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Abstract 

Background: The human bladder cancer progression is accompanied 
by the growth of side-populations of cancer stem cells (CSCs). The 
expression of ABCG2 and CD44, as the CSC markers, may be 
associated with different pathological grades of bladder cancer. This 
study was designed to identify the changes occurring in ABCG2 and 
CD44 in different types of bladder tumors at various grades. 
Methods: The sample included 67 patients with bladder cancer (63 
males; 4 females) with a diagnosis of transitional cell carcinoma 
(urothelial cancer) using cystoscopy. Based on the tumor pathological 
grade, we divided the tumor biopsies into two low-grade (N=20) and 
high-grade (N=21) groups. The tumor samples along with 26 normal-
looking bladder tissues were analyzed by techniques like 
immunohistochemistry (IHC) and total RNA extraction for qPCR. 
Results: Based on the results obtained by IHC analysis of ABCG2 and 
CD44 protein in bladder low- and high-grade tumors, these CSC 
markers showed significant elevation in malignant tissues in 
comparison to the normal bladder tissues. The scoring of ABCG2 
expression in normal, low-grade and high-grade tissues was 28, 120, 
and 140 respectively. The CD44 scores in the normal bladder, low-
grade and high-grade tissues were found to be 0.6, 11.5, and 29.0, 
respectively. The IHC data showed inconsistency with the qPCR data, 
suggesting an overexpression of ABCG2 (4-6.5 folds) and CD44 (15-22 
folds) in the low and high-grade tumors in comparison to the normal 
bladder tissue. 
Conclusions: Finding a good relationship between ABCG2 and CD44 
markers and different grades of bladder cancer demonstrated that 
these markers can be seen as potential and predictive indicators of 
bladder malignancy. 
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Introduction 

Bladder cancer is one the most common urothelial cancers, 
which are a group of carcinomas involving the bladder, uterus, 
and renal pelvis tissues.1 According to previous data, the 
incidence rate of bladder carcinoma is higher in men than in 
women with a 3:1 ratio.2 Until 2015, bladder urothelial 
carcinoma has already affected about 3.4 million people that 
430000 new cases are annually added to this figure around the 
world.3,4 

Several urine markers have been identified so far to 
diagnose bladder cancer. However, only a few of are used in 
practice to detect and screen the bladder urothelial carcinomas, 
due to varied and low negative and positive predictive value 
rate of these tests.5,6For example, the utility and use of urine 
markers such as urovysion (FISH), bladder tumor antigen 
(BTA), and nuclear matrix protein 22 (NMP22) in the initial 
diagnosis of bladder cancer is in dispute.7,8 

Some elevated levels of inflammatory markers are also 
found in patients diagnosed as new cases of upper tract 
urothelial carcinoma (UTUR) such as serum C reactive protein 
(CRP). However, the specificity of this test is also evaluated 
low in case of this type of cancer.9 

The major current diagnostic procedure in diagnosis of 
bladder cancer10 includes cystoscopy associated with tissue 
biopsies.  The pathologic grade of the tumor11 appears to be as 
one of the main prognostic factors in the bladder carcinoma. 
The histologic grade provides considerable prognostic 
information; especially to predict the disease progression.12All 
deaths caused by bladder cancers occurs almost among the 
patients with high-grade tumors.13 

Few molecular and biochemical markers such as 
hyaluronic acid and p53 introduced for prognosis and grading 
of bladder cancers are not enough sensitive and specific to 
replace the histopathologic studies of bladder tissue 
biopsies.14,15Although known and used as the best method for 
bladder cancer diagnosis and grading, the general belief is that 
numerous errors may occur in histopathologic examinations.10 

The side population of the stem cells developing to the 
human bladder cancer is correlated with grade, stage, 
recurrence, and progression-free survival.14The ATP binding 
cassette (ABC) family of transporter proteins sub family G2 
(ABCG2)/the breast cancer resistance protein 1 (BCRP1) 
mediates this side population phenotype, which is demonstrated 
to be the main mediator of the phenotype.16 

Accordingly, we assessed the expression of ABCG2 as 
well as CD44 as cancer stem cell markers in human bladder 
cancer tissues in association with the tumor pathological grade 
in this study aimed at finding more about the diagnostic value 
of these markers in the prediction of human bladder cancers. 

