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Abstract  

Background: OTUB1 is a new member of  ovarian-tumor-domain-containing proteases (OTUs), a deubiquitinating 

enzymes family (DUBs), which is a cysteine proteasome-associated DUB to be involved in the Ub-dependent 

degradation of proteins. Therefore the expression of OTUB1 in colon cancer was examined and compared with 

precancerous lesion and normal colonic mucosa. 

 

Material/Methods: Tissue samples were obtained from 60 patients, and we took a piece of tissue from three different 

parts of the same patient, colon cancer, precancerous lesion and normal mucosa, respectively. Immunohistochemistry 

were carried out in colon cancer, precancerous lesion and normal mucosa. 

 

Results: Precancerous lesions and colon cancer tissues showed strong expression of OTUB1 in the cell cytoplasm. 

The expression of OTUB1 protein in the colon cancer was significantly higher than precancerous lesion and normal 

mucosa (P<0.05). Moreover, its expression in normal mucosa, precancerous lesion and colon cancer showed a 

gradually ascendant trend (P< 0.05). 

 

Conclusion: The protein level of OTUB1 makes a greater contribution to colon cancer development. 
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Introduction 

It is generally accepted that approximately 95% of 

colorectal cancer arise from adenomatous polyps, 

which are monoclonal derivatives of a mutated 

epithelial stem cell [1]. Colorectal cancer is one of the 

commonest malignant tumors, which is the third most 

commonly diagnosed cancer in males and the second 

in females, with an estimated 1.4 million cases and 

693,900 deaths occurring in 2012 [2], and what is 

more, the disease-specific mortality rate is nearly 33% 

even in the developed countries [3], In the past 30 

years, many countries, including China, colon cancer 

incidence showed an increasing trend[4]. For the 

treatment of colon cancer is still based on surgery, 

radiotherapy and chemotherapy supplemented 

treatments, such as much as possible to kill tumor 

cells, to reduce the number of tumor cells to achieve 

the therapeutic effect. However, colon cancer 

recurrence of postoperative 5-year is remain with low 

survival rate, high transfer rate and resistance to high 

[3] . Therefore, exploring the pathogenesis of colon 

cancer, has an important significance in the 

prevention, earlier diagnosis and target therapy of 

colon cancer. 

 

One family of the most recently recognized 

deubiquitinating enzymes (DUBs) were the ovarian-

tumor-domain-containing proteases (OTUs), which 

were of considerable interest to us due to its conserved 

sequences in viruses, bacteria, plants, yeast and 

humans, and they were involved in immunity and 

inflammation[5]. OTU domain-containing ubiquitin 

aldehyde-binding protein 1 (OTUB1), one member of 

OTUs, is ubiquitously expressed in human tissues (e.g. 

kidney, intestine, brain, liver, and lung) [6,7]. During 

the proteolysis by proteasome, the removal of the 

ubiquitin chain from the substrate by proteasome-

associated DUBs such as OTUB1 is a key to allow the 
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passage of the unfolded polypeptide through a narrow 

constriction into the proteolytic chamber of the 

proteasome core particle, where proteolysis ensues 

[8,9]. 

 

Sun et al. found that OTUB1 could induce the p53-

dependent cellular apoptosis and inhibit proliferation 

by regulating the ubiquitination of p53[10]. Herhaus et 

al. found that Otub1 enhanced TGF-mediated gene 

transcription, through bonding with phosphorylation 

of SMAD2/3 and rescuing phospho-SMAD2/3 from 

proteasomal degradation[11]. Therefore, the effect of 

OTUB1 on the biological behavior of tumor cells need 

to be further analyzed. In this study, we carried out 

immunohistochemistry to investigate the expression 

of OTUB1 in normal colonic mucosa, dysplasia 

lesions and colon cancer to evaluate the OTUB1 

expression. 

 

Materials and methods 

Tissue samples 

All tissues used in this study were obtained from 60 

patients with surgically treated for colon cancer in 

Qingdao Municipal Hospital from May 2010 to April 

2015. At the time of surgery, all patients were not 

subjected to chemotherapy and radiotherapy. We 

collected normal mucosa tissues (5 cm away from the 

tumor edge), precancerous lesion 

and  carcinomas of the colon from the same patient. 

