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Background: In Egypt, bladder cancer (BC) is the third common malignant tumor. 
The most important items of CSCs regulatory core are transcription factors like 
SOX2. The cell adhesion molecule CD44 has also been found as a cell surface 
marker with CSCs in multiple types of tumors, like BC. Aim: This study was 
conducted to detect the expression of SOX2 and CD44 and correlate their 
expression with the available pathological parameters. Materials and Methods: 
The study was done on 80 cases of BC (60 cases of transitional cell carcinoma, 17 
cases of squamous cell carcinoma and three cases of adenocarcinoma), 20 
specimens were collected by radical cystectomy and 60 specimens were collected 
by transurethral resection. The specimens were immunostained with SOX2 and 
CD44. Results: SOX2 was positive in 46 cases of urothelial carcinoma (76.7%), 11 
cases of SCC (64.7%) and all adenocarcinoma cases. SOX2 immunostaining was 
significantly increased with muscular invasion, and high stage in urinary bladder 
carcinomas. CD44 was positive in 46/60 cases of urothelial carcinoma (76.7%) and 
all cases of squamous cell carcinoma. The basal cell layer of adjacent, apparently 
normal urothelium, was also expressed a positive reaction for CD44. There was 
significant inverse relation in statistics between CD44 and tumor grade. CD44 was 
also inversely correlated with muscle invasion. Conclusion: SOX2 overexpression 
could be used as a marker of poor progression in bladder carcinoma cases. It could 
be a target for an efficient therapeutic strategy of BC treatment, high grades and 
more liability for infiltration. BC is associated with low expression or complete loss 
of CD44 immune reactivity.  
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INTRODUCTION 

In Egypt, bladder cancer (BC) is the third 
malignant common tumors. Its incidence is  
8.7% of all malignant tumors in both sexes with 
more predominance in males as reported by 
National Cancer Registry with more expected 
cases in the future (12,762 by 2025 and 28, 337 
by 2050) (Al-Sharaky et al. 2020). Previous 
studies indicated that HER2/neu, SPINK1, PD-L1 
and p53 may be considered as predicting 
biomarkers for progression in bladder 
carcinoma (Atef and Bedeer, 2021; Heabah and 
Bedeer, 2021). 

Tumor recurrence and multiple-focality are 
important signs of these tumors. Multiple 
studies suggested that bladder tumors 

originated from a primary transformed 
progenitor cell (Zhu et al., 2017). Carcinoma of 
the bladder is considered a heterogeneous stem 
cell tumor with increasing morbidity and death 
rates if it is not treated properly. The presence 
of cancer stem cells (CSCs) is associated with 
tumor progression, reappearance, metastasis, 
and resistance to conventional chemotherapy 
and makes complete elimination of the tumor 
difficult (Abugomaa et al., 2020; Zhang et al., 
2012; Bellmunt, 2018).  

The normal stem cells found in the basal cell 
layer of the urothelium allow regeneration and 
healing of the urothelium after injury (Garg, 
2015). Multiple immune markers can be used 
for detecting stem cells, for example, CD44, 
CK5, CK17, and laminin receptors (Hatina and 
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Schulz, 2012). CSCs may originate from mutated 
normal stem cells (Jordan, 2009). The normal 
urothelium consists of several layers of 
transitional cells, divided into basal cells, 
intermediate cells, and umbrella cells, which 
can undergo malignant potentials and change 
to CSCs (Garg, 2015; Ohishi et al., 2016). 
Excellence in treatment plans needs more 
understanding of the CSC population and their 
molecular biology (Abugomaa et al., 2020). The 
most important items of CSCs regulatory core 
are transcription factors such as OCT4, SOX-2, 
and Nanog. They play an important role in the 
regulatory network for maintaining the 
‘stemness’ state of stem cells (Atlasi et al., 
2007). 