Materials and Methods  
The ethics committee of Tehran Shahid Labafi Nezhad 

hospital urology and nephrology research center (ethics code: 
5892) approved this study prior to the selection of patients and 
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collecting the samples. We selected 67 patients (63 males and 4 
females). These patients had referred to the hospital who were 
diagnosed with bladder cancer following primary examination 
and checking the clinical symptoms. Before any therapeutic 
measures, a surgeon made the decision to do the surgery. Also, 
each patient signed a written informed consent before the 
procedure of sample collection. 

The exclusion criteria were having diabetes mellitus, lipid 
metabolism disorders, and hematologic disorders. 

Three groups were considered in this study, including 26 
subjects with a normal bladder as the control group, 20 patients 
with a low-grade urothelial bladder carcinoma as the low-grade 
group, and 21 patients with a high-grade urothelial bladder 
carcinoma as the high-grade group. All groups were matched 
regarding the factors of age and gender (P-value: 0.916 and 
0.999, respectively). A summary of the demographic and 
pathologic information of patients is given in Table 1. 

Table 1. Demographic and pathologic characteristics of patients 
Control group Patient group Characteristic 

60.75-76 59-75 Age in year 
Gender (Frequency) 

25 38 − Male 
1 3 − Female 

Pathologic stage  (T category in TNM staging system) 
- 4 − Ta 
- 26 − T1 
- 6 − T2 
- 4 − T3 
- 1 − T4 

Pathologic grade (WHO grading system) 
- 20 − Low 
- 21 − High 

Tumor size (Centimeter) 
- 29 − ≤ 3.0 
- 12 − >3.0 

A pathologist assessed the slides under a light microscope 
in terms of histopathologic parameters, diagnosis and grading 
of tumors after the procedures of tissue processing, paraffin 
embedding, tissue fixation, slide preparation and haematoxylin 
and eosin (H & E) staining were performed based on the 
standard.17 

The sections with a size of 2 μm were prepared from the 
paraffin-embedded bladder tissues. Their paraffin was removed 
and they were then rehydrated. By submerging the sections into 
10 mM citrate buffer (pH: 6.0) for 3 minutes at 97˚C, followed 
by 30 minutes of incubation at 60˚C, the tissue antigens were 
extracted. The processed of endogenous peroxidase activity 
blocking and non-specific binding inhibition were done using 
hydrogen peroxide block reagent and the protein block reagent 
by employing the expose rabbit specific HRP/DAB detection 
IHC kit (Abcam, UK) according to the manufacturer`s 
instructions. 

The rabbit monoclonal anti CD44 antibody (ab157107, 
Abcam, UK) and rabbit monoclonal anti ABCG2 antibody 
(B7185, Sigma-Aldrich, USA) were diluted by 1:1000 and 1:50 
ratios, respectively, which were then incubated with the 
sections for 1 hour based on the manufacturer`s 
recommendations. Following rinsed for three times with PBS, 

we added the goat anti rabbit HRP conjugate (expose rabbit 
specific HRP/DAB detection IHC kit, Abcam, UK). After 15 
minutes of incubation, they were rinsed again (4 times). We 
then submerged the tissue sections with DAB chromogene for 
10 minutes and counter stained them with haematoxylin and 
finally cover-slipped them. 

We replaced the ABCG2 and CD44 primary antibodies 
with PBS in the IHC procedure to assess the presence of 
background staining. An expert pathologist unaware of the 
patients’ information and qPCR results carefully examined the 
cell membrane expression of ABCG2 and CD44 at the bladder 
urothelium. 

