
Abstract. Background/Aim: The role of glutathione
peroxidase 2 (GPX2) expression in urothelial carcinoma (UC)
is rarely reported. The aim of this study was to assess the
expression status of GPX2 in UC of the bladder. Materials and
Methods: We collected samples from 112 patients treated with
radical cystectomy for immunohistochemical study. Results:
Following immunohistochemical analysis of the specimens, 86
(76.8%) had weak GPX2 expression. In cases with consistent
GPX2 expression within the same lesion, the levels of GPX2
showed significant decreases from pTa to pT1 (47.1%)
compared to those from pT1 to pT2 (5.9%) (p=0.017).
Specimens obtained with transurethral resection before cancer
progressed to muscle invasive bladder cancer showed that pT1
had a lower expression for GPX2 than that of pTa (63.3% vs.
93.3%; p=0.009). Conclusion: The decrease in GPX2
expression among those with UC of the bladder may be
involved in the early step of cancer invasion. 

Bladder cancer is the second most common urological
malignancy after prostate cancer (1). Urothelial carcinoma
(UC) is the predominant histology of bladder cancer;
however, the molecular mechanisms of UC carcinogenesis
are varied and not well-understood (2). There is some
evidence suggesting that oxidative stress and bladder
carcinogenesis are closely related (3, 4); the activity of

antioxidant enzymes with a defence mechanism role against
oxidative toxicity has been observed in various cancer cells
(5, 6). Glutathione peroxidase 2 (GPX2) is a selenoprotein
that belongs to the antioxidant enzyme glutathione
peroxidase family (GPX1-8) (5). It was first identified in the
gastrointestinal system where it likely acts as a barrier
against hydroperoxide absorption (7). In addition, the
expression of GPX2 has been detected in several types of
cancer cells (8-13) and was found to be a prognostic marker
candidate in castration-resistant prostate cancer (14).
However, the role of GPX2 expression in UC of the bladder
is rarely reported, and yet to be fully elucidated. The aim of
this study was to assess the clinicopathologic value of GPX2
as it relates to UC of the bladder.

Materials and Methods
Patients and tissue specimens. All the intended procedures in the
present study, including the use of specimens from human subjects
were approved by the Institutional Review Board of the University
of Occupational and Environmental Health (UOEH) with the
approval number H28-047. We conducted a retrospective review of
139 consecutive patients with muscle invasive bladder cancer
(MIBC) without distant metastasis who had undergone radical
cystectomy (RC), pelvic lymphadenectomy, and urinary diversion
at the UOEH Hospital (Kitakyushu, Japan) between March 2003
and March 2017. We collected samples from 112 patients who had
histologically confirmed UC including mixed variant histology for
immunohistochemical study and survival analysis. Patients with
non-UC such as squamous cell carcinoma and adenocarcinoma and
those with no residual tumors (pT0) or carcinoma in situ only, were
excluded from the present study.

Formalin-fixed, paraffin-embedded tissue blocks were provided by
our Department of Pathology. Two pathologists examined all
transurethral resections of bladder tumour (TURBT) tissue and RC
specimens to confirm the histopathologic features based on 2016 World
Health Organization/International Society of Tumors of the Urinary
system and Male Genital Organs classification (15). These tissues were
stained with hematoxylin and eosin, and immunohistochemistry (IHC)
was performed on preparations of sequential sections.
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Immunohistochemical staining of GPX2. IHC was performed
according to the antibody-linked dextran polymer method for
antibody-bridge labelling, with hematoxylin counterstaining
(EnVision; DAKO). Deparaffinized and rehydrated 4 μm sections
were incubated in 10% H2O2 for 5 min to block the endogenous
peroxidase activity. The sections were subsequently rinsed and
incubated with a primary antibody targeting GPX2 (rabbit
polyclonal, Atlas Antibodies, Stockholm, Sweden) at a dilution of
1:50 for 60 min. The second antibody-peroxidase-linked polymers
were then applied. After counterstaining with Meyer’s hematoxylin,
the sections were observed under a light microscope. Each section
was first scanned at low power for all fields (original magnification:
×40) using tumor and non-tumor tissues, respectively, in order to
determine the heterogeneity of distribution. The number of positive
cells showing cytoplasmic staining was recorded at the site of
invasion. For IHC of GPX2, we used normal urothelial cells as the
positive control. Incubation without the primary antibody was used
as a negative control. Information on necrotic tissue, stromal cells,
and lymphoid cells was not recorded.

