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INTRODUCTION

Bladder neoplasm is a standout amongst the most 
widely recognized cancers.[1] It adds 3% to the 
cancer‑related mortality.[2] Its mortality and morbidity 
can be diminished by early detection and prompt 
management.[3]

Hematuria is the most common manifestation that leads 
to the evaluation and detection of bladder neoplasms. 
Cystoscopy, upper tract imaging, and cytology are 
the established modalities for the evaluation of 
hematuria.[4] Amongst them, cystoscopy and urine 
cytology are the widely employed modalities for the 

diagnosis, follow‑up, and surveillance of bladder cancer. 
Cystoscopy is most sensitive but operator dependent and is 
an invasive procedure for the patients. Urinary cytology is 
tumor grade dependent and has overall low sensitivity.[5,6]

To overcome the aforementioned lacunae, numerous 
biomarkers have been assessed. At present, the 
quantitative BTA TRAK, qualitative BTA stat, quantitative 
immunoassay NMP22, qualitative test NMP22  (bladder 
check), UroVysion (fluorescence in situ hybridization test), 
and ImmunoCyt test are approved by the US Food Drug 
Administration  (FDA).[7] However, requisite sensitivity 
and specificity are not achieved by the available urinary 
biomarkers.[8]

ABSTRACT
Introduction: Numerous biomarkers have been investigated for the diagnosis and follow‑up of patients with bladder 
cancer, but none has achieved desirable acceptability. In the search of biomarkers, minichromosome maintenance protein 
2 (MCM2), a cell cycle regulatory protein, was investigated and the preliminary results were promising. Hence, we 
conducted a study to investigate the role of immunocytochemical (ICC) detection of MCM2 in voided urinary samples 
of patients with bladder cancer in an Indian population.
Materials and Methods: A prospective comparative observational study was performed. One hundred and fifty patients 
with a mass lesion in the bladder and 100 controls were enrolled in this prospective study from June 2017 to–December 
2018. Fifty‑milliliter of voided urine sample was collected and processed for ICC staining of MCM2.
Results: Fifty, 100, and 200 positive MCM2 cells as a cutoff value has shown a sensitivity of 87.33% (80.93%–92.20%), 
84.67%  (77.89%–90.02%), and 80.67%  (73.43%–86.65%), respectively. The specificity of 50, 100, and 200 positive 
MCM2 cells was 97% (91.48%–99.38%), 99% (94.55%–99.97%), and 100% (96.38%–100.0%), respectively.
Conclusion: ICC detection of MCM2 in voided urinary samples has good sensitivity and specificity for the detection of 
bladder cancer. Hence, it can be used as a potential marker for the detection of bladder cancer.
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Another potential biomarker is  minichromosome 
maintenance protein  (MCM). MCM as a biomarker has 
been evaluated for epithelial cancer since 1900.[9‑12] The 
MCM proteins are important nuclear regulators of cell 
cycle and are highly specific for cellular proliferation. 
MCM protein is expressed in proliferating cells and cells 
with potential of proliferation.[13] In normal cells, MCM 
proteins are degraded in quiescent phase, but in malignancy 
and premalignancy, MCM proteins do not disappear and 
get accumulated in the nucleus of proliferating cells.[10] 
This attribute of the MCM protein leads to its expression 
and may serve as a breakthrough in the detection of 
malignancy.

There are six types of MCM protein  (MCM2–7). 
Korkolopoulou et al. concluded that MCM2 and MCM5 
proteins are useful and reliable proliferation and 
prognostic markers in patients with muscle‑invasive 
bladder carcinomas.[14] Diagnostic role of the detection 
of MCM2 in urine of bladder cancer was also found to be 
promising.[15,16]

Despite the early promising results of MCM2  (good 
sensitivity and specificity), a limited number of studies are 
available in literature, and as per our knowledge, no study 
has been performed in Indian subjects. We conducted this 
study to assess the role of immunocytochemical detection 
of MCM2 in voided urine of bladder cancer in an Indian 
population.

