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Perspective
Gamma-Glutamyltransferase (GGT) is the enzyme known to 

be involved in the metabolism of the major antioxidant glutathione 
(γ-Glu-Cys-Gly; GSH). GGT is also one of the most used clinical 
markers of liver damage and its activity is routinely analyzed in blood 
or plasma [1].

GGT is widely distributed in living organisms and in humans 
at least eight GGT genes or pseudogenes have been identified [2]. 
Among the others, GGT1 and GGT5 are the only two members of 
GGT family that produce a functional protein [2]. In particular, 
both enzymes are able to hydrolyze the gamma-glutamyl bond of 
glutathione and glutathione S-conjugates and catalyze the transfer of 
gamma-glutamyl groups between different compounds (i.e. hydrolysis 
and transpeptidation) [3], even if with different substrate specificity. 
Under physiological conditions, the predominant reaction catalyzed 
by GGT is supposed to be the hydrolysis of gamma-glutamyl bond 
[3]. For both GGT1 and GGT5, the mature enzyme is a membrane 
bound glycoprotein which consists of two polypeptide chains, i.e. a 
light and a heavy subunit [2].

GGT1 is the most studied and most ubiquitously expressed human 
GGT gene, but the crystal structure of human GGT1 has been only 
recently described [4]. A dysregulated expression of GGT1 has been 
detected in several tumor types and its role in tumor progression and 
drug resistance has been extensively investigated [5]. GGT1 catalyzes 
the degradation of extracellular GSH, thus favouring the recovery 
of constituent amino acids and contributing to the modulation 
of cysteine homeostasis and redox status of cells. Playing a role in 
the sequence of reactions forming the so-called “gamma-glutamyl 
cycle”, GGT has been early recognized as a component of the cell 
protection system against oxidative stress [1]. However, a number of 
findings indicate that, under selected conditions, the metabolism of 
GSH by GGT can produce pro-oxidant effects and can be implicated 
in the modulation of several redox-sensitive processes, possibly 
contributing to tumor progression [6]. These effects are mediated by 
cysteinyl-glycine - the first product of GSH catabolism mediated by 
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GGT - which is able to reduce extracellular transition metal cations 
(Fe3+, Cu2+) more efficiently than GSH, thus leading to the formation 
of superoxide anion, hydrogen peroxide and thiyl radicals [5].

Apart from reduced glutathione, other gamma-glutamyl 
compounds are GGT1 substrates, e.g. oxidized glutathione (GSSG), 
pathophysiologically relevant compounds such as the adducts GSH-
xenobiotics produced by glutathione-S-transferases [7] and two 
of the major inflammatory mediators, namely leukotriene C4 [8,9] 
and S-nitroso-glutathione [10]. In addition, also synthetic gamma-
glutamyl compounds are substrates for GGT1 and the developement 
of gamma-glutamyl anticancer pro-drugs - that can be selectively 
cleaved by GGT expressed by cancer cells - has been taken into 
account [11,12]. The transcriptional regulation of GGT1 gene is quite 
complex [13] and its expression may be promoted by both oxidative 
and inflammatory stimuli. As other enzymes involved in the GSH 
metabolism, GGT can be upregulated by compounds producing an 
increase in Reactive Oxygen/Nitrogen Species (ROS/RNS) [14-19].

GGT5 is the only other member of the GGT family provided with 
catalytic activity. TC4 was the first recognized substrate for GGT5 
(previously named Gamma-Glutamyl-Leukotrienase (GGL; [20]), 
whereas GSH and GSSG were suggested to be substrates for GGT5 
in humans [2,3] but not in mice [20]. However, as judged by the rate 
of glutamate release from GSH, GGT5 cleaves GSH approximately 
46 times slower than GGT1 [3] and it is not able to cleave Gamma-
Glutamyl p-Nitroanalide (GpNA), a nonphysiologic compound 
commonly used to assay GGT1 activity in biological samples [21]. 
Thus GG1 and GGT5 are both able to hydrolyze the gamma-glutamyl 
bond but they have different-only partially overlapping-substrate 
specificity. GGT5 localization was only recently deeply studied and 
revealed that GGT5 is expressed in some of the same tissues expressing 
GGT1, but in different subsets of cells. It has been proposed that this 
localization may result in different access to substrates, i.e. blood and 
intercellular fluids for GGT5 and fluids in ducts and glands for GGT1 
[22]. On the other hand, little is currently known about the regulation 
of GGT5 expression.