The degree of immunoreactivity for GPX2 was assessed in each
case semi-quantitatively by evaluating the proportion of positive
cells relative to the total number of UC cells. We selected and
validated immunohistochemical cut-off scores for GPX2 positivity,
based on the findings of a receiver operating characteristic curve
analysis. Finally, all patients were divided into two groups, as
follows: those with normal findings, GPX2 equal to or more than
60% (3+); and those with weak (weakly positive) findings, less than
60% (2+, 1+, and 0). All histological and immunohistochemical
slides were evaluated by two independent pathologists who were
blinded to the clinicopathologic data.

Prognostic assessment. All patients underwent RC. Postoperative
follow-up examinations comprised of physical examinations,
laboratory tests, and CT scans, which were conducted every six
months until the fifth year and annually thereafter. When symptoms
appeared, the appropriate additional examinations were conducted.
The overall survival (OS) duration was calculated from the date the
RC was performed to the date of death, due to any cause or to the
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Figure 1. Representative immunohistochemistry for GPX2 staining in normal urothelial cells (A) (3+) and tumor cells (B, C, D) (3+, 2+, 1+) of
the bladder.



date of the last follow-up, if the patient was alive. The disease-free
survival (DFS) duration was calculated from the date the RC was
performed to the date of the first clinical recurrence or the date of
death due to any cause or the last follow-up, if the patient had no
known recurrence.

Statistical analysis. All statistical analyses were performed using
EZR (Easy R, Vienna, Austria), which is a graphical user interface
for R (The R Foundation for Statistical Computing). Fisher’s exact
test and Kruskal-Wallis test were used to examine the associations
between categorical variables. Continuous variables were divided
into two groups according to their median values. The Mann–
Whitney U-test compared the continuous variables. OS and DFS
were estimated using the Kaplan–Meier method and the log-rank
test. p≤0.05 was considered statistically significant.

Results
IHC of GPX2 expression. GPX2 expression was strongly
detectable (3+) in normal urothelial cells, whereas GPX2
expression was lower in tumor cells (Figure 1). Of 112
specimens, 26 (23.2%) revealed normal GPX2 expression
(3+) while 37, 37, and 12 (33.0%, 33.0% and 10.7%,)
revealed 2+, 1+, and 0, or weak expression, respectively.

Relationship between GPX2 expression and clinicopathological
characteristics. According to the IHC results indicating GPX2
in tumor cells, we divided the patients into two groups: the
GPX2-normal (3+) group and GPX2-weak (2+, 1+, and 0)
group. There were no substantial differences in clinico-
pathologic characteristics between the groups (Table I). The
GPX2-weak group included a larger proportion of patients with
UC who had variants in histology, but the difference was not
significant (44.2% vs. 23.1%; p=0.068).

Survival analysis for GPX2 expression. The median follow-
up time was 32 months (range=4-143 months), during which
50 (44.6%) patients experienced recurrence and 43 (38.4%)
died. The 5-year OS rate of the GPX2-normal group
compared to the GPX2-weak groups was 57.2% vs. 58.8%,
respectively (p=0.636) (Figure 2A), and the 5-year DFS rate
was 53.3% and 46.3% (p=0.377) (Figure 2B), respectively.

Correlations of GPX2 expression with the depth of invasion.
Next, we investigated the GPX2 expression status for most
invasive area in tumor lesions. Table II summarizes the
intensity of GPX2 expression according to each pT stage;
however, there was no statistically significant difference
between the stages (p=0.456). 

