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Background: The most prevalent malignancy affect the urinary system is bladder cancer 

which exhibits a markedly high recurrence rate. The level of urinary microRNA-146a 

(miR-146a) was significantly higher in superficial bladder cancer patients, and were 

decreased to normal range after transurethral resection of the bladder tumor (TUR-BT). 

Its level was increased again if there is recurrence of the superficial bladder tumor 

diagnosed by follow up cystoscopy. miR-146 may be a clinically important marker for 

diagnosis and recurrence of  superficial bladder cancer and is used instead of follow up 

operations as follow up cystoscopy for follow up of recurrence . Objective: our work 

aims to detect a simple, reliable and noninvasive diagnostic and surveillance methods 

for follow up of superficial bladder cancer. Methodology:  The level of miR-146a in 

urine of 30 superficial bladder cancer patients was evaluated by quantitative reverse 

transcription polymerase chain reaction assay using voided urine samples before, after 

TUR-BT and after 3, 6,9,12 months of resection and compared with the result of follow 

up cystoscopy. Results: miR-146a was significantly increased in urine samples from 

patients with superficial cancer bladder than in those from the normal individuals (P 

<.000). Elevated urinary miR-146a  levels in patients with bladder cancer were lowered 

to the normal level after TUR-BT and increased again in those who have  tumor 

recurrence  and remain in a normal level in those who have no recurrence after follow 

up for 3 ,6, 9,12 months  after surgery(P=. 007, P=.000 respectively).Conclusion: Our 

study concluded that urinary miR-146a may be useful as a novel noninvasive diagnostic 

and follow up marker, anticancer agent or therapeutic target for superficial cancer 

bladder, also for increasing our knowledge of cancer biology. 

 

 

INTRODUCTION 
 

Bladder cancer is the commonest malignancy 

affecting the urinary system
1,2

. As a result of its high 

recurrence rate
3,4

 effective surveillance and diagnostic 

methods are required. Cystoscopy is the standard 

method for diagnosis of cancer bladder 
5,6

; however, it 

involves an uncomfortable and painful procedure. 

Although cytology of urine was used for diagnosing 

bladder cancer and was very specific, its sensitivity is 

still low 
7,8

. Therefore, another noninvasive method that 

has high sensitivity and specificity are required. For 

these reasons, various biomarkers for detecting bladder 

tumors, including UroVysion and NMP-22, BTA, have 

been developed 
9-12

, although no urinary biomarkers 

exhibit sufficient specificity and sensitivity to allow 

them to replace urine cytology and cystoscopy. 

The percentage of superficial type of bladder tumors 

have been reported to be approximately 75%.For such 

superficial (none muscle invasive) disease, intravesical 

instillation of chemotherapeutic agents has been already 

used as a treatment after transurethral resection of 

bladder tumor (TUR-BT) 
3,4

. 

MiRNAs are single-stranded RNA molecules of 19-

25 nucleotides in length which mediate post-

transcriptional gene silencing of target genes and are 

expressed in a variety of cells. MiRNAs were initially 

discovered in C.elegans in 1993 as silencers of genes 

that regulate developmental timing 
13

. Subsequently, 

miRNAs play important roles in regulating a variety of 

biological processes, such as development, proliferation, 

apoptosis, and carcinogenesis
14-16

. 

MiRNAs directly suppress gene expression through 

base pairing to the 3′ untranslated region (UTR) of 

target mRNA. A single miRNA can target high number 

of genes, and any gene can be regulated by multiple 

miRNAs. MiRNAs can do also effects on gene 

expression by either affecting epigenetic mechanisms, 

as acetylation of histone, or targeting transcription 

factors or DNA methylation
17

. Numbers of miRNAs 

have been known recently as candidate diagnostic and 
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prognostic markers for various types of malignancies, 

including bladder cancer as miRNA-146a 
18

. 

Recently, the miRNA level could be detected in 

body fluids and serum .In urine; miRNA could be 

measured in both the urinary supernatant and the 

sediment after centrifugation
19

.  

 

The aim of the work 

The aim of this study was to measure the level of 

miR-146a in urine of patients with superficial bladder 

cancer and after TUR-BT then after 3,6 ,9 12  months 

for follow up of recurrence and comparing it with the 

results of follow up cystoscopy. 