Sixty precancerous lesion samples were classified as 

27 adenoma (independent existence near the colon 

cancer ) and 33 adenomatous hyperplasia (in the edge 

of colon cancer). The institutional review board 

approved this study. All samples were formalin-fixed 

and paraffin-embedded (FFPE) and underwent 

immunohistochemistry staining. 

 

Reagents and antibodies 

Rabbit anti-OTUB1 polyclonal antibody (Cat No. 

ab103995) was purchased from Abcam (Hong Kong, 

China). Polymer enhancer (Reagent A), polymerized 

horseradish peroxidase-anti-mouse/rabbit IgG 

(ReagentB), citrate buffer (pH=6.0), 

diaminobenzidine (DAB), phosphate buffer saline 

(PBS) were purchased from Maixin (Fuzhou, China). 

Immunohistochemistry  

Immunohistochemistry staining was carried out 

following the manufacturer’s protocols. Paraffin 

sections (4 μm thick)  were deparaffined in two 

changes of xylene for 5 minutes each and then 

hydrated in decreasing concentrations of ethanol (100, 

95, 95, and 75%) and rinsed in water. After that, all 

sections were incubated with 3% hydrogen peroxide 

for 15 min to block endogenous peroxidase activity at 

first. Antigen retrieval was routinely performed by 

incubation in sodium citrate buffer (pH 6.0) and heated 

in high pressure method for 3 minutes. The primary 

antibody (1:3200) were incubated for 90min at room 

temperature. After rinsing, sections was performed 

with Reagent A and Reagent B subsequently for 

15min. Diaminobenzidine (DAB) was used as the 

chromogen substrate. The sections were then 

counterstained with hematoxylin. Primary antibody is 

replaced with PBS as a negative control group. The 

human brain tissue was used as positive control 

according to the manufacture’s instructions. Using a 

light microscope to analyze immunostaining of 

OTUB1 and taking digital pictures from random areas 

of slides.  

 

The following criteria were considered to evaluate the 

immunoreactivity score (IRS): (a) staining intensity: 

no immunoreactivity was scored as 0, weak 

immunostaining was 1, moderate immunostaining was 

2, and strong immunostaining was 3; (b) percentage of 

positive tumor cells: 0–5% was 0, 6–25% was 1, 26–

75% was 2, and 75–100% was 3. IRS was calculated 

by the multiply of the above two values. The final 

score of 0–3 was categorized as low expression, and 

4–9 was categorized as high expression. 

 

Statistical Analysis 

The Chi-square test was applied to compare the 

differences in each group regarding OTUB1 

expression. The level of statistical significance was 

defined as p<0.05. Statistical analysis were conducted 

using SPSS 17.0 statistical software (SPSS, Chicago, 

IL, USA)  

 

 

Results 

Table1:OTUB1 expression in normal mucosa, adenoma polyp and adenomatous hyperplasia 

  OTUB1  

 n Low expression n(%) High expression n(%) P-value 

Normal mucosa 60   49(81.67)  11(18.33)  

Adenoma polyp 27   12(44.44)  15(55.56) ﹤0.05 *  

Adenomatous hyperplasia 33   16(48.48)  17(51.52) ﹤0.05* ﹥0.05 ** 

p – determined by the Chi-square test; *– in relation to the normal mucosa；* *– in relation to adenoma polyp 
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Table2:OTUB1 expression in normal mucosa, precancerous lesion and adenomatous colon cancer. 

    OTUB1  

 n Low expression n(%) High expression n(%)    P-value 

Normal mucosa 60   49(81.67)  11(18.33)  

Precancerous lesion 60   28(46.67)  32(53.33)    ﹤0.05 

Colon cancer 60   17(28.33)  43(71.67)  

p – determined by the Chi-square test 

 

 

 

 
Fig. 1. Immunostaining of OTUB1 in normal mucosa ,adenoma polyp and colon cancer.(A) normal colon mucosa was 

negative for OTUB1;(B) Moderate staining reaction in normal mucosa; (C) Strong immunoreactivity in adenoma 

polyp;(D) ) Colon cancer was positive for OTUB1.   

 

OTUB1 Expression Showed Low Protein Level in 

Normal Mucosa. 

The positive anti-OTUB1 immunostaining was found 

mainly in the cytoplasm. Low OTUB1 expression (49 

cases) was observed in normal colon mucosa, only 11 

cases showed high OTUB1 expression (Table 1). 

There was no immunostaining in majority of the 

normal mucosa (Figure 1A), and even in samples of 

these with high OTUB1 expression, the staining 

intensity was moderate ( Figure 1B). 

