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Sazetak

Pudenje i profesionalna izloZenost hemijskim
kancerogenima su vazan etioloski faktor u nastan-
ku karcinoma prelaznog epitela mokrac¢ne besike. Ci-
tosolne glutation transferaze (GST) su superfamilija
enzima koji Stite Celije kataliSuci reakcije konjugacije
elektrofilnih jedinjenja, ukljucujuci kancerogene, sa glu-
tationom. Opisano je nekoliko polimorfizama u okvi-
ru omega klase glutation transferaza (GSTO), a najpo-
znatiji su GSTO1*A140D (NCBI SNP ID: rs4925, 419
Cu A) 1 GSTO2*N142D (NCBI SNP ID: rs156697, 424
A u G). Osobe nosioci GSTO2*G/G genotipa imaju
povecan rizik za nastanak karcinoma prelaznog epi-
tela mokrac¢ne besike. Pored toga, nosioci GSTO1*C/
GSTO2*G haplotipa su pod povecanim rizikom za nasta-
nak karcinoma prelaznog epitela mokra¢ne besike,
a taj efekat je jo$ izrazeniji kod nosilaca varijant-
nog GSTO2*G/G koji su istovremeno i pusaci. Dalje,
GSTO1*A/A i GSTO2*G/G genotipovi bi mogli imati
prognosticku/farmakogenomsku ulogu kod bolesnika
sa invazivnim karcinomom mokracne besike. Usled no-
vootkrivene deglutationiliSuce uloge GSTO1 sve je veci
znacaj koji omega klase glutation transferaza potenci-
jalno ima u poremecaju redoks ravnoteze u karcinomu
prelaznog epitela mokrac¢ne besike, a §to moze doprineti
progresiji ovog karcinoma.

Bladder cancer is the fourth most common can-
cer in men and listed as the eighth leading cause of can-
cer-related deaths in men [1]. Approximately 90% of all
bladder cancers are transitional cell carcinoma (TCC)
[2], emphasizing the role of uroepithelial cells as the
most vulnerable target of metabolic end products of dif-
ferent compounds, including carcinogens. Several envi-
ronmental risk factors, including cigarette smoking and
occupational exposure are recognized risk factors of
bladder cancer [3].

Glutathione transferases (GSTs) are a superfamily
of enzymes that catalyze the conjugation of glutathione

Summary

Exposure to chemical carcinogens, especially
smoking and occupational exposure, is an etiologic fac-
tor for transitional cell carcinoma (TCC) of the urinary
bladder. Cytosolic glutathione transferases (GSTs) are
a superfamily of enzymes that protect normal cells by
catalyzing conjugation reactions of electrophilic com-
pounds, including carcinogens, to glutathione. Several
types of allelic variations have been identified with-
in GSTO class, with GSTO1*A140D (NCBI SNP ID:
rs4925, 419 C to A) and GSTO2*N142D (NCBI SNP ID:
rs156697, 424 A to G) being the most common. Individ-
uals with the GSTO2*G/G genotype carry a higher risk
for TCC. Our results indicate that GSTO1*C/GSTO2*G
haplotype is associated with increased TCC risk, which
is more pronounced in carriers of variant GSTO2*G/G
combined with smoking. Furthermore, GSTO1*A/A and
GSTO2*G/G genotypes may have a prognostic/pharma-
cogenomic role in patients with muscle invasive TCC.
Newly discovered deglutathionylase activity of GSTOL1
suggests its potential important role in redox perturba-
tions present in TCC, which might contribute to progres-
sion of TCC.

(GSH) to a wide range of chemical carcinogens, drugs
and oxidative stress products. Seven cytosolic GST class-
es have been identified in humans: alpha, mu, pi, sigma,
theta, zeta, and the most recently identified omega class
[4]. Chloride Intracellular Channel proteins (CLIC 1-5)
are structurally similar to GST and belong to the cytoso-
lic GST family but they do not catalyze glutathione de-
pendent reactions with substrates utilized by members of
the other GST classes [5]. All seven classes of GST are
prone to gene polymorphism [6].