We calculated the scores of IHC results by multiplying the 
percentage of positive stained cells by the intensity of staining. 
The average percentage of positive cells in 5 high-power 
microscopic fields (40x) was obtained to calculate the 
percentage of positive stained cells. The slides with positive 
stained cells lower than 10% were scored as negative. The 
intensity of staining was graded as 0 for no staining, 1 for 
weak, 2 for moderate and 3 for strong. 

According to the kit package insert, the using hybrid-R 
extraction kit (GeneAll Biotechnology, South Korea) was used 
to extract the mRNA from the bladder tissue biopsies. Using 
spectrophotometry (NanoDrop 2000 C Thermo Scientific, 
USA) and gel agarose electrophoresis, we assessed the quality 
and quantity of the extracted mRNA based on a standard 
procedure. We converted 2 μg of mRNA to complimentary 
DNA (cDNA) by the RevertAid First Strand cDNA Synthesis 
Kit (Thermo Fisher scientific, USA) according to the 
manufacturer`s instructions. Using the primer 3.0 online 
software version 4.0 (http://bioinfo.Ut.Ee/primer3-0.4.0/), we 
designed the specific primers for ABCG2 and CD44.  The 
primers’ specificity was assessed using the blast analysis 
technique (http://bioinfo.Ut.Ee/primer3-0.4.0/).  

The primer sequences were as the following: 

ABCG2 

Forward: 5`GTGGCCTTGGCTTGTATGAT3`  

Reverse: 5`AACAATTGCTGCTGTGCAAC3`  

CD44 

Forward: 5`GGCAAGAAACCTGGGATTGG3` 

Reverse: 5`CGTGGTGTGGTTGAAATGGT3`  

Using the Norm-finder Excel-based software,18 the 
GAPDH was selected from beta Actin, HGPRT and GAPDH 
genes as the reference gene. The specific primers of GAPDH 
were designed and blasted as described previously. The 
GAPDH primer sequences were as below: 

Forward: 5`CTGACTTCAACAGCGACACC3` 

Reverse: 5`GTGGTCCAGGGGTCTTACTC3` 

We evaluated the efficiency of each primer set in the qPCR 
based on the standard protocol.19 The real time PCR reactions 
were conducted in triplicate by using the ABI 7500 real-time 
PCR instrument (Applied Biosystems, USA) and the Real Q 
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Plus 2x Master Mix Green (Ampliqon, Denmark) with SYBR 
green method according the following program: 15 minutes at 
95˚C activation phase followed by 40 cycles of 60-second 
denaturation at 95˚C, 30 seconds of annealing at 60˚C, and 
finally, 60 seconds of extension at 72˚C per cycle. 

All the statistical analyses were made using the Graphpad 
Prism software, Ver. 7.0. We also used the descriptive statistics 
to analyze the patients’ characteristics. The Kruskal-Wallis test 
was employed to examine the relationship between the control, 
low-grade, and high grade groups. In addition, the Chi Square 
test was applied to assess the correlation between the ABCG2 
and CD44 gene expression and the bladder cancer. 

We represented all data as mean±standard error of the 
mean (SEM), and the P-values lower than 0.05 were considered 
statistically significant. 

Results 
In this study, we compared the expression of CD44 and 

ABCG2 in the bladder tissues obtained from patients, which 
were divided based on histopathological grade of the tumor 
specified by the H&E staining technique. 

As seen in Figure 1, we compared the low-grade and high-
grade urothelial carcinomas with the normal tissue. The 
presence of cytological and architectural disorders is the key 
for the differential diagnosis of normal, low-grade and high-
grade neoplastic urothelium cancers, which includes the 
variability in size and color of the urothelial cells and the loss 
of polarity in the urothelium.20 

The mean score for the low-grade carcinoma was obtained 
as 11.33±8.31 in examining the immunohistochemistry scoring 
in the case of CD44 protein accommodation in the bladder 
tissue preparation, while this score obtained as 29.00±13.21 in 
case of the high-grade carcinoma and 0.62±0.26 for the normal 
bladder tissues (Figure 2). 