What is the real physiological significance of enzymatically active 
GGT’s? A s stated above, both GGT1 and GGT5 - even though with 
different efficiencies - play a unique and specific role in the catabolism 
of GSH, being the sole enzymes which are able to hydrolyze the 
gamma-glutamyl bond, thus allowing the recovery of cysteine for 
intracellular GSH synthesis. However, conflicting results were 
reported about this specific point. No difference or even a decrease - 
rather than an increase - of intracellular GSH was repeatedly detected 
in different cancer cell lines upon transfection with GGT1 cDNA, 
both in vitro and after transplantation in nude mice [23-26]. These 
apparent inconsistencies can be at least in part explained taking into 
account the pro-oxidant effects produced by the GGT1-meditated 
GSH catabolism in the presence of extracellular metal ions [27] and 
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the involvement of GGT1 in S-cysteylglycylation reactions [28].

Interestingly, similar results have been now also reported in a 
recent paper on GGT5 in mice [29]. As for human specimens [22], 
GGT5 is expressed by the interstitial Leydig cells in the mouse testis. 
Insulin-resistent diabetic mice are characterized by low levels of 
testosterone and increased expression of GGT5 in testes. In vitro 
studies demonstrated that the induced over expression of GGT5 by 
plasmid transfection in the TM3 Leydig cell line was associated with a 
significant reduction of intracellular GSH levels, increased expression 
of heme oxygenases-1 and reduced amounts of cytochrome P450 [29]. 
Upon stimulation of steroidogenesis by Luteinizing Hormone (LH), 
GGT5 over expressing cells showed higher levels of Malondialdehyde 
(MDA) and a reduced production of testosterone, as compared 
to the corresponding control. These effects are supposed to be 
mediated through the lower levels of GSH associated with GGT5 
over expression, making cells more vulnerable to the reactive oxygen 
species produced during steroidogenesis [29].

These findings suggest that the over expression of GGT1 and/
or GGT5 may produce similar effects on intracellular GSH levels, 
both contributing to the modulation of the redox state of the cells 
in a pro oxidant direction. It is well known that tissue culture media 
used for in vitro experiments could affect the levels of intracellular 
GSH, depending on their cysteine levels. However, conflicting 
results about GGT1 expression and intracellular GSH levels were 
obtained from in vivo studies by the comparison of GGT-positive 
VS. GGT-negative tumors obtained after injection into nude mice 
of human prostate carcinoma [24] or human melanoma [26] cells 
transfected with the full length human GGT1 cDNA. Indeed, over 
expression of GGT provided a growth advantage to tumor cells in 
vivo, but the glutathione levels in the GGT-positive tumors were 
similar [24] or even significantly lower [26] as compared to those 
detectable in the GGT-negative tumors. Against this background, 
the traditional characterization of GGT enzymes as members of the 
cellular ‘antioxidant’ machineries seems no more warranted, and data 
reported in the literature from several independent laboratories point 
rather to a more complex involvement in cellular redox homeostasis 
of these activities.

A better understanding of GGT1 and GGT5 expression/
functions (as well as of the factors possibly modulating their action 
in cells and tissues) could provide a significant improvement in our 
comprehension of their role(s) in cellular redox-sensitive signalling, 
and likely of the real significance of GGT levels in serum and other 
body fluids.
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