The omega class GST (GSTO) shares only 20%
amino acid sequence identity with the other GST class-
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es [7], with a range of catalytic activities typical only for
this class and glutaredoxins but not other GST classes [6].
An important feature of both GSTO1 and GSTO2 isoen-
zymes is the presence of cysteine in their active site. In
multiple alignments of GST sequences, Cys-32 in the ac-
tive site aligns with tyrosine and serine residues that play
significant catalytic roles in other GSTs [4]. Furthermore,
the active site of GSTO1 is positioned in a wide crevice
that can potentially accommodate large substrates, such
as proteins [7]. Comparison of the literature data on the
structures of GSTO1, GSTO2, CLIC2 and glutaredoxin
detected several preserved features including their thiore-
doxin-like domains, and a glutathione (GSH) binding site
where GSH can form a disulfide bond with a conserved
active site cysteine residue [6]. In GSTO1-1, GSTO2-2
and glutaredoxin these structural similarities are the ba-
sis for their functional similarity pointed by their shared
glutaredoxin (thioltransferase) activity. Beside thioltrans-
ferase activity, GSTO1-1 and GSTO2-2 also catalyze de-
hydroascorbate reductase reactions and the reduction of
monomethylarsonic acid, an intermediate in the arsenic
biotransformation pathway [4]. GSTO1-1 is also involved
in the posttranslational modifications of inflammatory
cytokine interleukine-1p (IL-1P) and ryanodine recep-
tor modulations. Cell and tissue distribution of GSTO1-1
and GSTO2-2 differ, but GSTO1-1 is expressed in almost
every tissue [4].

The close structural and functional similarity sug-
gested that GSTO1-1 and GSTO2-2 may also catalyze
glutathionylation reactions. Glutathionylation (the for-
mation of mixed disulfides between glutathione and pro-
tein thiols) during oxidative stress provides an efficient
defense mechanism against irreversible oxidation since
the disulfide bonds can be subsequently enzymatical-
ly reduced or “exchanged” [8]. Recent evidence clearly
implied the regulatory role of glutathionylation in cell
signaling [9, 10]. Thus, it has been shown that glutathi-
onylation influence several cellular processes including
regulation of the cell cycle [11], apoptosis [12, 13, 14] and
drug response in cancer [15]. Menon D. and Board PG.
found that GSTO1-1 but not GSTO2-2 was capable of
deglutathionylating a model peptide and that the activity
was dependent on Cys32 a residue that is also required for
the glutaredoxin activity of GSTO1-1 (formerly termed
thioltransferase) [6]. Although GSTO2 has 68% sequence
identity with GSTO1 and a conserved cysteine residue in
its active site [16], it did not exhibit any deglutathionyla-
tion activity [6]. Menon D. and Board PG. have previous-
ly reported significant differences in the substrate/activity
profile of GSTO2-2 compared with GSTO1-1. GSTO2-2
has very high dehydroascorbate reductase activity com-
pared to GSTO1-1 [6].

Since their first description, the omega class GSTs
have been investigated in relation to a number of biologi-
cally significant pathways and clinical disorders including
drug resistance [17], Alzheimer’s Disease [18], Parkin-
son’s disease [18], vascular dementia and stroke [19, 20]
amyotrophic lateral sclerosis [21], the action of anti-in-
flammatory drugs [22], susceptibility to chronic obstruc-
tive pulmonary disease (COPD) [23, 24] and cancer
[25, 26, 27, 28, 29]. However, the mechanism by which
the Omega GSTs mediate their effects in these diverse set-
tings has not been clear.