SOX2, one of the SOX family (SRY-related high 
mobility group box), is an important 
transcription factor involved in the 
pluripotency, self-reappearance and 
differentiation of embryonic stem cell (Tung et 
al., 2010). It is important to detect cell and 
regulate cell proliferation (Sarkar and 
Hochedlinger, 2013). SOX2 immunostaining is 
expressed in many cancers and is correlated 
with CSCs (Ferone et al. 2016; Lundberg et al. 
2016). SOX2 is involved in cancer progression as 
it has been found in tumors with lower degrees 
of differentiation (Hussenet and du Manoir, 
2010). As for carcinoma of the bladder, SOX2 
immunoexpression is linked to tumor 
progression (Kitamura et al. 2013; Ruan et al., 
2013). SOX2-immunoexpression cells were 
found in the normal urothelium, but in 
urothelial malignancies remains elusive (Zhu et 
al., 2017).  

CD44, a cell surface adhesion molecule, is 
expressed in several tumors and involved in 
cancer cell proliferation, differentiation, 
angiogenesis, and disease prognosis (Usui et al., 
2017). Expression of CD44 cells is found in the 
basal layer of the normal urothelium. All CD44 
glycoproteins play the main role in the 
progression of multiple malignant tumors, for 
example, urothelial tumor (Brandt et al., 2009; 
Elbadawy et al., 2019). Repeated failure of 
cancer therapies for bladder carcinoma may be 
due to their low effect on CSCs. The 
development of new CSC-targeted therapies is 
currently hindered by the lack of reliable 
markers for the identification of CSCs and the 

poor understanding of their behavior and fate 
(Zhu et al., 2017).  

The main objective of this work was to study the 
expression of CSCs markers SOX2 and CD44 in 
urinary bladder carcinoma and to correlate their 
expression with the available pathological 
parameters. 

MATERIALS AND METHODS 
Tissue specimens  

The present study was carried out on 80 cases 
of bladder carcinomas selected during the 
period of the study from January 2018 to 
January 2020. Inclusion criteria included all 
available cases of primary bladder carcinoma 
with a full clinicopathological sheet and the 
presence of tissue blocks in good condition. 
Paraffin blocks of the patients were retrieved 
from the archives of the Pathology Department, 
Faculty of Medicine, Tanta University. All 
procedures performed in the current study 
were accepted by the Local Research Ethics 
Committee of Faculty of Medicine, Tanta 
University (approval code number 34252). 
Tissue specimens were in the form of radical 
cystectomy (20 specimens) and transurethral 
resection (TUR, 60 specimens). Cases were 
categorized according to the histopathological 
types into 60 cases of transitional cell 
carcinoma, 17 cases of squamous cell carcinoma 
and 3 cases of adenocarcinoma. Patient’s data 
on age, sex, clinical presentation, and staging 
were obtained from files of surgery and 
oncology reports. Paraffin-embedded sections 
of 4–5 micron in thickness were stained with 
ordinary H&E to reassess the histologic 
diagnosis, tumor grade as well as the extent of 
invasion (in TUR specimens), and T-stage (in 
cystectomy specimens) of bladder carcinomas. 

Histopathological assessment 

Histopathologic types for bladder carcinoma 
cases were according to WHO classification, 
2016. Grading was performed according to 
WHO/ISUP grading criteria (Moch et al., 2016). 
Staging of the tumor and muscle invasion were 
done according to TNM American Joint 
Committee on Cancer Union International 
Center Cancer staging system (AJCC-UICC), 
classifies the tumor into non-muscle invasive 
bladder cancer (NMIBC) (pTa and pT1) or 
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muscle-invasive bladder cancer  MIBC (pT2, pT3 
and pT4) (Moch et al., 2016). 

Immunohistochemical staining 

Paraffin-embedded sections of 4 mm thickness 
were dewaxed and rehydrated. They were 
incubated for 10 min in 3% hydrogen peroxide 
to block the endogenous peroxidase. The slides 
were immersed in acetic acid and put in an oven 
for antigen retrieval, and then washed with PBS. 
The slides were immersed with primary 
antibodies at room temperature. SOX2 for 
rabbit polyclonal antibody (Cat no. E18601, 
Spring Bioscience, USA, 1: 100) and CD44 mouse 
monoclonal antibody (MS-668-P0; Labvision, 1: 
100 dilution) were used. Thereafter, the slides 
were incubated with a secondary antibody 
(Dako EnVision K4007 detection system) for 30 
min and 3,30 diaminobenzidine as chromogen. 
Positive controls were normal skin tissue for 
SOX2 and normal human tonsil sections for 
CD44. Negative controls were prepared by 
replacing the primary antibody with PBS. Which 
counterstain was used? Sections were counter-
stained with hematoxylin. 

