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Abstract
Transglutaminases (TGs; E.C. 2.3.2.13) are ubiquitous 
enzymes which catalyze post-translational modifications 
of proteins. TGs and TG-catalyzed post-translational 
modifications of proteins have been shown to be in-
volved in the molecular mechanisms responsible for sev-
eral human diseases. In particular, TG activity has been 
hypothesized to also be involved also in the molecular 
mechanisms responsible for human neurodegenera-
tive diseases. In support of this hypothesis, Basso et al  
recently demonstrated that the TG inhibition protects 
against oxidative stress-induced neuronal death, sug-
gesting that multiple TG isoforms participate in oxida-
tive stress-induced cell death and that nonselective TG 
isoform inhibitors will be most effective in fighting oxi-
dative death in neurological disorders. In this commen-
tary, we discuss the possible molecular mechanisms by 
which TG activity could be involved in the pathogenesis 
of neurological diseases, with particular reference to 
neurodegenerative diseases, and the possible involve-
ment of multiple TG isoforms expressed simultaneously 
in the nervous system in these diseases. Moreover, 
therapeutic strategies based on the use of selective or 
nonselective TG inhibitors for the amelioration of the 

symptoms of patients with neurological diseases, char-
acterized by aberrant TG activity, are also discussed. 
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INVITED COMMENTARY ON HOT 
ARTICLES
It was with great interest that we read the recent article by 
Basso et al[1], which demonstrates that the transglutaminase 
(TG) inhibition protects against oxidative stress-induced 
neuronal death and suggests that multiple TG isoforms 
participate in oxidative stress-induced cell death. 

TGs are enzymes which catalyze irreversible post-
translational modifications of  proteins. Examples of  TG-
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Insoluble aggregates
(covalent crosslinks)

Neuronal death?

catalyzed reactions include: (1) acyl transfer between the 
γ-carboxamide group of  a protein/polypeptide glutaminyl 
residue and the e-amino group of  a protein/polypep-
tide lysyl residue; (2) attachment of  a polyamine to the 
γ-carboxamide of  a glutaminyl residue; and (3) deamida-
tion of  the γ-carboxamide group of  a protein/polypep-
tide glutaminyl residue[2-7]. To date, at least eight distinct 
differentially distributed TGs have been identified in the 
human body. Several forms of  TGs are simultaneously 
expressed in the Nervous System[8-10]. Moreover, several 
alternative splice variants of  TGs, mostly in the 3’-end 
region, have been identified. In particular TG2, which is 
the best-studied enzyme of  the TG family, shows at least 
five splice variants[11-14]. Some of  these splice variants, 
interestingly, are aberrantly expressed in neurological pa-
thologies, such as Alzheimer’s disease (AD)[14]. 

Numerous scientific reports have suggested that TG 
activity is involved in the molecular mechanisms respon-
sible for the pathogenesis of  neurodegenerative diseases 
(Figure 1), but, to date, definitive experimental findings re-
garding the role of  these enzymes in the development of  
these human diseases have not yet been obtained. Protein 
aggregates in affected brain regions are histopathologi-
cal hallmarks of  AD and many other neurodegenerative 
diseases[15], and more than 20 years ago, Selkoe et al[16] first 
suggested that TG activity might contribute to the forma-
tion of  protein aggregates in the AD brain. Since then, 
however, although many studies suggested the possible 
involvement of  the TGs in the formation of  deposits of  
protein aggregates in neurodegenerative diseases, they 
do not indicate whether aberrant TG activity is directly 
responsible for the disease’s progression. 

In this interesting study, Basso et al[1] found that in 
addition to TG2, the TG1 gene expression level is sig-
nificantly induced following stroke in vivo or due to 
oxidative stress in vitro. Moreover, structurally diverse 
inhibitors, used at concentrations that inhibit TG1 and 
TG2 simultaneously, are neuroprotective. Together, these 
studies suggest that multiple TG isoforms, not only TG2, 
participate in oxidative stress-induced cell death signal-
ling, and that isoform nonselective inhibitors of  TG will 
be most effective in combating oxidative death in neu-
rological disorders. This is an interesting and worthwhile 
study, and we agree with the suggestion that multiple 
TG isoform(s) can participate in neuronal death proc-
esses. However, we believe that, to minimize the possible 
side effects, selective inhibitors of  the TGs should be 
required in the future for therapeutical approaches. In 
light of  a lack of  long-term effective treatments for hu-
man neurodegenerative diseases, the possibility that se-
lective TG inhibitors may be of  clinical benefit has been 
seriously considered. In this respect, some encouraging 
results have already been obtained with TG inhibitors in 
preliminary studies with different biological models of  
polyglutamine(CAG)-expansion diseases. For example, 
cystamine, which is already in phase Ⅱ studies in humans 
with Huntington disease (HD), is a potent in vitro inhibi-
tor of  enzymes that require an unmodified cysteine at 

the active site[17]. It is important to note, however, that 
nausea, motor impairment and dosing schedule are some 
side effects reported as reasons for non-adherence dur-
ing studies in humans[18,19]. Inasmuch as TGs contain a 
crucial active-site cysteine, cystamine has the potential to 
inhibit these enzymes by disulfide interchange reactions. 
A disulfide interchange reaction results in the formation 
of  cysteamine and a cysteamine-cysteine mixed disul-
fide residue at the active site. Recent studies have shown 
that cystamine decreases the number of  protein inclu-
sions in transfected cells expressing the atrophin protein 
containing a pathological-length polyglutamine domain, 
responsible for the Dentato-Rubro-Pallido-Luysian Atro-
phy[20]. In other studies, cystamine administration to HD-
transgenic mice resulted in an increase in life expectancy 
and amelioration of  neurological symptoms[21,22]. Neuro-
nal inclusions were decreased in one of  these studies[22]. 
Although all these scientific reports seem to support the 
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Figure 1  Possible mechanisms responsible for protein aggregate forma-
tion catalyzed by transglutaminases. Insoluble aggregates can be formed 
both by the acyl transfer between the γ-carboxamide group of a protein/poly-
peptide glutaminyl residue and the e-amino group of a protein/polypeptide lysyl 
residue, and by the attachment of a polyamine to the γ-carboxamide of a gluta-
minyl residue. TGs: Transglutaminases. 



hypothesis of  a direct role of  TG activity in the patho-
genesis of  the polyglutamine diseases, cystamine is also 
found to act in the HD-transgenic mice by mechanisms 
other than the inhibition of  TGs, such as the inhibition 
of  Caspases[23], suggesting that this compound can have 
an additive effect in the therapy of  HD. However, in sup-
port to the efficacy of  this compound as a TG inhibitor, 
a recent scientific report showed that cystamine reduces 
aggregate formation in a mouse model of  oculopha-
ryngeal muscular dystrophy (OMPD), in which also the 
TG2 knockdown is capable of  suppressing the aggrega-
tion and the toxicity of  the mutant protein PABPN1[24], 
suggesting this compound as a possible therapeutic for 
OMPD. 

In conclusion, a critical problem in the use of  TG 
inhibitors in treating neurological diseases relates to the 
fact that, as previously reported, the human brain con-
tains at least four TGs, including TG1, 2, 3[9] and possibly 
TG6[25,26], and a strong non-selective inhibitor of  TGs 
might also inhibit plasma TG Factor XIIIa, causing a 
bleeding disorder. Therefore, from a number of  stand-
points it would seem that a selective inhibitor, which 
discriminates between TGs, would be preferable to an 
indiscriminate TG inhibitor.
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