 
METHODOLOGY 

 
This case-control study was conducted on 50 

individuals, (30 superficial cancer bladder patients and 

20 healthy control subjects) attending the Urology 

Department, Benha University Hospital in the period 

between March 2018 and December 2019. The study 

was approved by the Clinical Research Ethical 

Committee of Benha University Hospital. 

All the patients provided informed consent. Subjects 

were divided into 2 groups:  

Group 1: 30 patients with superficial bladder cancer (10 

females and 20 males, their age ranges were from 50-65 

years). 

Group 2: 20 apparently healthy individuals as a control 

group (5 females and 15 males, their age ranges from 

(45-67).  

Inclusion criteria for group I: 

- Superficial cancer bladder patients newly 

diagnosed and not receiving any treatment 

Exclusion criteria for group I: 

- Patients receiving chemotherapy or radiotherapy. 

- Patients known to have systemic inflammatory 

diseases. 

- Patients with UTI and other inflammatory diseases 

which increase urinary miR- 146a. 

All subjects were subjected to the followings: 

- History taking and clinical examination. 

- Ct scan on urinary system 

- Cystoscope and biopsy to diagnose the tumor and 

its grade 

- Quantification of miR-146a in urine samples by 

quantitative reverse transcription polymerase chain 

reaction (qRT-PCR) analysis: 

Patients with untreated newly diagnosed by biopsy 

as superficial bladder cancer were involved in the 

study (Study group). Early-morning urine sample 

was collected from normal patients (Control group) 

and from the patients before transurethral resection 

of bladder tumor (TUR-BT) and additional urine 

specimens were also collected at (3, 6, 9,12) 

months  after surgery (TUR-BT) and  follow up 

cystoscopy  was done at the same time.  

Sample Preparation: 
Urine samples were centrifuged at 3000g for 30 

minutes and at 13,000 g for 5 minutes at 4°C. The 

urinary cell pellets were lysed by RNAlysis buffer 

(Qiagen, Germany). All the specimens were then stored 

at –80°C until use. 

Measurement of miR-146a Level: 

RNA was extracted by use of miRN easy Mini Kit 

(QIAGEN, Germany) from urinary sediment according 

to the protocol of manufacturer. For each subject, 400 

µL of urine supernatant was used for miRNA extraction. 

cDNA was synthesized from miRNA by using miScript 

II RT Kit (QIAGEN, Germany) in accordance with the 

manufacturer’s instructions. Quantitative real time PCR 

was done following the SYBR Green PCR protocol by 

use of QuantiTect SYBR Green PCR Kit (QIAGEN, 

Germany) with the Step One real-time PCR. Each 

reaction mix contained 2x QuantiTect SYBR Green 

PCR Master Mix, 10x miScript Primer Assay specific 

for miR-146a. Template cDNA, RNase- free water in a 

total volume of 25 µl. The real time PCR instrument 

Rotor-Gene Q (QIAGEN, Germany) was used with the 

following cycling conditions: enzyme activation at 95
 

O
C for 15 min, followed by 45 cycles of denaturation at 

94
 O

C for 15 s., and extension at 70
 O

C for 30 s. The 

primer sequences of miR-146a and GAPDH which was 

used as an internal reference are presented in Table 1. 

Relative quantification was performed according to the 

ΔΔCT method, and results were expressed in the linear 

form by using the formula 2
-ΔΔCT 

and expressed as 

relative units (RU) using Step One software (Applied 

Bio systems, USA) 
20

. 