Interpretation of immunohistochemical sections 

Immunoreactivity was quantified by counting 
the number of positively stained tumor cells per 
10 high-power fieldsx400; the results were 
expressed as the percentage of positively 
stained tumor cells. SOX2 staining reactions 
were detected as brownish staining, mainly in 
the nucleus, scoring the intensity was as 
follows: (0) negative, (+1) weak, (+2) moderate, 
and (+3) strong staining. Scoring the percentage 
of positive cells was as follows: (0) negative, (+1) 
less than 25%, (+2) 25–50%, (+3) 51–75%, and 
(+4) more than 75%. IHC scoring was done by 
multiplying the intensity score by the 
percentage score as follows: (0) no expression, 
(1–4) weak, (5–8) moderate, and (9–12) strong 
expression (Chiu et al., 2020). The CD44 staining 
reaction was predominantly membranous. The 
scoring was according to the percentage of 
positive cells as follows: negative (0) positive 
cells were up to 1%; (+1) positive cells were 
more than1% and up to 10%; (+2) positive cells 
were more than 10and up to 60%; and (+3), 
positive cells were more than60% (Lu et al., 
2011). 

Statistical analysis  

Statistical analysis of the present study was 
performed by using Statistical Package for Social 
Science (SPSS version 23, IBM corp., Armonk, 
USA). Categorical variables were expressed as 
frequencies and percentages, whereas 
continuous variables were expressed as mean + 
standard variation (SD). Chi-square (X2) test was 
performed to compare categorical variables. A 
significant difference was considered at p-value 
< 0.05. 

RESULTS 

This study was performed on 80 biopsies of 
urinary bladder carcinoma. They included 60 
cases of urothelial carcinoma, 17 cases of SCC 
and 3 cases of adenocarcinoma. The 
clinicopathological features of the studied cases 
of urinary bladder carcinoma are summarized in 
Table 1. 

Immunohistochemical results of SOX2 

SOX2 expression was detected as brown nuclear 
staining. It was positive in 46 cases of urothelial 
carcinoma (76.7%), 11 cases of SCC (64.7%) and 
all adenocarcinoma cases. Adjacent normal 
urothelium expressed negative 
immunohistochemical reaction for SOX2 (figure 
1a-d) It was found that SOX2 expression was not 
significantly correlated with the studied 
histopathological types (p=0.664) and tumor 
grade in bladder carcinoma (P=0.267) (Table 2). 
SOX2 immunoreactivity was significantly 
correlated with the tumor stage (P=0.050) in the 
studied cases of cystectomy specimens as well 
as with the degree of muscle invasion (P=0.042) 
in the studied cases (Table 2). 

Immunohistochemical results of CD44  

CD44 expression was detected as brown 
membranous staining. It was positive in 46/60 
cases of urothelial carcinoma (76.7%) and all 17 
cases of SCC. The adjacent, apparently normal 
urothelium, expressed a positive basal 
immunohistochemical reaction for CD44. The 
relations between CD44 expression and the 
studied histopathological types are significantly 
correlated (p=0.001) (Table 2a-d). CD44 
expression was inversely correlated with the 
tumor grade in bladder carcinoma cases and the 
value reached a significant level (0.046).  
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Table 1. Summary of clinicopathological features of studied cases of urinary bladder carcinoma 

Clinicopathological 
features Total (8) (%) 

Age (Mean ± SD.) 62.86 ± 8.89  
<40 years 2 2.5% 
>40 years 78 97.5% 
Gender   
Male 64 80% 
Female 16 20% 
Histopathological type   
Urothelial 60 75% 
SCC 17 21.2% 
Adenocarcinoma 3 3.8% 
Grade   
High grade 54 67.5% 
Low grade 26 32.5% 

