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Oct4B, CD90, and CD73 are upregulated in bladder tissue following 

electro-resection of the bladder 

Introduction 

 

In 2014, Obokata et al., reported a cellular reprogramming 

phenomenon with acid treatment called stimulus-triggered 

acquisition of pluripotency (STAP). Unfortunately, their article 

was retracted because of misconduct, and the trial to replicate of 

the STAP cell phenomenon by other groups failed[1]. Nevertheless, 

the idea that strong environmental stimuli may reprogram 

differentiated somatic cells into less-differentiated ones is still 

worth pursuing.  

 

The POU family transcription factor Oct4 (octamer-binding 

transcription factor 4) is an essential regulator of pluripotency and 

is of central significance in nuclear reprogramming[2]. It is one of 

the four reprogramming Yamanaka factors generating induced 

pluripotent stem cells[3]. Mesenchymal stromal cells (MSCs) are a 

rare population of non-hematopoietic stromal cells that reside in 

the bone marrow and connective tissues. They have the potential to 

differentiate into mesenchymal tissues such as bone, cartilage, 

muscle, and adipose tissues and, therefore, can be significant in 

tissue repair[4]. CD90 (thymus cell antigen 1) and CD73 (ecto-5'-

nucleotidase) are surrogate positive markers of MSCs, while MSCs 

lack CD45 (leukocyte common antigen) expression[5, 6]. 

 

Transurethral electro-resection of intravesical tumors (TUR-Bt) is 

the first step in the treatment of bladder cancer. To confirm the 

completeness of endoscopic resection of bladder tumors, secondary 

resection of bladder tissue at the site of the preceding resection is 

performed within a few months. When no tumors remain in the 

resected specimens, the bladder is often preserved in situ. In the 

patients, the bladder tissue after primary electro-resection 

undergoes tissue repair. We hypothesized that the STAP 

phenomenon can be introduced by the stimulus of electro-resection 

in  the  bladder  tissue  during regeneration  and  that various levels 
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of stem cell markers such as Oct4, CD90, and CD73 would appear in 

the bladder tissue resected by the secondary electro-resection. 

 

Materials and Methods  

 

Following endoscopic primary bipolar electro-resection of bladder 

tumors in saline (the TURis system, Olympus, Tokyo, Japan), 

secondary resection of bladder tissue at the primary resection site was 

performed. Those electro-resections were done at 280 watts.  

 

Eight bladder paraffin-embedded specimens of secondary resections 

without remaining bladder tumors on examination with hematoxylin-

eosin staining were immunohistochemically stained using anti-human 

Oct4 rabbit monoclonal antibody raised against amino acids 250-350 

of human origin (EPR2054, Abcam, Cambridge, UK), anti-human 

Oct4 mouse monoclonal antibody raised against amino acids 1-134 of 

human origin (sc-5279, Santa Cruz Biothchnology, Inc., Dallas, 

Texas, USA), anti-human CD90/Thy1 rabbit monoclonal antibody 

(EPR3132, Abcam, Cambridge, UK), anti-human CD73 mouse 

monoclonal antibody (sc-32299, Santa Cruz Biotchnology, Inc., 

Dallas, Texas, USA), and anti-human CD45 mouse monoclonal 

antibody (IR751, Dako Japan, Tokyo, Japan). The mean interval 

between the primary and secondary electro-resection for the eight 

patients was 58 days. EPR2054 antibody detects both Oct4A and 

Oct4B proteins, while sc-5279 identifies Oct4A protein only. 

 

The pathological diagnoses of corresponding primary tumors were all 

urothelial cancer and those specimens were also stained for Oct4 and 

CD90 as above. Two paraffin-embedded specimens of bladders 

excised at autopsy (died of cardiac infarction and pancreatic cancer), 

two paraffin-embedded specimens of testicular embryonal cancers, 

and paraffin-embedded specimens of primary TUR-Bts were 

similarly stained. 
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Results  

 

As summarized in Table 1, the pT stages of primary electro-resection 

were pT1 or possibly more than pT1, and tumor grades were G2 to G3 

in the eight cases with no tumors in the secondary electro-resected 

specimens. Both EPR2054 and sc-5279 detected Oct4-expressing 

cells in the nucleus of embryonal cell cancer cells (Figure 1). DAPI 

staining for nuclear co-localization of Oct4A was not performed. 