 

 

Table 1: primers used in PCR steps 

Primer name Sequence 

miR-146a  1. Forward 5'-TGAGAACTGAATTCCATGGGTT-3' 

2. Reverse 5'-CTGAAGAACTGAATTTCAGAGG-3' 

GAPDH - Forward: 5’GAAATCCCATCACCATCTTCCAGG-3’ 

- Reverse: 5’GAGCCCCAGCCTTCTCCATG- 3’ 
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Statistical analysis 

The data were presented as means ±SD. Student’s t 

test was used for comparisons between cases and 

control groups. One-way ANOVA (F-test) was used to 

determine the significance of the differences in miRNA 

levels between groups and within the same group (pre-

operative, post-operative and follow up later). A p-value 

of < .05 was considered statistically significant &p 

<.01was considered highly significant. Receiver 

operating characteristic (ROC) curve was calculated to 

determine the role of miR-146a to discriminate between 

cancer bladder and normal individuals. Statistical 

analyses were performed by the Statistical Package for 

Social Science (SPSS) version 22 

 

 

 

 

RESULTS 
 

Bladder Cancer Patients have Increased Urinary 

miR-146a Levels: 

The levels of miR-146a in urine samples from 30 

superficial bladder cancer patients and 20 normal 

individuals were analyzed using qRT-PCR. 

Characteristics of the superficial bladder cancer patients 

are summarized in table 2. 

Between superficial bladder cancer patients and 

normal individuals, the mean ages (57.96±5.4 and 

56.15±6.4) and sex ratio (male/female, 20/10 and 15/5) 

were not statistically significant (P>0.05). Urinary miR-

146a levels were significantly increased more in bladder 

cancer patients than in normal individuals (P<.000) 

(Table 2) 

Table 2: Age, sex and level of Pre-operativemiR-146 a of the studied groups 

Variables Control(n=20) 

 

Cases(n=30) Test of significance P value 

Age 

Minimum 

Maximum 

Mean ±SD 

 

45 

66 

56.15±6.4 

 

50 

69 

57.96±5.4 

 

t-test =1.08 

 

>0.05 

(.284) 

Sex 

Male 

Female 

 

15(75%) 

5(25%) 

 

20(66.7%) 

10(33.3%) 

 

Chi
2
 test=.397 

 

>.05 

Odds ratio 

(Male/Female=1.5) 

Pre-operative 

MicroRNA level  

Minimum 

Maximum 

Mean ±SD 

 

 

.01 

3.9 

1.52±1.09 

 

 

1.3 

6.8 

3.48±1.62 

 

 

t-test =4.73 

 

 

<.000** 

 

 

 

Urinary Level of miR-146a was decreased After 

TUR. Postoperative voided urine was collected from 30 

patients after TUR and after 3.6.9.12 months for follow 

up of recurrence. We divided the 30 patients into 2 

groups diagnosed by follow up cystoscopy, the miR-

146a positive group who had tumor recurrence (urinary 

miR-146a level of 3.91±1.4) and the miR-146a negative 

group who had no recurrence (urinary miR-146a level 

of1.0± .6). The urinary miR-146a levels of miR-146a 

positive group fell significantly after TUR and 

significantly increased again after recurrence (P=. 007) 

.Whereas those of the negative group miR-146a level 

were not changed after TUR and after follow up 

cystoscopy indicating no recurrence of the tumor. 

(P=.000) (Table 3, fig. 2) 

These results indicated that the urinary miR-146a 

levels of the patients that have elevated miR-146a levels 

before TUR declined to the normal range after TUR. 

Then increased again in positive group but remain low 

in negative group. 

 

 

Table 3: Mean Urinary Level of miR-146a  Before , After and follow up after TUR-BT 

Groups diagnosed 

by cystoscopy 

Micro RNA level(Mean ±SD) 
F-test P value 

Before TUR-BT After TUR-BT Follow up  after TUR-BT 

Positive(8) 3.96 ±1.8 .95±.8 3.91 ± 1.4 12.4 . 007** 

Negative(22) 3.31±1.5 .96±.7 1.0 ± .6 57.4 .000** 
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Fig 1: Comparison between patients of cancer bladder regarding level of miR-146a (positive group) 

 

 
 

Fig 2: Comparison between patients of cancer bladder regarding level of miR-146a (negative group) 

 

 

ROC curve analysis shows that urinary levels of 

miR-146a have an area under the ROC curve value of 

0.773 in distinguishing superficial cancer bladder 

patients from normal individuals (table 4, fig.3). At the 

cutoff value of 1.5, the sensitivity was100% and the 

specificity 77.3%. Therefore, a subsequent analysis was 

performed on miR-146a. 