 

 

The Immunoreactivity of Adenoma was Closed to 

Adenomatous Hyperplasia. 

High expression of OTUB1 in adenoma and dysplasia 

lesions were 55.56% and 51.52%, respectively (Table 

1). And the expression of OTUB1 in adenoma and 

precancerous lesion was not significantly different 

(P>0.05). We infered that the high level of OTUB1 

expression in adenoma was closed to adenomatous 

hyperplasia. Therefore, we calculated the OTUB1 

expression level in 27 adenoma and 33 adenomatous 

hyperplasia together . Approximately 53.33% of 

precancerous lesion showed strong OTUB1 

B A 

D C 
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immunoreactivity (Figure 1C). About 46.67% of 

precancerous lesion expressed low protein levels. The 

results of the chi-squared test (P<0.05) showed a 

significant difference between precancerous lesion 

and normal mucosa. 

 

Colon Cancer Had High OTUB1 Expression. 

Approximately 71.67% of colon cancerous tissues 

were strongly positive for OTUB1-antibody (Figure 

1D). The stroma of colon tissues were totally 

unreactive. Statistically significant difference was 

found between colon cancer and normal mucosa. 

Furthermore, there were significant differences in 

colon cancer that compared with precancerous lesion. 

Moreover, the results of the chi-squared test 

showed an increasing trend in normal mucosa, 

adenoma, carcinoma of the colon (P<0.05). The 

results of anti-OTUB1 immunostaining of normal 

mucosa, precancerous lesion and colon cancer are 

presented in table 2. 

 

Discussion 

The OTU Characterized by the presence of ovarian 

tumor domaincontaining sequences acts as general 

deubiquitinases. OTU1 and OTU2 were first 

confirmed to have deubiquitinase activity in vitro. 

otub1 gene is located at chromosomal position 

11q13.1, which has an OTU domain of 130 amino 

acids, and is ubiquitously expressed in human tissues 

[12]. In this study, OTUB1 immunoreactivity 

appeared in the cytoplasm immediately away from the 

tumor, but its intensity was weak and only locally 

moderate. It was evidently decreased compared with 

colon cancer. In contrast, high OTUB1 deposition was 

found in both cases of adenoma and 

carcinoma of the colon. 

 

The Ubiquitin-proteasome pathway is play an 

important role in regulating intracellular protein 

metabolism, involving cell cycle, signal transduction, 

DNA repair, receptor function, development, 

differentiation, inflammatory reaction and many other 

aspects[13]. OTUs are part of the DUBs family, which 

play important roles in mediating the processes of 

proteins ubiquitination and degradation[14]. DUBs 

can hydrolyze isopeptide bonds between ubiquitin and 

folded proteins, remove the ubiquitin or poly 

ubiquitins from target proteins, and interfere the 

degradation of substrates in the Ub-dependent 

pathway[15]. 

 

OTUB1 has emerged as a unique DUB that has many 

ways to influence Ubiquitin-proteasome pathway. 

Recently studies in primate species, including the 

human, suggest that OTUB1 regulations closely 

associated with EGFR and EGF-like molecules via 

paracrine signaling[16,17]. Zhong et al. found that 

OTUB1 acts as a deubiquitination via activation of the 

β-catenin / TCF deubiquitinating activity[18]. 

Recently, OTUB1 reg ulates p53 through non-

canonical suppression of the ubiquitin-conjugating 

enzyme (E2) activity of UbcH5 (also called UbE2D), 

leading to the inhibition of MDM2- mediated p53 

ubiquitination[19]. In this sense, OTUB1 may 

promote colon cancer proliferation and metastasis 

through this signal pathway. OTUB1 overexpression 

was 18.33%, 53.33%, and 71.67% in normal mucosa, 

adenoma and colon cancer tissues, respectively. we 

obtained that the level of OTUB1 expression in 

carcinoma of the colon was higher than other colon 

tissues. 

 

In conclusion, the present study demonstrated that an 

increasing trend in normal mucosa- precancerous 

lesion tissues - carcinoma of the colon. The result 

indicated OTUB1 may be responsible for the 

development of colon cancer. However, the 

mechanisms through which OTUB1 works are still 

unknown. Therefore, further investigation is necessary 

for better understanding the detail mechanisms, which 

can provide new strategy and new target for colon 

cancer treatment. 
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