MATERIALS AND METHODS

The study was approved by our institutional ethics 
committee and written informed consent was obtained 
before enrollment in the study. The study was conducted 
between June 2017 and–December 2018. Patients who 
were diagnosed with a bladder mass and were admitted 
for transurethral resection of tumor were included and 
labeled as the study group  (SG). Patients with urinary 
tract infection  (UTI), concomitant upper tract tumor, 
and any recent (within 1 week) urethral instrumentation 
were excluded. The reason of exclusion was avoiding 
contamination of the result from upper tract malignancy, 
undesired contamination of basal urothelial cells in 
collected samples due to instrumentation, and infection. 
100 subjects with renal stone disease, ureteric stone disease, 
and pelviureteric junction obstruction, who had no known 
urothelial malignancy, active UTI, or history of gross 
hematuria, were included as controls and labeled as CG. 
All CG patients underwent cystoscopic examination during 
their respective surgery, and bladder malignancy was 
further ruled out.

Comprehensive history was recorded and 50‑ml freshly 
voided samples (irrespective of the presence of hematuria) 
were collected. All collected samples were processed 

within 1 h. Liquid‑based cytology  (LBC) slides were 
prepared with  BD sure Path automated processor. Prepared 
unstained LBC slides were dipped for 2 min in methanol 
and relocated into overnight freeze acetone for  1 h, 
followed by peroxidase blocking which was performed 
for 10 min and washed with buffer, and then ready‑to‑use 
rabbit monoclonal minichromosome maintenance 
protein (Pathn Situ biotechnologies Pvt. Ltd., EP40) was 
incorporated and stored for 40  min at room condition. 
Envision‑labeled polymer was incorporated for 30  min 
after washing. Commercially provided ready‑to‑use 
3,3′-Diaminobenzidine chromogen was then applied over 
the slide and stored for 10  min. Counterstaining with 
hematoxylin was performed after washing and kept for 
5  min at ambient temperature. Slides were viewed and 
reported by a pathologist in the department of pathology. 
MCM2‑positive cells showed nuclear staining, whereas 
negative cells did not take nuclear stain of MCM2 antibody 
stain [Figure 1a‑c].

An average number of MCM‑positive cells per high‑power 
field  (×40 view) were estimated after counting of ten 
high‑power fields per slide. An equivalent number of 
positive cells were further estimated with multiplication 
factors  (nine cells/high‑power field are equal to 5000 
equivalent cells; round‑off multiplication factor 550[17]). 
If ten high‑power fields did not show positive cells, then 
further part of slide was assessed, and a mean positive value 
per high‑power field  (and equivalents positive cells) was 
calculated. For adequacy of slide, 5000 cells were considered 
a minimum number of equivalent cells. Three cutoff values 
were taken as under:
1.	 50 cells positive for MCM2 (50+ cells)
2.	 100 cells positive for MCM2 (100+ cells)
3.	 200 cells positive for MCM2 (200+ cells).

A higher number of positive MCM2 cells above the cutoff 
value were considered positive for MCM2. Conventional 
cytology of urinary samples was also performed by 
Papanicolaou’s method, and reporting was done according to 
the Paris system. For better clinical significance, suspicious 
and atypical cytology was considered negative in the current 
study. Cystoscopy and transurethral resection of tumor of SG 

Figure 1: (a) ICC-minichromosome maintenance protein 2-positive exfoliated 
urothelial cell (specimen: Voided urine) low-magnification view (×10 view). 
(b) ICC-minichromosome maintenance protein 2-positive exfoliated cell (specimen: 
Voided urine) high-magnification view (×40 view). (c) ICC-minichromosome 
maintenance protein 2-negative exfoliated urothelial cell (Specimen: Voided 
urine) high-magnification view (×40 view)
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were performed usually 3–7 days after collection of urinary 
samples. Tumor staging and grading were recorded after 
transurethral resection of bladder tumors.