The carcinoma samples clearly showed relatively higher 
immunohistochemistry scores for the CD44 with a significant 
difference in comparison with the CD44 IHC score in the low-
grade and high-grade samples (Figure 3). 

The study of ABCG2 protein expression in the bladder 
tissue samples also revealed a relatively higher expression of 
this protein in the high-grade tumors (score: 136.4±14.6) 
compared to the values estimated in the low-grade tumors 
(score: 119.6±21.8) (Figure 4). 

Moreover, the malignant tissues showed higher levels of 
ABCG2 accumulation in comparison with the normal tissues 
(with a score: 26.79±21.61) (Figure 5). 

The results of the CD44 and ABCG2 protein expression 
(IHC analysis) were inconsistent with the qPCR findings of 
CD44 and ABCG2 expression at the mRNA levels in the 
normal urothelium, low-grade and high-grade carcinoma 
samples. Based on the qPCR findings, we found a significant 
overexpression of the CD44 in the bladder samples from low-
grade and high-grade carcinoma tissues in comparison with the  

 
Figure 1. Representative histologic photographs of H&E-stained, a) Normal 
bladder tissue, b) Low grade bladder tumor tissue, c) High grade bladder tumor 
tissue (400X magnitude). Urothelial cells layer indicated by arrows. 

 
 
Figure 2. Comparison of CD44 protein expression in: a) Bladder cancer and 
normal bladder tissue. b) Normal bladder, low grade and high grade tumors. 
 
 

 
 
Figure 3. Representative slides of IHC staining with CD44 antibodies, a) Normal 
bladder tissue. b) Low grade bladder tumor tissue. c) High grade bladder tumor 
tissue (400X magnitude). CD44 positive cells are colored brown and negative 
cells are blue. 
 

 
Figure 4. Representative slides of IHC staining with ABCG2 antibodies, a) 
Normal bladder tissue. b) Low grade bladder tumor tissue. c) High grade 
bladder tumor tissue (400X magnitude). CD44 positive cells are colored brown 
and negative cells are blue. 
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Figure 5. Comparison of ABCG2 protein expression in: a) normal bladder, low 
grade and high grade tumors. b) Bladder cancer and normal bladder tissue. 

 

 

 
 

Figure 6. Comparison of relative mRNA expression of a: CD44 in normal 
bladder, low grade and high grade tumors. b) ABCG2 in normal bladder, low 
grade and high grade tumors. 
 

normal samples. The increased CD44 expression was 
significantly higher in the low-grade and high-grade tumors (P-
value<0.0001) equal to 14.31±4.36 and 21.55±4.31, 
respectively, compared to the values estimated in the case of 
normal tissue (Figure 6A). Similarly, a significant elevated 
level of expression of the ABCG2 specific mRNA in the 
carcinoma samples was seen compared to the normal bladder 
(Figure 6B). Increase rates found in the ABCG2 expression in 
the case of low-grade and high-grade tumors were 
approximately as 4.27±3.44 and 6.51±3.49 increase, 
respectively. 

Discussion 
No sensitive and specific biochemical or molecular marker 

has been provided to distinguish different pathological grades 
of bladder cancers despite numerous researches conducted to 
understand the molecular pathogenesis of bladder cancers. The 
developed genetic and epigenetic assays for molecules such as 
growth factors and their receptors21, 22, 23 have not become 
practical yet in the clinical studies. 

However, the emergence of markers related to the cancer 
stem cells (CSCs) is promising for the diagnosis of bladder 
cancer. In this research, we found a relationship between the 
tumor grade in the human urothelial carcinoma and the 
upregulation of ABCG2 and CD44 as CSC markers in bladder 

tumors. Based on the patients’ demographic information a 
major part of the bladder cancer patients (92%) are men (38 
men and 3 women). The patients were classified as T1 in terms 
of TNM staging system (26 out of 41) (Table 1). However, 
according to the WHO grading system, the low-grade urothelial 
carcinomas accounted for approximately 50% of the tumors 
(low-grade: N=20; high-grade: N=21). 