 

 
Table 4: ROC curve for specificity and sensitivity of 

miR-146a 

ROC miR-146a 

AUC .986 

P value < 0.000** 

CI 95% Lower 0.953 

CI 95% Upper 1.00 

Cut off point (equal or more than) 1.5 

Sensitivity 100% 

Specificity 77.3% 

 

 

 
Fig 3: ROC curve for specificity and sensitivity of miR-

146a as a diagnostic marker for recurrence of superficial 

ladder cancer 
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DISCUSSION 

 
In the present study,miR-146a urinary level was 

significantly increased in superficial bladder cancer 

patients. To our understanding, this is the first evidence 

on urinary miR-146a as a new marker for detecting the 

presence of superficial bladder cancer.miR-146a has 

been reported to be aberrantly expressed in many types 

of cancer, such as prostate, thyroid, and gastric cancer
 21-

24
 and increased miR-146a expression was shown to 

inhibit cell proliferation, migration, and invasion
22,23

 in 

in-vitro experimental models. In patients with cancer 

prostate, metastatic lesions have lower miR-146a 

expression levels than primary lesions, and patients with 

Gleason scores of >7 displayed significantly higher 

miR-146a expression levels than those with Gleason 

scores of 8.Moreover, patients after radical 

prostatectomy with miR-146alow level in plasma 

showed a low rate of recurrence
 22

 and low miR-146a 

expression levels were known to be a high risk factor 

for blood invasion in patients with gastric cancer 
24

. 

Accordingly, miR-146a is generally considered to act as 

a tumor suppressor in many different types of cancer
22-

24
. In patients with cancer bladder, a genetic variation of 

miR-146a was found to be linked with cancer bladder 

risk and recurrence
 25,26

.  

In bladder cancer patients with the C allele, the level 

of miR-146a was higher than in those with the G allele, 

and C allele was associated with a lowered risk of 

cancer bladder and decrease the risk of recurrence. 

These results suggest that miR-146a also acts as a 

suppressor of the tumor in patients with cancer 

bladder
25

.  

In this study, the superficial bladder cancer patients 

have increased urinary miR-146a levels, as reported by 

Sasaki et al.
27

 that urinary miR-146a level was found to 

be linked with tumor histopathology status. This 

suggests that miR-146a could be high in response to 

some morbid conditions associated with cancer bladder 

and play a suppressor role in the progression of the 

tumor. It is interesting that a miRNA which suppress the 

tumor as miR-146a, was increased in cancer bladder 

patients because many tumor-suppressive miRNAs are 

known to be decreased in various tumor cells
28,29

. 

However, many other researches are needed to 

document this issue. In our work urinary miR-146a 

levels were significantly increased in superficial cancer 

bladder patients than normal individuals. Twenty one of 

30 cancer bladder patients had increased levels of 

urinary miR-146a. In the remaining 9 with miR-146a 

negative expression levels, urine samples might have 

been collected during the period in which the tumor 

cells did not have the reactive increase in miR-146a.  

The result that not all patients with cancer bladder 

displayed increased miR-146a in urine, might reflect 

differences in each allelic variants of miR-146a
 25,26,30

. 

In the future, we have to study the relation between 

miR-146a expression and cancer progression and 

prognosis. 

In the miR-146a positive group, the patients that 

showed elevated urinary miR-146a lowered to normal 

level after the TUR, and increased again if there is 

recurrence indicating that miR-146a is secreted from 

bladder cancer. This is consistent, that miR-146a  was 

known  as a differentially expressed miRNA during 

comparisons between normal ureteral epithelial tissue 

and human cancer bladder cell lines as reported by 

Sasaki et al.
27

 . 

Other studies have extracted miRNA that approved 

to be valuable biomarkers of bladder cancer from 

urinary supernatants 
31-33

.Thus, we thought we might 

use whole urine samples for our analysis.  

miR-146a was reported to act as an important 

regulator of inflammation
34,35

 suggesting that the 

elevated miR-146a levels observed in our study might 

have been due to the presence of UTI. Therefore, we 

excluded the patients with UTI and routine urinary 

testing should be performed prior to sample collection. 