In humans, there are two actively transcribed genes
termed GSTO1 and GSTO2 located on chromosome 10q
24.3. The GSTO1 gene has 6 exons and spans 12.5 kb.
The GSTO2 gene is approximately 7.5 kb downstream of
GSTOL, it has also 6 exons and spans 24.5 kb [4]. Muker-
jee B. et al. decribed 31 polymorphisms in GSTO1 and 66
polymorphisms of GSTO2 gene. Regarding the function-
al implication of those genetic variations in GSTO1 and
GSTO?2 genes, the most often investigated are single nu-
cleotide polymorphisms (SNPs) of GSTOI, rs 4925 and
GSTO2, rs 156697 [30]. A SNP (NCBI SNP ID: rs4925,
419 C to A) of GSTO1 was reported at nucleotide 419
causing an alanine to aspartate substitution in amino acid
140 (A140D, Ala140Asp) of exon 4. SNP of GSTO2 was
found at nucleotide 424 causing an asparagine to aspar-
tate substitution in amino acid 142 (N142D, Asn142Asp)
of exon 4 (NCBI SNP ID: rs156697, 424 A to G) [26].
Furthermore, Marahatta SB. et al. [31] have shown that
GSTO1*A140D polymorphism could play an important
role as a risk factor for the development of hepatocellular
carcinoma, cholangiocarcinoma and breast cancer, while
GSTO2 polymorphism rs156697, has been evaluated in
terms of risk of various malignancies [26, 31, 32].

Since GST omega class is involved in arsenic me-
tabolism [4], several studies conducted in Asian popula-
tion looked into association between GSTO1 and GSTO2
polymorphisms and arsenic exposure on bladder cancer
risk [26, 34]. Thus, Wang et al. found a significant joint
effect of cigarette smoking, alcohol consumption, arsenic
and occupational exposures and GSTO1/GSTO2 diplo-
types on risk of urothelial cancer (UC) [26]. Lesseur C.
et al. observed a main effect of the GSTO2 Asn142Asp
variant on bladder cancer risk that was unrelated to ar-
senic exposure [35]. Similarly, Hsu LI. et al. found a
borderline significant increase risk of UC in GSTO2 ho-
mozygous variant carriers in southwestern Taiwan [36].
Contrary to those results, a case-control study of Chung
CJ. et al. in the same non-endemic arsenic area (Taipei),
found a decreased risk of UC in homozygous variant
carriers of GSTO2 Asnl42Asp along with higher levels
of monomethylarsonic acid (MMA%) in urine in wild

Izdanje 66 | Broj 2 | Decembar 2015. 17



Mini pregledni radovi

Medicinski podmladak

type individuals [34]. In another study, no association
was observed with urinary arsenic profiles and GSTO2
Asn142Asp genotype in a Chinese population chronical-
ly exposed to arsenic [37].

This has motivated us to explore the association
of common GST omega polymorphisms with the risk of
bladder cancer, as well as, their joint effect with cigarette
smoking and occupational exposure. We found that car-
riers of variant GSTO2*G/G genotype were at increased
risk for the development of TCC, while GSTO1 rs4925
polymorphism was not significantly associated with
TCC risk. According to smoking status, smokers with
GSTO2*G/G genotype had significantly higher risk of
TCC of urinary bladder (OR = 4.3, p = 0.003) compared
to wild type carriers with no smoking history. We fur-
ther assessed the effects of GSTO1/GSTO2 haplotypes
on TCC risk, based on the linkage disequilibrium found
for GSTO1 (rs4925) and GSTO2 (rs156697). The study
subjects with GSTO1*C/GSTO2*G (GSTO1 wild type/
GSTO2 variant) haplotype were at the highest risk for
the development of transitional cell carcinoma of urinary
bladder (OR = 2.8, p = 0.002) [38].