We then investigated GPX2 expression in the specimens
that contained pTa, pT1, and pT2 lesions of the same tumor
in 17 patients. GPX normal and weak staining was observed
in 47.1% and 52.9%, of the lesions, respectively in Ta
tumors. In contrast, GPX normal and weak staining was
observed in 23.5%, 76.5% of the T1 lesions and 17.6% and

82.4% in T2 lesions, respectively. GPX2 expression levels
of pT1 and T2 lesions were similar. The GPX2 expression
levels showed significant decreases from pTa to pT1
compared to those from pT1 to pT2 (47.1% vs. 5.9%;
p=0.017) (Figure 3A and B). 

To assess the impact of GPX2 on tumor progression, we
compared GPX2 expression for non-muscle invasive bladder
cancer (NMIBC) in the same patients. Sixty patients (pTa: 30,
pT1: 30) underwent TURBT before they received RC for
recurrent MIBC. The pT1 tumors had a lower expression for
GPX2 than that of pTa (63.3% vs. 93.3%; p=0.009) (Figure 4).

Discussion

In this study, immunohistochemical evaluations were
performed to assess the GPX2 expression levels in patients
with UC of the bladder. The IHC analysis showed a
significant decrease in the levels of GPX2 expression
(76.8%) in those with UC. GPX2 expression was not
associated with clinicopathologic characteristics or survival
outcomes. However, GPX2 expression levels were
significantly difference between those with Ta vs. T1 status
in both MIBC and NMIBC cases.

Oxidative stress is generally considered to contribute to
initiation and progression of carcinogenesis (16-18). Thus, an
increase of GPX2 expression is believed have a preventive
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Table Ⅰ. Relationship between GPX2 expression and clinicopathological 
characteristics.

Parameter                                         GPX2-normal   GPX2-weak    p-Value
                                                             (n=26)             (n=86)

Age, median (range)                        69 (54-82)       68 (34-85)       0.169
Gender, n (%)                                                                                   0.301
  Male                                                 18 (69.2)         68 (79.1)            
  Female                                              8 (30.8)          18 (20.9)            
Pathologic tumor stage, n (%)                                                         0.749
  pT1                                                     1 (3.8)             8 (9.3)              
  pT2                                                   12 (46.2)         41 (47.7)            
  pT3≤                                                 13 (50.0)         37 (43.0)            
Pathologic node stage, n (%)                                                            1.00
  Negative                                           18 (69.2)         60 (69.8)            
  Positive                                             8 (30.8)          26 (30.2)            
Lymphovascular invasion, n (%)                                                      0.357
  Negative                                           12 (46.2)         30 (34.9)            
  Positive                                            14 (53.8)         56 (65.1)            
Histology, n (%)                                                                               0.068
  Urothelial carcinoma                      20 (76.9)         48 (55.8)            
  Mixed variants                                 6 (23.1)          38 (44.2)            
Neoadjuvant chemotherapy, n (%)                                                    0.607
  No                                                    21 (80.8)         64 (74.4)            
  Yes                                                    5 (19.2)          22 (25.6)            

GPX2: Glutathione peroxidase 2; pT: pathologic tumor.



role for oxidative stress in epithelial cells (5). Two previous
immunohistochemical studies have demonstrated relatively
lower GPX2 expression rates of 49.1-51.6 % in those with
bladder cancer (19, 20). In addition, low GPX2 expression
levels were correlated with advanced stages of UC unlike
those found in our results. These two previous studies also
showed that GPX2-negative tumors had significantly higher
risk of cancer-specific mortality. Although our IHC analyses
for GPX2 expression have shown high negative rates in those
with MIBC, the study has failed to reveal GPX2 expression
value as a prognosticator. However, there was a clear
difference observed in GPX2-staining intensity between the
current and previous studies. In the present study, the GPX2-
staining intensity score was based on the proportion of cell
positivity. In previous studies, scores were evaluated based
on combining both the percentage and intensity of positive
cells or an average intensity score.