Although our results were made on a small number 

of subjects, our findings suggest that the miR-146a 

present in urine is secreted from bladder tumor and is 

possibly involved in biological changes of the bladder 

tumor. It was noting that themiR-146a urinary levels in 

all the normal individuals were under the convincing 

cutoff value obtained from ROC curve analysis. This 

indicates that miR-146a level in urine is a possible 

marker for diagnosis of superficial bladder tumor and 

for follow up of its recurrence .Because no detailed 

functional analyses of this molecule have been 

performed till now, further in vitro and in-vivo 

functional analyses of miR-146a  are recommended. 

Assessing the biological function of miR-146a might 

lead to the development of novel treatment options for 

superficial cancer bladder. Moreover, follow-up studies 

on a higher number of the cancer bladder patients 

should be made for understanding the relationship 

between miR-146a levels in urine in cancer bladder 

patients and their recurrence progression, and mortality. 

 

CONCLUSION 
 

This study suggested that urinary miR-146a might 

be useful as a new noninvasive, cheep diagnostic 

marker for follow up of recurrence, therapeutic target, 

or anticancer agent for superficial bladder cancer, as 

well as for increasing our knowledge of cancer biology. 

 

Acknowledgments 

To all members of Clinical Microbiology and 

Immunology Department who help me to complete the 

practical part of this research and to Urology department 

who provide the urine samples and follow up the 

patients. 

 



Shahat and Omar / Urinary miR-146a and superficial bladder cancer, Volume 29 / No. 3 / July 2020   145-151 

 

 

Egyptian Journal of Medical Microbiology 

www.ejmm-eg.com     info@ejmm-eg.com 
150 

Conflicts of interest: 
The authors declare that they have no financial or non 

financial conflicts of interest related to the work done in 

the manuscript.   

 Each author listed in the manuscript had seen and 

approved the submission of this version of the 

manuscript and takes full responsibility for it.  

 This article had not been published anywhere and is 

not currently under consideration by another 

journal or a publisher. 

 

REFERENCES 

 
1. Ploeg M, Aben KK, Kiemeney LA. The present and 

future burden of urinary bladder cancer in the 

world. World J Urol .2009; 27:289-93. 

2. Siegel RL, Miller KD, Jemal A. Cancer statistics. 

CA Cancer J Clin .2015; 65:5-29. 

3. Kaufman DS, Shipley WU, Feldman AS.Bladder 

cancer.Lancet 2009; 374:239-49. 

4. Patel SG, Cohen A, Weiner AB. Intravesical 

therapy for bladder cancer. Expert Opin 

Pharmacother . 2015; 16:889-901. 

5. Stanescu F, Geavlete B, Georgescu D, Jecu M, 

Moldoveanu C, Adou L. et al., NBIe plasma 

vaporization hybrid approach in bladder cancer 

endoscopic management.J Med Life . 2014; 7:155-

9. 

6. Oude Elferink P, Witjes JA. Blue-light cystoscopy 

in the evaluation of non-muscle-invasive bladder 

cancer. Ther Adv Urol .2014; 6:25-33. 

7. Meredith F, Campbell PCW, Alan B .Campbell’s 

Urology. 9th ed., vol. 3.Philadelphia, USA: 

Saunders/Elsevier; 2007:2464. 

8. Ok BG, Ji YS, Ko YH, . Usefulness of urine 

cytology as a routine work-up in the detection of 

recurrence in patients with prior non-muscle-

invasive bladdercancer: practicality and cost-

effectiveness. Korean J Urol .2014; 55:650-65. 

9. Shariat SF, Savage C, Chromecki TF, et al. 

Assessing the clinical benefit of nuclear matrix 

protein 22 in the surveillance of patients with 

nonmuscle-invasive bladder cancer and negative 

cytology: a decision-curve analysis. Cancer .2011; 

117:2892-7. 

10. Raitanen MP, Finn Bladder Group. The role of 

BTA stat Test in follow-up of patients with bladder 

cancer: results from Finn Bladder studies.World J 

Urol .2008; 26:45-50. 

