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independent prognostic marker and tumor suppressive protein in 
clear cell renal cell carcinoma 
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Abstract 
Introduction:  
Clear cell renal cell carcinoma (ccRCC) is the most common subtype of RCC, accounting for 
approximately 70% of all RCCs. Surgical tumor resection is the standard therapy for ccRCC 
because ccRCC exhibits resistance to radiotherapy and chemotherapy. Around 30% of 
patients suffer a recurrence or metastasis after surgery. Although several targeted agents 
and immune checkpoint inhibitors have been applied to patients with metastatic ccRCC, the 
overall survival of patients in the terminal stage of the disease is unsatisfactory. Therefore, 
to clarify the molecular mechanisms underlying ccRCC progression will greatly improve 
outcomes for patients with ccRCC. Microtubule-associated protein tau (MAPT) 
overexpression has been linked to poor prognosis in several cancers. MAPT-AS1 is a long 
non-coding RNA existing at the anti-sense strand of the MAPT promoter region. The clinical 
significance of MAPT and MAPT-AS-1 in ccRCC is unknown. This study aimed to assess the 
expression and function of MAPT and MAPT-AS1 in ccRCC. 
Methods:  
The expression of MAPT was determined using immunohistochemistry in ccRCC. The effects 
of MAPT knockdown on cell growth and invasion were evaluated and the interaction 
between MAPT and MAPT-AS1 were analyzed. The expression of MAPT-AS1 was 
determined using qRT-PCR in ccRCC tissues. We investigated the effect of MAPT-AS1 
knockdown on cell growth and invasion. We further analyzed the role of p53 on the 
regulation of MAPT and MAPT-AS1.  
Results:  
We performed immunohistochemistry to analyze the expression of MAPT in 135 ccRCC 
tissue samples. Weak or no staining of MAPT was observed in the non-neoplastic kidney, 
whereas stronger and more extensive staining was observed in ccRCC tissue. Staining of 
MAPT was mainly detected in the cell membrane and cytoplasm of ccRCC tissue. In total, 83 
(61%) of the 135 ccRCC cases were positive for MAPT. The positive case of MAPT was 
associated with low nuclear grade and low T and M0 status. A Kaplan-Meier analysis 
revealed that MAPT positive cases were associated with favorable overall survival (p <0.001) 
which was consistent with the results from TCGA database. Furthermore, we performed 
univariate and multivariate Cox proportional hazard analyses to evaluate the potential use 
of MAPT expression as a prognostic factor. In these multivariate models, high MAPT 
expression was independently associated with favorable overall survival (hazard ratio 0.51; 
p = 0.043). To determine the functional significance of MAPT in ccRCC, we used siRNA 
targeting MAPT. Western blotting showed that the expression of MAPT was higher in 786-O 
than in Caki-1 cells. We confirmed the efficiency of MAPT knockdowns by western blotting 
and qRT-PCR in 786-O cells. Knockdown of MAPT enhanced cell growth and invasion in 
786-O cells. Some reports demonstrated that the expression of a sense gene is regulated by 
forming RNA duplex between an antisense gene and a sense gene. Therefore, we examined 
the interaction between MAPT and MAPT-AS1 in ccRCC. We analyzed the expression of 
MAPT and MAPT-AS1 in 41 ccRCC tissues by qRT-PCR. There was a significantly positive 
correlation between MAPT and MAPT-AS1 in ccRCC (p <0.001, R = 0.69), which was 
consistent with the findings from the TCGA-KIRC database (p <0.001, R = 0.81). To verify 
this interaction, we analyzed the effect of MAPT-AS1 knockdown on the expression of MAPT. 
Western blotting showed that knockdown of MAPT-AS1 suppressed the expression of MAPT 
in 786-O cells. What is more, qRT-PCR showed that knockdown of MAPT suppressed the 
expression of MAPT-AS1 in 786-O cells. These results suggest that there was a reciprocal 
regulation between MAPT and MAPT-AS1. To investigate whether MAPT-AS1 and MAPT 
may form RNA duplex, we performed qRT-PCR assays using RNA polymerase inhibitor: 
α-amanitin. qRT-PCR revealed that knockdown of MAPT-AS1 decreased the stability of 
MAPT mRNA, indicating that MAPT-AS1 and MAPT might form RNA duplex. To 
determine the clinical significance of MAPT-AS1 in ccRCC, we studied the expression of 
MAPT-AS1 in 41 ccRCC tissues and their corresponding normal kidney tissues by qRT-PCR. 
The expression of MAPT-AS1 was higher in ccRCC tissue than in their corresponding normal 



kidney tissues (p <0.001). MAPT-AS1 expression was increased in T2 stage and M0 status 
compared to in T3 stage and M1 status. Kaplan-Meier analysis showed that the high 
expression of MAPT-AS1 was associated with favorable overall survival after nephrectomy in 
TCGA database. To determine the functional significance of MAPT-AS1 in ccRCC, we used 
siRNA targeting MAPT-AS1. Knockdown of MAPT-AS1 promoted cell growth and invasion 
activity. To analyze the regulation of MAPT and MAPT-AS1 in ccRCC, we focused on p53. We 
generated p53 knockout cells using a CRISPR-P53 vector. Western blotting showed that p53 
expression was not detected in 786-O cells transfected with a CRISPR-P53 vector. Western 
blotting demonstrated that p53 knockout suppressed the expression of MAPT. qRT-PCR 
revealed that p53 knockout decreased the expression of MAPT-AS1. These results indicate 
that p53 may regulate the expression of MAPT and MAPT-AS1 in ccRCC. 
Conclusion:  
Our study revealed that high expression of MAPT and MAPT-AS1 was associated with 
favorable prognosis in ccRCC. We also found a positive correlation between MAPT and 
MAPT-AS1. Knockdown of MAPT and MAPT-AS1 enhanced cell growth and invasion in 
786-O cells. p53 may regulate the expression of MAPT and MAPT-AS1 in ccRCC. MAPT and 
MAPT-AS1 may play tumor-suppressive roles and serve as promising potential biomarkers 
of prognosis after nephrectomy in ccRCC.  
 

 

 



(ccRCC) (RCC) 70 80%

30% RCC

ccRCC

MAPT(microtubule-associated protein tau)

MAPT-AS1 MAPT

long non coding RNA ccRCC

ccRCC MAPT MAPT-AS1

ccRCC MAPT

MAPT siRNA RCC

qRT-PCR MAPT-AS1

MAPT MAPT-AS1 In silico MAPT

MAPT-AS1 MAPT-AS1 siRNA

RCC p53

p53 MAPT MAPT-AS1

135 MAPT MAPT

MAPT 83 (61%)

T stage

Kaplan-meier MAPT

(p<0.001) MAPT

(p=0.043) MAPT RCC 786—O siRNA

MAPT ccRCC MAPT

MAPT-AS1 MAPT MAPT-AS1

(p<0.001 R=0.69) public database(TCGA KIRC)

786-O MAPT-AS1

MAPT-AS1 MAPT -amanitin

RNA duplex MAPT MAPT-AS1 RNA duplex

MAPT-AS1

T stage MAPT-AS1

TCGA KIRC MAPT-AS1 (p<0.001)

MAPT-AS1 786-O siRNA MAPT-AS1



MAPT p53

CRISPR-Cas9 p53 RCC MAPT

MAPT-AS1 MAPT MAPT-AS1 p53

ccRCC MAPT MAPT-AS1

MAPT MAPT-AS1

MAPT MAPT-AS1

p53 RNA duplex

ccRCC

MAPT MAPT-AS1