In terms of survival analyses, Naiki et al. (14) reported
that GPX2 overexpression was related to the prognosis of
those with castration-resistant prostate cancer. Moreover, Lei
et al. (8) demonstrated that low expression of GPX2
predicted poor prognosis in patients with esophageal
squamous cell carcinoma. Regarding the relationship
between antioxidant enzymes and bladder cancer, Arikan et
al. (21) demonstrated that GPX activities were significantly
lower in patients with UC when blood levels were examined.
Brigelius-Flohe et al. (22) discussed how GPX2 knockdown
cancer cells grew better in vitro and in vivo probably
reflecting the physiological role of GPX2. However, the

clear role of GPX2 in cancer progression and survival of
patients with cancer remains undetermined; therefore, further
investigations are required. 

Interestingly, our study indicated significant decrease of
GPX2 expression in T1 and T2 tumors compared to that in
Ta tumors. This finding in early stages was not clearly
observed among patients with UC in the previous two
studies (19, 20). Banning et al. (23) reported that the role
of GPX2 in carcinogenesis was studied in HT-29 clones, in
which GPX2 expression was knocked down. GPX2
knockdown cells in HT-29 (a human colorectal
adenocarcinoma cell line) had a higher capability to invade
than the GPX2-expressing control cells (23). Therefore, the
decreases in GPX2 expression could explain its potential to
promote cancer invasion and progression from Ta to T1
status in those with UC.
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Figure 2. Kaplan–Meier curves show the prognostic analyses of GPX2 expression for overall survival (A) and disease-free survival (B) after radical
cystectomy.

Table Ⅱ. Evaluation of GPX2 levels expression for most invasive areas 
according to pathologic tumor status in cystectomy specimens.

GPX2 expression         pT1 (n=9)           pT2 (n=53)           ≥pT3 (n=50)

3+ (%)                             1 (11.1)              12 (22.6)               13 (26.0)
2+ (%)                            5 (55.6)              18 (34.0)               14 (28.0)
1+ (%)                             1 (11.1)              19 (35.8)               17 (34.0)
0 (%)                               2 (22.2)                4 (7.5)                   6 (12.0)

GPX2: Glutathione peroxidase 2; pT: pathologic tumor.



Morphological diversity of UC is common; however, UC
with squamous differentiation (UCSD) is the most common
variant that exists mainly in MIBC (24). Naiki et al. (20)
reported that GPX2 positivity correlated with a significantly

higher risk of mortality in those with UCSD unlike UC.
However, we did not observe a significant difference in
GPX2 expression among those with UCSD, compared to
those with pure UC (data not shown). Further studies are
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Figure 3. (A) Comparison of GPX2 expression according to pT stage in cystectomy specimens. (B) GPX2 expression in pTa and pT1 lesions within
the same tumor. 

Figure 4. Evaluation of GPX2 expression in transurethral resection specimens at the time of non-muscle-invasive bladder cancer. 



required to better understand the association between GPX2
expression and variant type of UC.

There are certain limitations to this study such as its
retrospective nature and small sample size. The treatment
was not uniform, as some patients received RC alone while
others received RC with neoadjuvant chemotherapy. For the
immunohistochemical analysis, the study did not include a
comparison of normal urothelial tissues in individuals
without bladder cancer. However, despite these limitations,
the strength of our cohort is that GPX2 expression levels
showed significant decreases from pTa to pT1 in both MIBC
and NMIBC cases. We believe that our study will assist in
better understanding of tumor progression in UC. Further
studies may help clarify the role of GPX2 expression in
bladder cancer progression and help determine whether
GPX2 is a target molecule for cancer invasion prevention.

Conclusion

The decrease in GPX2 expression in UC may be associated
with early phases of tumor invasion in patients with UC of
the bladder.
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