Control autopsy bladder tissues did not show Oct4-expressing cells at 

all (Figure 2) by either EPR2054  or  sc-5279. In  four out of the eight 

 

cases, Oct4 protein was sporadically stained with EPR2054 in the 

cytoplasm of interstitial cells located in the specimens of second 

TUR-Bt (Figure 3 and Figure 4), but sc-5279 did not detect Oct4A 

protein in the specimens, revealing that Oct4 detected by EPR2054 is 

Oct4B. In bladder tumors resected by the primary TUR-Bt, Oct4A 

was not detected by sc-5279. Oct4 was sporadically demonstrated in 

five out of the eight bladder tumors in the cytoplasm of interstitial 

cells, but not in tumor cells by EPR2054, showing that the detected 

Oct4 was Oct4B (Data not shown). 

 

 

 

 

 

 

 

 

 

Takeuchi T, et al. J Stem Cells Regen Med 2016; 12(1) 

P11  

 

 

Figure 1: Immunohistochemistry of embryonal cell cancer. Upper left: hematoxylin and eosin staining. Upper middle: Oct4 staining with EPR2054. Upper right: Oct4A 

staining with sc-5279. Lower left: CD90 staining. Lower middle: CD73 staining. Lower right: CD45 staining. 400x in the original picture, and Bar=100 μm. Oct4A was 

expressed in the nucleus of embryonal cell cancer cells. CD90 was weakly positive in the vascular endothelial cells. CD73 was negative in embryonal cell cancer, while 

CD45 was expressed in lymphocytes infiltrating cancer. In the stroma surrounding embryonal cell carcinomas, CD73 was strongly positive. 

Figure 2: Immunohistochemistry of representative (died of cardiac infarction) control autopsy bladder tissue. Upper left: hematoxylin and eosin staining. Upper middle: 

Oct4 staining with EPR2054. Upper right: Oct4A staining with sc-5279. Lower left: CD90 staining. Lower middle: CD73 staining. Lower right: CD45 staining. 200x in 

the original picture, and Bar=100 μm. Oct4A, Oct4B, and CD73 were negative. CD90 was weakly positive in the vascular endothelial cells. CD45 was expressed in 

lymphocytes. 
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Oct4B, CD90, and CD73 upregulation in the bladder regeneration 

CD90 expression was weakly positive in the vascular endothelial cells 

and CD73 was basically negative in control autopsy bladders and 

embryonal cell carcinomas, while CD45 was detected in lymphocytes 

there. In the stroma surrounding embryonal cell carcinomas, CD73 

was strongly positive. CD90 and CD73 were markedly up-regulated 

in the interstitial cells in addition to showing enhanced expression in 

vascular endothelial cells in all electro-resected specimens by the  

second TUR-Bt (p=0.0016 by the chi-square test, compared with 

autopsy controls). CD45 was not detected in either interstitial or 

endothelial cells, being expressed only in lymphocytes infiltrating  the 

electro-resected specimens. In bladder tumors resected by the 

primary TUR-Bt, CD90 was stained in vascular endothelial and 

interstitial cells, and possibly smooth muscle cells (Data not shown). 

 

The clinical courses after second TUR-Bt are listed in Table 1. Six 

patients underwent BCG bladder instillation as an adjuvant therapy. 

Intravesical tumor recurrence occurred in one case. One case has 

shown no tumor recurrence without additional therapy since second 

TUR-Bt and another has undergone total cystectomy without any 

remaining tumor in the cystectomy specimen. 
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Figure 3: Immunohistochemistry of a representative specimen of second TUR-Bt. Upper left: hematoxylin and eosin staining. Upper middle: Oct4 (Oct4B) staining with 

EPR2054 (a portion of positive cells is magnified at the corner). Upper right: Oct4A staining with sc-5279. Lower left: CD90 staining. Lower middle: CD73 staining. 

Lower right: CD45 staining. 400x in the original picture, and Bar=100 μm. Oct4B was expressed in the cytoplasm of interstitial cells. Oct4A was negative. CD90 and 

CD73 were expressed in the interstitial and vascular endothelial cells. CD45 was expressed in lymphocytes infiltrating tissue. 

 

Figure 4: Immunohistochemistry of a representative specimen of second TUR-Bt. Upper left: hematoxylin and eosin staining. Upper middle: Oct4 (Oct4B) staining with 

EPR2054. Upper right: Oct4A staining with sc-5279. Lower left: CD90 staining. Lower middle: CD73 staining. Lower right: CD45 staining. 400x in the original picture, 

and Bar=100 μm. Oct4B was expressed in the cytoplasm of interstitial cells. Oct4A was negative. CD90 and CD73 were expressed in the interstitial and vascular 

endothelial cells. CD45 was expressed in lymphocytes infiltrating tissue. 
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Discussion 

 

In the present study, Oct4-positive cells were observed in electro-

stimulated bladder tissue. However, it is important to identify which 

isoform of Oct4 is expressed and to take the function of expressed 

Oct4 into consideration. There are three splice variants of Oct4: 

Oct4A, Oct4B, and Oct4B1, caused by alternative splicing of Pou5f1 

mRNA. Oct4B mRNA produces three isoforms: Oct4B-164, Oct4B-

190, and Oct4B-265, by alternative translation[7]. Only Oct4A has 

been shown to be a definite marker of pluripotency and self-renewal 

of cells.  