Degree of muscle invasion (80)   
Absent 28 (35) 35% 
Present 52 (65) 65% 

 
Table 2. The relation of SOX2 and CD44 expression with different histopathological features 

Variables SOX2 -ve SOX2 +ve p-value CD44 -ve CD44 +ve p-value 

Histopathological type  
Urothelial  (60) 14 (23.3%) 46 (76.7%) p=MC 

0.664 
14 (23.3%) 46 (76.7%) p=MC 

*0.001 SCC (17) 6 (35.3%) 11 (64.7%) 0 17 (100%) 
Adenocarcinoma  (2) 0 2 (100%) 2 (100%) 0 
Histopathological Grade  
Low grade  (26) 9 (34.6%) 17 (65.4%) 0.168 2 (7.7%) 24 (92.3%) *0.040 
High grade  (54) 11 (20.4%) 43 (79.6%) 15 (27.8%) 39 (72.2%) 
Muscle invasion (80)  
Ta, T1  (28) 11 (39.3%) 17 (60.7%) *0.030 0 28 (100%) *0.001 
T2, T3, T4   (52) 9 (17.3%) 43 (82.7%) 17 (32.7%) 35 (67.3%) 
Stage (n=20) cystectomy  

T2 (7) 5 (71.4%) 2 (28.6%) p=MC 
*0.050 

3 (42.8%) 4 (57.2%) p=MC 
0.374 T3  (11) 2 (18.2%) 9 (81.8%) 2 (18.2%) 9 (81.8%) 

T4   (2) 0 2 (100%) 1 (50%) 1 (50%) 

square test, *: Statistically significant at p < 0.05-square test, FE: Fisher Exact for Chi-square test, MC: Monte Carlo for Chi-: Chi2c 

 

As regards the tumor stage, it was noticed that 
CD44 expression decreased in tumors with high 
stage, but the values did not reach statistically 
significant levels (p=0.374). Moreover, CD44 
expression significantly decreased with muscle 
invasion in the studied cases (p=0.001) (Table 2 
& Figure 2a-d) 

DISCUSSION 

Cancer stem cells are a subtype of cancer cells 
in tumors that have stem cell-like features. CSCs 
were identified in various types of cancer (Lu et 
al., 2010). CSCs in bladder cancer have been 
studied frequently, but the roles of bladder 
CSCs are still controversial Bass et al, 2009. CSCs 
are supposed for carcinogenesis initiation with 
higher apoptosis resistance properties than 

differentiated cancer cells. Chemoresistance is a 
serious problem for high-grade bladder cancer 
patients during prolonged therapy. Recent 
researches detect that cancer stem-like cells 
may play role in recurrence and 
chemoresistance. (Namekawa et al., 2020). 

SOX2, MYC, KLF4and OCT4 are transcription 
factors involved in embryonic stem cell (ESC) 
and induced pluripotent stem cell (iPSC) signals. 
They have been associated with tumor 
progression in different carcinoma (Ben-Porath 
et al., 2008). SOX2 plays important role in the 
self-renewal  and  differentiation  of  progenitor 
cells in different adult tissue (Hu et al, 2010). 
Over-expression in CSCs plays an essential role 
in tumor genesis and the progression of various  
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Figure 1. (a) Non-infiltrating papillary urothelial carcinoma showing negative SOX2 immunoreactivity (x200), (b) Low grade 
Infiltrating urothelial carcinoma showing positive nuclear expression of SOX2 score (+1)  (x200), (c) High grade Infiltrating 
urothelial carcinoma showing positive nuclear expression of SOX2 score (+2) (x400) and (d) Well-differentiated squamous cell 
carcinoma showing positive nuclear expression of SOX2 score (+3) (x100). 