After obtaining data, the analysis was performed with SPSS 
23 (Statistics for Windows, IBM Corp. 2015, Armonk, NY, 
USA). Pearson’s Chi‑square test and McNemar‑Bowker test 
were used. Sensitivity and specificity were calculated, and 
their confidence interval was calculated by Clopper–Pearson 
method.

RESULTS

During the study period, we enrolled 150  patients of 
known bladder SOL as SG after exclusion of 39 patients 
(as per exclusion criteria) and 100 patients were enrolled 
as CG. CG included 49 renal stone disease patients, 
18 pelviureteric junction obstruction patients, and 33 
ureteric stone patients. Most of the patients of bladder 
SOL were older in age  (more than 50  years), were 
male, and had history of smoking  [Table  1]. Mostly, 
they presented with hematuria, and histopathological 
examination revealed nonmuscle‑invasive tumor and 
low‑grade tumor [Table 1].

When a cutoff of 50 MCM2‑positive cells was taken , 
then 87.33% (n = 131) of bladder SOL (SG) were positive 
for malignancy, as compared to 3%  (n  =  3) of CG. But, 
when the cutoff value was increased to 200 positive cells, 
80.67% (n = 121) of the SG was positive without any false 
positives [Table 2]. For all the cutoff values, the positivity of 
SG was significantly more than the CG (P < 0.0001).

The sensitivity for detection of ICC‑MCM2‑positive 
exfoliated urothelial cells in the voided urine samples 
was >80% for all the cutoff values, whereas the specificity 
was greater than 95% and increased to 100% when the 
cutoff value was 200 MCM2‑positive cells [Table 3]. Urinary 
ICC‑MCM2 detection remained unaffected by depth and 
grade of tumor (P > 0.05)  [Table 4]. Cancer detection by 
ICC‑MCM2 was statistically better than urinary cytology 
in the SG (P < 0.005) [Table 5].

DISCUSSION

Biomarkers are emerging tools for the detection and 
follow‑up of various neoplasms. Different biomarkers have 
been used and approved by the FDA for bladder cancer, but 
none of them have achieved desirable sensitivity. Therefore, 
the pursuit of a new biomarker is essential.

One of the biomarkers is MCM. It is a nuclear regulatory 
protein, which is expressed during the division of cells. It 
is expressed in malignant and premalignant cells and basal 
layer of urothelial layers (which are normally not exfoliated 
in the urine).[13] This gives us an opportunity to detect MCM 

in urine of bladder cancer patients. MCM protein complex 
constitutes six subtypes (MCM2–7).[18]

After the late 1990, MCM has been studied in different 
epithelial carcinomas such as cervical, laryngeal, 
esophagus, and anal carcinomas.[9‑12,19] Initially, 
immunostaining of MCM5 subtype of MCM protein 

Table 1: Clinical features, stage and grading of tumor of 
study group
Variables Frequency Percentage

Age (years)
<41 years
41‑50
51‑60
61‑70
More than 71 years

150 {mean age 59.74±21.5}
7
17
57
51
18

4.7
11.3
38.0
34.0
12.0

Sex
Male
Female

126
24 

84
16

Family history
Present
Absent

17
133

11.3
88.7

Smoker
Smoker
Non ‑smoker

119 (112 male & 7 female)
31 (14 male & 17 female)

79.3
20.7

Mode of presentation
Hematuria
Others
Incidental
Dysuria
LUTS

141
9
2
5
2

94
6

Tumor stage
Benign
PUNLMP
Ta
T1
T2
CIS

2
2

49
82
14
1

1.3
1.3

32.7
54.7
9.3
0.7

Grade of tumor
Benign
PUNLMP
Low grade
High Grade

2
2

87
59

1.3
1.3
58

39.3

LUTS: lower urinary tract symptom, CIS: carcinoma in situ, 
PUNLMP: papillary urothelial neoplasia of low malignant potential

Table 2: ICC ‑MCM2 positivity
MCM2 cut 
off value

Study Group 
(positive)

Control Group 
(Positive)

P*

50+cells 131 (87.33%) 3 (3%) <0.000001
100+cells 127 (84.67%) 1 (1%)
200+cells 121 (80.67%) 0 (0%)

