elevated (rather than decreased) bioenergetic function (Fig. 3). Since

H2S has bell-shaped effect on cellular bioenergetics, it is possible that

the degree of 3-MST silencing affects the direction in which the bioe-

nergetic alterations change after 3-MST silencing; cell-type-dependent

differences are also possible. In RCC4 cells (renal cell carcinoma), the

degree of cellular apoptosis - elicited by AIK (Apoptosis Inducer Kit,

Abcam) - was unaffected by 3-MST silencing [54], once again, sug-

gesting that the functional role/importance of the 3-MST system may be

cell-type and/or stimulus and context-dependent.

The recent availability of pharmacological 3-MST inhibitors enabled

a new wave of pharmacological studies exploring the various roles of

the 3-MST system in health and disease. As far as the effect of 3-MST

inhibitors on cancer cells, the only published paper, so far, evaluates the

effect of "Compound 3″ - (or HMPSNE: 2-[(4-hydroxy-6-methylpyr-

imidin-2-yl)sulfanyl]-1-(naphthalen-1-yl)ethan-1-one) originally de-

scribed by Hanaoka and colleagues (Fig. 2) [37] - in HCT116 cells and

demonstrates that the inhibitor exerts a concentration-dependent sup-

pression of cellular proliferation rate, as well as - at higher concentra-

tions, above 300 μM - an inhibition of cell viability (assessed by the

MTT assay) [51].

Cancer cells benefit from a well-organized and multifunctional mi-

croenvironment, which consists of many cell types, including en-

dothelial cells and other vascular cells, immune cells, fibroblasts and

others [66,67]. Whether the 3-MST system plays a role in the organi-

zation or function of this tumor cell microenvironment is largely un-

known. There are a limited number of studies indicating that the 3-MST

system (i.e. 3-MST-derived H2S produced by the endothelial cells

themselves) plays a role in vascular relaxation, endothelial cell pro-

liferation, migration and angiogenesis, especially under hypoxic con-

ditions [35,41,68,69]. Part of these responses appear to be dependent

on the regulation of endothelial cell bioenergetics and metabolomics by

the 3-MST system [69]. Whether these findings have any significance

for the function of the tumor microenvironment remains to be tested in

future experiments.

So far, there are no published in vivo studies with 3-MST inhibitors

or 3-MST deficient systems in cancer. Therefore, future work is needed

to assess whether 3-MST - similar to CBS and CSE, which, in many

forms of cancer, support tumor-promoting functions, and inhibition of

which can suppress tumor growth [16] - can affect tumor growth, an-

giogenesis or other functional parameters in tumor-bearing animals in

vivo.

When interpreting the existing body of literature (or future pub-

lications) we always have to keep in mind that the 3-MST system's roles

go beyond H2S production. Thus, the functional effects of 3-MST in-

hibitors and 3-MST silencing are likely to be a combination of H2S-

related effects, as well as effects on various redox processes that 3-MST

regulates. In addition, with 3-MST silencing, 3-MST-mediated protein-

protein interactions would also become suppressed, with potential

functional consequences. Such protein-protein interactions, in fact,

have been reported; for example, 3-MST physically associates with the

L-cysteine desulfurase NFS1 and the rhodanese-like protein MOCS3

[20].

5. Unanswered questions, future research directions

Within the tumor cells, H2S elicits a bell-shaped concentration-re-

sponse curve, where an optimal (i.e. optimal for the cancer cell, not for

the tumor-bearing host) level of H2S (produced by some combination of

the three main enzymes, CBS, CSE and 3-MST) contributes to the for-

mation of a pro-energetic and pro-proliferative as well as cytoprotective

environment [16]. How exactly the 3-MST system fits into this scheme -

in a presumably tumor cell-type- and perhaps tumor-stage-dependent

fashion - remains to be further defined. In the previous section we have

presented some data, in hepatoma cells, that suggests that part of the

role of the 3-MST system may be to support mitochondrial function

(electron transport, mitochondrial DNA repair) [47,52]. A potential

extension of this work would be to conduct a full metabolommic ana-

lysis, to map out all the intracellular metabolic processes that are af-

fected by 3-MST.

Whether the 3-MST/H2S system also "drives" proliferative or cyto-

protective signaling (and if so, through what pathway) remains to be

evaluated in future studies. In general, endogenously produced H2S can

stimulate these pathways through a number of pathways, including the

PI3K pathway, the guanylate cyclase pathway, the Nrf2 pathway and

many others [2]. Since the 3-MST system may be more of a source of

polysulfides than 'free' H2S, and since polysulfides are important mo-

lecules to elicit sulfhydration (a functionally relevant posttranslational

protein modification), it is conceivable that the presence or absence (or

functional activity) of 3-MST has wide-ranging roles in the modulation

of the activity of various (mitochondrial and cytoplasmic) proteins. A

full 'sulfhydrome' analysis in cancer cells with/without 3-MST inhibi-

tion or 3-MST silencing could address this question.

Another, almost completely open question is how H2S (3-MST-de-

rived, or otherwise) interacts the various constituents of the cellular

microenvironment. As mentioned in the previous section, the 3-MST

system plays a role in the stimulation of angiogenesis within the en-

dothelial cells. It is also conceivable that tumor-derived H2S (since H2S

is a diffusible intercellular paracrine mediator) also enters the space in

the tumor microenvironment and modulates the function of various

non-tumor-cell elements (vascular, immune, scaffold/matrix-related,

etc.) This area remains to be explored, in general (with respect to H2S,

regardless of its enzymatic source) and in particular (in the context of 3-

MST-derived H2S and polysulfides).

As mentioned in the previous section, it is intriguing that as cancer

cells recover from damage (e.g. as they develop stem-cell-like and

multidrug-resistant phenotypes), 3-MST expression increases [48,50].

The functional role of this phenomenon remains to be explored.

If, indeed, the 3-MST/H2S system plays a functional role in cancer

cell energetics, signaling and survival (and perhaps in tumor angio-

genesis as well) (Fig. 4), then one would expect that these effects

translate into functional effects detectable in in vivo models. With the

availability of 3-MST pharmacological inhibitors (as well as cell lines

with stable 3-MST silencing), tumor-bearing mice studies can be in-

itiated. In these experiments one will have to keep in mind that the role

of the H2S system is probably tumor-cell-type dependent, and even in

those tumor types where H2S plays important functional roles, the

'driver' enzyme may be CBS, or CSE, or 3-MST, or some combination of

these proteins. If these experiments identify a functional role of the 3-

MST system in the promotion of tumor growth or anticancer drug

Fig. 4. Potential mechanisms of action and functional roles of the 3-MST

system in cancer. 3-MST-mediated H2S production may support cancer cell

functions through several different, but potentially interrelated mechanisms.
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resistance in vivo, one can start to think about potentially translating

these findings for ultimate clinical therapeutic benefit. The fact that the

3-MST deficient animals do not show a severe adverse phenotype sug-

gests that systemic 3-MST inhibition may be well tolerated in tumor-

bearing organisms. However, before start to speculate about efficacy

and selectivity and human translation, a number of key preclinical

experiments remain to be conducted.

We can conclude that there are bad news and good news. The bad

news are (a) that the cancer cell 3-MST/H2S system appears to be a

highly complex one, and may well be highly cell-type and context-de-

pendent and (b) that several key experiments remain to be conducted,

before we can reach definitive conclusions regarding the pathogenetic

role of this system. The good news is that the molecular and pharma-

cological tools are readily available to define the relative functional role

of these systems in the pathogenesis of cancer over the coming years.
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