A ~ 4 fold and a ~ 6.5 fold increase were found in the 
ABCG2 specific mRNA in the low-grade and high-grade 
tumors by comparing the gene expression in the low- grade and 
high-grade samples (Figure 6B). The relatively low levels of 
ABCG2 expression in the normal urothelial tissues (control) 
can conforms the specificity of this marker to the malignancy 
condition. 

The qPCR data on the ABCG2 gene expression was 
consistent with the IHC pattern, which shows the differences in 
the ABCG2 protein accumulation within the tumor tissues. 
Comparing the ABCG2 protein expression in the tumor tissues 
revealed a weak staining in the normal urothelium (~25% of 
the urothelial cells), a moderate staining in ~50% of the 
neoplastic cells in the low-grade urothelial carcinoma, and a 
moderate staining in ~75% of the neoplastic cells with a high-
grade carcinoma, which were inconsistent with the qPCR data. 

We saw a similar pattern of changes in the CD44 gene 
expression in the urothelium samples diagnosed as normal, 
low-grade and high-grade carcinomas (Figure 6A). Comparing 
the CD44 expression at mRNA levels revealed a ~18 fold 
increase in the CD44 mRNA in the malignant tissues relative to 
the normal matched tissues. In addition, a significant difference 
was found in the CD44 expression between the low-grade and 
high-grade tumors. 

Similarly, cases with tongue carcinoma have been also 
reported with overexpression or rather the co-expression of 
ABCG2 and CD44 genes. Demonstrated by this study, there is 
a relationship between CD44v6 or ABCG2 positivity in the 
neoadjuvant chemotherapy (NAC-treated patients) and the 
tumor local recurrence. This indicates that the local recurrence 
in the NAC-treated cases is associated with the activity of 
cancer stem-like cells.24Further description has been provided 
regarding the prognostic value of ABCG2 and CD44 in patients 
with triple negative breast cancer.25According to Wang et al. 
(2017), ABCG2 can serve as a prognostic marker for the 
overall survival in patients26 based on the analysis of overall 
survival in patients with clear renal cell carcinomas. Hepburn et 
al. (2012) also emphasized the role of ABCG2 as a cancer stem 
cell (CSC) marker in cancers through introducing the ABCG2 
as the major mediator of side population of CSCs in the non-
muscular invasive bladder cancer (NMIBC). Accordingly, this 
marker seems to be a proper therapeutic target for the 
NMIBC.27Studies conducted by Xiang et al. (2012) further 
supported this result by suggesting the relationship between 
ABCG2 expression and histologic grade of the breast invasive 
ductal carcinoma biopsies. Accordingly, ABCG2 was 
introduced as a potential prognostic biomarker to predict 
clinical progression and the response to chemotherapy.28 

We found a high correlation between the ABCG2 
expression and the pathological grades of the tumor in our 
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study on the bladder samples. The presence of a similar 
relationship in other malignancies such as glioma29 suggests 
that the CSC marker can be used for the diagnosis of different 
cancers. 

The IHC analysis on the bladder carcinoma biopsies in 
relation to CD44 as a CSC marker represented this marker can 
be further trusted in the high-grade bladder carcinoma 
biopsies.30The detection condition of IHC probably depends on 
different factors since the detection of CD44 expression by this 
technique appeared lower in the high-grade tumors compared 
to the low-grade urothelial carcinoma tissue 
biopsies.31However, the qPCR is capable of differentiating the 
CD44 expression the in control and low-grade tumors due to its 
advantages (Figure 6A). 

In conclusion, based on a case-control study on clinical 
samples, the co-expression of ABCG2 and CD44 together 
seems to be a promising marker for the diagnosis and grading 
of urothelial carcinoma. Nevertheless, more studies with larger 
population are required to identify clinical uses of ABCG2 and 
CD44 in the diagnosis and grading of bladder carcinomas. 
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