11. Yoder BJ, Skacel M, Hedgepeth R, Babineau D,  

Ulchaker JC, liou L. et al. Reflex UroVysion testing 

of bladder cancer surveillance patients with 

equivocal or negative urine cytology: a prospective 

study with focus on the natural history of 

anticipatory positive findings .Am J ClinPathol. 

2007; 127:295-301. 

12. Wadhwa N, Jatawa SK, Tiwari A. Non-invasive 

urine based tests for the detection of bladder cancer. 

J Clin Pathol . 2012; 65:970-5 

13. Christodoulou F, Raible F, Tomer R, Simakov O, 

Trachana K, Klaus S, et al. Ancient animal 

microRNAs and the evolution of tissue 

identity. Nature. 2010;463:1084–8.  

14. Bartel DP. MicroRNAs genomics, biogenesis, 

mechanism, and function. Cell. 2004; 116:281-97. 

15. Ruan K, Fang X, Ouyang G. MicroRNAs: novel 

regulators in the hallmarks of human cancer. 

Cancer Lett.2009; 285:116-26. 

16. Xiu Y, Liu Z, Xia S, Jin C,   Yin H,  Zhao W, Wu 

Q. MicroRNA-137 upregulation increases bladder 

cancer cell proliferation and invasion by targeting 

PAQR3.PLoS One .2014; 9:e109734. 

17. Iorio MV, Piovan C, Croce CM. Interplay between 

microRNAs and the epigenetic machinery: an 

intricate 

network. BiochimBiophysActa. 2010;1799:694 

701. 

18. Zhou X, Zhang X, Yang Y, Li Z, Du L, Dong Z, et 

al. Urinary cell-free microRNA-106b as a novel 

biomarker for detection of bladder cancer. Med 

Oncol .2014; 31:197. 

19. Gilad S, Meiri E, Yogev Y,  Benjamin S,  

Lebanony D,   Yerushalmi N, et al. Serum 

microRNAs are promising novel biomarkers. PLoS 

ONE .2008; 3:e3148. 

20. Livak KJ, Schmittgen TD. Analysis of relative gene 

expression data using real-time quantitative PCR 

and the 2(- Delta Delta C (T)) Method. Methods; 

2001;25:402-8. 

21. Graham ME, Hart RD, Douglas S, Makki FM,  

Pinto D, Butler AL,  et al. Serum microRNA 

profiling to distinguish papillary thyroid cancer 

from benign thyroid masses.J Otolaryngol Head 

Neck Surg2015; 44:33. 

22. Xu B, Huang Y, Niu X. Hsa-miR-146a-5p 

modulates androgen-independentprostate cancer 

cells apoptosis by targeting ROCK1.Prostate2015; 

75:1896-903. 

23. Sun Q, Zhao X, Liu X, Wang Y, Huang J, Jiang B, 

et al. miR-146a functions as a tumor suppressor in 

prostatecancer by targeting Rac1.Prostate2014; 

74:1613-21. 

24. Li H, Xie S, Liu M, Chen Z, Liu X, Wang L, et al. 

The clinical significance of downregulation of mir-

124-3p, mir-146a-5p, mir-155-5p and mir-335-5p 

in gastric cancer tumorigenesis.IntJ Oncol2014; 

45:197-208. 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Jecu%20M%5BAuthor%5D&cauthor=true&cauthor_uid=25408719
https://www.ncbi.nlm.nih.gov/pubmed/?term=Moldoveanu%20C%5BAuthor%5D&cauthor=true&cauthor_uid=25408719
https://www.ncbi.nlm.nih.gov/pubmed/?term=Adou%20L%5BAuthor%5D&cauthor=true&cauthor_uid=25408719
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jin%20C%5BAuthor%5D&cauthor=true&cauthor_uid=25330156
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yin%20H%5BAuthor%5D&cauthor=true&cauthor_uid=25330156
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhao%20W%5BAuthor%5D&cauthor=true&cauthor_uid=25330156
https://www.ncbi.nlm.nih.gov/pubmed/?term=Benjamin%20S%5BAuthor%5D&cauthor=true&cauthor_uid=18773077
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lebanony%20D%5BAuthor%5D&cauthor=true&cauthor_uid=18773077
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lebanony%20D%5BAuthor%5D&cauthor=true&cauthor_uid=18773077
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yerushalmi%20N%5BAuthor%5D&cauthor=true&cauthor_uid=18773077
https://www.ncbi.nlm.nih.gov/pubmed/?term=Makki%20FM%5BAuthor%5D&cauthor=true&cauthor_uid=26341226
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pinto%20D%5BAuthor%5D&cauthor=true&cauthor_uid=26341226
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pinto%20D%5BAuthor%5D&cauthor=true&cauthor_uid=26341226
https://www.ncbi.nlm.nih.gov/pubmed/?term=Butler%20AL%5BAuthor%5D&cauthor=true&cauthor_uid=26341226