 
types of human carcinomas (Chen et al., 2012).  
The results of the present study revealed that 
positive SOX2 expression was significant with 
advanced tumor stage, and with evident muscle 
invasion. Intense SOX2 expression by 
carcinoma cells is associated to a great extent,  
with poor differentiation states, as SOX2 is 
found to make cells in a state of 
undifferentiating by regulating the transcription 
factor called Nanog (Papapetrou et al., 2009). 
These results are in agreement with those of 
Gayyed and Twfiek (2015) who reported the 
expression of SOX2 and the staging of the tumor 
is significant, suggesting that SOX2 could be 
used as a molecular marker for the prognosis of 
bladder tumors. In previous researches, SOX2 
was highly expressed in high-grade urothelial 
carcinoma (Ruan et al., 2013). Chiu et al. (2020) 
also found that positive SOX2 expression was 
significantly contributed to bladder tumor 
recurrence after surgical resection. They 
recommended that a high percentage of SOX2 

positive cells should support more radical 
therapy. They concluded that SOX2 develops 
bladder cancer cell by induction of the 
IGF2/IGF1R pathway; pharmacological 
inhibition of this pathway inhibits bladder 
cancer cell survival.  

These results highlight the role of SOX2 in 
oncogenesis and therapeutic targets in bladder 
carcinoma. CD44 is a cell surface marker linked 
with CSCs in various human tumors, including 
urinary bladder carcinoma (Klatte et al., 2010). 
In our study, CD44 was expressed in 78.8% of 
the studied cases of urinary bladder carcinoma. 
Between cases of urothelial carcinoma, CD44 
expression was inversely correlated with tumor 
grade. Similarly, Omran and Ata (2012), Abd El-
Fattah et al. (2014) and Yikilmaz et al. (2016) 
found a statistically significant decrease in CD44 
expression with the increase in the tumor grade 
in cases of urothelial carcinoma. This could be 
explained by the more aggressive behavior 
usually seen with high-grade tumors with loss of  
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Figure 2. (a) Normal urothelium adjacent to urothelial carcinoma showing basal positive CD44 membranous immunoreactivity 
score (+1) (x200), (b) Papillary urothelial neoplasm of low malignant potential showing positive CD44 membranous 
immunoreactivity score (+2) (x400), (c) Low grade infiltrating urothelial carcinoma showing negative CD44 immunoreactivity 
(x200) and (d) High grade infiltrating urothelial carcinoma showing negative CD44 immunoreactivity (x200). 
 
adhesion molecules such as CD44. Regarding, 
the relationship between CD44 
immunoreactivity and the stage of urinary 
bladder carcinoma, it was noticed that negative 
CD44 expression within tumors with high stage, 
but did not reach statistically significant values.  

This observation might be attributed to the 
small number of specimens of cystectomy in the 
study. However, among TUR specimens, CD44 
expression was inversely correlated with muscle 
invasion. These results coincided with those 
reported by Omran and Ata (2012), Abd El-
Fattah et al. (2014) and Yikilmaz et al. (2016) 
who revealed that CD44 expression inversely 
correlated with the tumor stage, which may 
enable prediction of the tumor progression, as 
loss or decrease in the adhesion molecule 
(CD44) would stimulate invasiveness of tumor 
cells. On the other hand, Keymoosi et al. (2014) 
reported that CD44 positivity was detected in 
43% of urothelial carcinoma cases, which was 
correlated with high tumor grades and 
recurrence with no significant association 

lamina propria involvement and muscular 
invasion. Wu et al. (2018) reported that the 
CD44 positive staining was significantly 
correlated with high tumor stage, lymph node 
metastasis and recurrence in muscle-invasive 
bladder cancer patients with curative 
treatment, these results were in agreement 
with Siddiqui et al. (2020) who reported that 
bladder carcinoma cases with CD44 positive 
expression had poor prognosis with a high rate 
of recurrence. 

CONCLUSIONS 

SOX2 overexpression could be utilized as a 
marker of poor progression in bladder 
carcinoma cases. It could be a target for an 
efficient therapeutic strategy of BC treatment, 
high grades and more liability for infiltration. BC 
is associated with low expression or complete 
loss of CD44 immunoreactivity. 
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