 

In applying immunohistochemistry to specimens, an antibody against 

exon 1a of the Oct4 gene uniquely stains Oct4A protein, but not 

Oct4B and Oct4B1 isoforms because Oct4B and Oct4B1 mRNAs are 

missing exon 1a[8]. Additionally, Oct4A is generally located in the 

nucleus, while Oct4B and Oct4B1 are in the cytoplasm[9-11]. In our 

study, Oct4 protein expression was detected in the cytoplasm with 

EPR3132 antibody against exons 4-5, but not with that against exon 

1a (sc-5279). This indicates that Oct4B-positive cells appeared in the 

tissue following electro-resection of the bladder. EPR3112 will not 

detect Oct4B1, as the Oct4B1 protein is truncated due to the stop 

codon TGA located in exon 2b harbored as a cryptic exon[12]. 

 

The functions of Oct4B and Oct4B1 are basically unknown. Oct4B 

has been reported to be expressed in the cytoplasm of various tumor 

cells[13-15]. It increases with tumor proliferation and angiogenesis,  and 

protects tumors from apoptosis[16-18]. Oct4B1 was originally regarded 

as a putative marker of stemness[12, 19] and is expressed in human 

colorectal cancer[20]. Additionally, two isoforms of OCT4B, OCT4B-

190 and OCT4B-265, as well as Oct4B1 have been reported to be 

upregulated in response to various kinds of stress[7, 11, 21]. Electro-

resection of bladder tissue and the subsequent reactions in the present 

study may have caused the stress-triggered appearance/infiltration of 

Oct4B protein-expressing cells. 

 

CD90 and CD73, markers of MSCs, were enhanced in the tissue 

resected by the second TUR-Bt, while CD45 expression was limited 

to infiltrating lymphocytes. Then, electric stimulation administered to 

the bladder tissue in the primary TUR-Bt may have induced the 

recruitment and activation of MSCs that participate in the repair of 

bladder tissues. CD90 has been reported to be overexpressed in 

activated tumor endothelial cells compared with normal endothelial 

cells[22, 23]. Vascular endothelial cells in the regenerating tissue may 

be similar to tumor endothelial cells. 

 

Conclusion 

 

Electro-resection of bladder tissue induced the appearance of Oct4B 

protein-expressing interstitial cells as well as enhanced CD90 and 

CD73 expression in the vascular endothelial and interstitial cells. Not 

pluripotent stem cells, but the more downstream MSCs may be 

mainly involved in tissue repair of the bladder. 
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Patient Age 
Pathology of 1st 

TUR-BT 
Intervals Oct4B Oct4A CD90 CD73 CD45 Clinical course after 2nd TUR-BT 

1 72 UC, pT1≦, G2>G3 35 + - + + - 
No remaining tumor in Cx 

specimen, 

2 77 UC, pT1, G3 80 + - + + - 
No bladder recurrence for        

1,103 days 

3 65 UC, pT1≦, G3>G2 59 - - + + - 
BCG+, no bladder recurrence for 

1,069 days 

4 69 UC, pT1, G2>G3 73 - - + + - 
BCG+, no bladder recurrence for 

939 days 

5 63 UC, pT1≦, G2>G3 63 - - + + - 
BCG+, no bladder recurrence for 

838 days 

6 54 UC, pT1, G2 56 + - + + - 
BCG+, no bladder recurrence for 

659 days 

7 76 UC, pT1, G2>G3 56 - - + + - 
BCG+, no bladder recurrence for 

544 days 

8 81 UC, pT1, G2>G3 42 + - + + - 
BCG+, CIS after                         

600 days 

 

Patients were all males except # 2. UC: urothelial cancer. Intervals: intervals (days) between 1st and 2nd TUR-BTs. Oct4B: Oct4B protein expression in the 2nd TUR-BT specimens stained 

with EPR2054 antibody, but not with sc-5279 antibody; Oct4A: Oct4A protein expression in the 2nd TUR-BT specimens stained with sc-5279 antibody; CD90, CD73: CD90 and CD73 protein 

expressions in the 2nd TUR-BT specimens, CD45: CD45 protein expression except in infiltrating lymphocytes in the 2nd TUR-BT specimens, Cx: cystectomy; BCG: intravesical BCG (Bacille 

de Calmette et Guérin) instillation, CIS: carcinoma in situ. 
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