MCM2: Mini Chromosome maintenance protein 2, *Pearson’s 
Chi‑square test and Mc Nemar ‑Bowker

Table 3: Sensitivity and specificity of ICC‑MCM2 positivity
Cut off value 
(MCM2)

Sensitivity (confidence 
interval) %

Specificity (confidence 
interval) %

50+cells 87.33 (80.93‑92.20) 97 (91.48‑99.38)
100+cells 84.67 (77.89‑90.02) 99 (94.55‑99.97)
200+cells 80.67 (73.43‑86.65) 100 (96.38‑100.0)

*Confidence interval was calculated by Clopper‑Pearson method
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complex was examined in histology of the bladder cancer 
by Stoeber et al.[20] Proportionated immunostained cells 
with MCM5 were correlated with grade of bladder 
transitional cell carcinoma, which amounted to 45%, 
70%, and 78% for well‑differentiated (G1), moderately 
differentiated  (G2), and poorly differentiated  (G3) 
tumors, respectively.

After antecedent positive results, Stoeber et  al. had 
used the detection of minichromosome maintenance 5 
protein in urine sediments to diagnose genitourinary tract 
carcinoma.[21] They concluded that the elevated levels 
of MCM5 in urine sediments was highly predictive of 
bladder cancer. Similarly, MCM2 was studied by Burger 
et al.[22] and Krüger et al.[23] in the histological specimens 
of bladder cancer and found it to be of good prognostic 
significance.

Diagnostic role of MCM2 in urine sediment cells was 
investigated by Gordon et  al.[16] MCM2 levels were 
determined in LBC urine samples from 56 patients who had 
a diagnosis of bladder cancer as determined by cystoscopy 
which showed a sensitivity of. 93%.

Saeb‑Parsy et al. had also conducted a study to investigate 
the diagnostic accuracy of  immunocytochemistry (ICC) of 
MCM2 in bladder cancer. Four hundred and ninety‑seven 
patients  (patients with gross hematuria or follow‑up 
case of bladder cancer on cystoscopic surviellance) 
were enrolled in their study. Adequate urinary samples 
were obtained and a cutoff value 50+  MCM2‑positive 
cells in the specimens of patients with gross hematuria 
and 200+  cells in patients on cystoscopic surveillance 
based on a minimum total cell number of 5000 was 
set. Sensitivity, specificity, and negative predictive 

value were 81.3%, 76.0%, and 92.7% in gross hematuria 
and 63.2%, 89.9%, and 89.9% in cystoscopic follow‑up 
patients, respectively.[15]

In the present study, we had set three cutoff values of 
MCM2‑positive exfoliated cells  (50, 100, and 200 
MCM2‑positive cells). The above values were considered 
positive for MCM2. At a cutoff value of 50 MCM2‑positive 
cells, 87.33% in the SG were true positive, but the false 
positive rate was 3% whereas at a cut off of 200 positive 
MCM2 cells there were no false positives with >80% true 
positive rate in the SG [Table 2].

The present study revealed high sensitivity and specificity 
of immunocytochemical  (ICC) detection of MCM2. The 
sensitivity of the present study is similar to the previous 
work performed by Gordon et al.[16] and Saeb‑Parsy et al.[15] 
However, specificity is higher as compared to the study by 
Saeb‑Parsy et al.

The positive detection of urinary MCM2 was not affected by 
depth and grade of the bladder tumor [Table 4]. Malignant 
cell detection with cytology was also compared with urinary 
ICC‑MCM2 in the present study. MCM2 positivity was 
statistically superior in all threshold values [Table 5].

CONCLUSION

We conclude that urinary immunocytochemical detection 
of MCM2 in exfoliated cells show a promising role in 
patients with bladder tumor. It can be used as a potential 
biomarker for the detection of bladder cancer as it 
had very high sensitivity and specificity. However, to 
generalize this statement, further multi‑institutional, 
the inclusion of large number of patients, follow‑up 
patients, and patients recieving bacillus Calmette–Guerin 
is required.
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