Our data on increased risk in carriers of variant
GSTO2 genotype are concordant with already published
results of Wang YH. [26] and Chung CJ. [34], but the ex-
planation about which functions of this enzyme account
for this increased risk is lacking. It should be noted that
GSTOL1 glutathyionylation activity is strongly influenced
by GSTO1 polymorphism. Kinetic analysis of the deglu-
tathionylation reaction with the glutathionylated peptide
revealed that the A140 allelic variant of GSTOL1 has a sig-
nificantly higher specific activity than the D140 variant.
In contrast the D140 variant has a higher activity in the
forward glutathionylation reaction with glutathione thiyl
radicals as a substrate [6]. Since glutathionylation can in-
fluence protein structure and function, the difference in
activity and the potential difference in protein specificity
between the allelic variants of GSTO1 could provide a
plausible mechanism to explain the associations between
this genetic polymorphism and a range of disorders [6].
It might be speculated that the presence of GSTO1*A140
allelic variant might also favor deglutathionylation of
protooncogenic proteins involved in the promotion of
bladder tumors and thus contribute to overall risk in car-
riers of GSTO1*C/GSTO2*G (GSTO1 wild type/GSTO2
variant) haplotype. Among oncogenic proteins which are
subject to regulation by these molecular mechanism, is
antiapoptotic GSTP1 enzyme, with well-defined role in
TCC promotion and progression [39, 40].

GSTO?2 is enzyme with the most prominent dehy-
droascorbate reductase (DHAR) activity in humans with
an important role in regeneration of dehydroascorbate
[16]. Moreover, it was speculated that DHAR activity of

GSTO2 might be influenced by *N142D polymorphism
[41]. Therefore, it may be speculated that low enzyme ac-
tivity in subjects with both variant GSTO?2 alleles would
presumably result in deficient DHAR activity and low-
er ascorbic acid level in the bladder. In the view of the
role of oxidative stress in the biology of urothelial tumors
[39], altered activity of GSTO2 protein might result in
inter-individual differences in capacity to scavenge and
detoxify reactive species produced by smoking or oc-
cupational exposure in TCC patients. Indeed, we found
that smokers carriers of GSTO2*G/G genotype were, at
approximately 4-fold increased TCC risk. It is important
to note that in addition to its antioxidant role, ascorbic
acid (vitamin C) is also involved in regulation of hypox-
ia-inducible factor (HIF)-1, a transcription factor that
regulates many genes responsible for tumor growth, en-
ergy metabolism and apoptosis [42]. In that context, re-
cent data speculates that vitamin C-dependent inhibition
of the HIF pathway may provide additional approach for
controlling tumor progression and inflammation [43].

Taken together, the presence of GSTOI*C/
GSTO2*G (GSTO1 wild type/GSTO2 variant) haplotype,
comprising high deglutathionylation and low DHAR ac-
tivity, might underlie the increased TCC risk among our
patients.

We also analyzed the effect of GSTO1 and GSTO2
polymorphisms on predicting mortality in the group of
patients with muscle invasive TCC of urinary bladder, as
well as, the association of these two GSTO1 and GSTO2
polymorphisms with the survival of patients with mus-
cle invasive TCC, together with the genotype modifying
effect on chemotherapy. GSTO1 Asp140Asp and GSTO2
Asp142Asp genotypes were independent predictors of a
higher risk of death among bladder cancer patients (HR
=29, P =0.022; HR = 3.9, p = 0.001; respectively) and
significantly influenced the overall survival. We found
that only GSTO2 polymorphism rs156697 showed a sig-
nificant effect on the survival in the subgroup of patients
who received chemotherapy (p = 0.006).

To conclude, the glutathione transferase omega
class have a specific range of enzymatic activities com-
pared with other GSTs, probably due to the presence of
a cysteine residue in the active site. Since GSTO1-1 is
widely expressed in many tissues, it appears to be capa-
ble of playing a major role in the glutathionylation cycle.
Recent experiments have revealed the contribution of
GSTO1-1 to the deglutaththionylation of proteins. Ge-
netic polymorphism in the GSTO1 and GSTO2 genes
may influence the risk for development and progression
of various set of nonmalignant and malignant diseases.
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