Shahat and Omar / Urinary miR-146a and superficial bladder cancer, Volume 29 / No. 3 / July 2020   145-151 

  

 

 Egyptian Journal of Medical Microbiology  

www.ejmm-eg.com     info@ejmm-eg.com 
151 

25. Wang M, Chu H, Li P, Yuan L, Fu G, Ma L, et al. 

Genetic variants in miRNAs predict bladder cancer 

risk and recurrence.Cancer Res2012; 72:6173-82. 

26. Ma XP, Zhang T, Peng B, Yu L, Jiang DK. 

Association between microRNA polymorphisms 

and cancer risk based on the findings of 66 case-

control studies. PLoS One2013;8:e79584. 

27. Sasaki H, Yoshiike M, Nozawa S, Usuba W, 

Katsuoka Y, Aida K,  et al. Expression Level of 

Urinary MicroRNA-146a-5pIs Increased in Patients 

With Bladder Cancer and Decreased in Those After 

Transurethral Resection. Clinical Genitourinary 

Cancer,http://dx.doi.org/10.1016/j.clgc.2016.04.002 

28. Zhang Y, Lin C, Liao G,  Liu S, Ding J, Tang F,et 

al. MicroRNA-506 suppresses tumor proliferation 

and metastasis in colon cancer by directly targeting 

the oncogene EZH2.Oncotarget2015; 20:32586-601 

29. Drebber U, Lay M, Wedemeyer I. Altered levels of 

the oncomicroRNA21 and the tumor-

supressormicroRNAs 143 and 145 in advanced 

rectal cancer indicate successful neoadjuvant 

chemoradiotherapy. Int J Oncol2011;39:409-515. 

30. Ke HL, Chen M, Ye Y, Hildebrandt M,  Wu W,  

Wei H, et al. Genetic variations in micro-RNA 

biogenesis genes and clinical outcomes in non-

muscle-invasive bladder cancer. Carcinogenesis 

2013;34:1006-11. 

31. Kim SM, Kang HW, Kim WT. Cell-free 

microRNA-214 from urine as abiomarker for non-

muscle-invasive bladder cancer. Korean J 

Urol2013; 54:791-6. 

32. Wang G, Tam LS, Li EK, et al. Serum and urinary 

cell-free miR-146a andmiR-155 in patients with 

systemic lupus erythematosus.J Rheumatol2010; 

37:2516-22. 

33. Zhang DZ, Lau KM, Chan ES. Cell-free urinary 

microRNA-99a andmicroRNA-125b are diagnostic 

markers for the non-invasive screening of bladder 

cancer.PLoS One2014; 9:e100793. 

34. Taganov KD, Boldin MP, Chang KJ, Baltimore D. 

NF-kappaB-dependent induction ofmicroRNA 

miR-146, an inhibitor targeted to signaling proteins 

of innate immuneresponses. Proc NatlAcadSci U S 

A2006; 103:12481-6. 

35. Dalbeth N, Pool B, Shaw OM, Harper J, Tan P, 

Franklin C. Role of miR-146a in regulation of the 

acute inflammatory response to monosodium urate 

crystals.Ann RheumDis2015; 74:786-90. 

 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Liu%20S%5BAuthor%5D&cauthor=true&cauthor_uid=26452129
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ding%20J%5BAuthor%5D&cauthor=true&cauthor_uid=26452129
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tang%20F%5BAuthor%5D&cauthor=true&cauthor_uid=26452129
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hildebrandt%20MA%5BAuthor%5D&cauthor=true&cauthor_uid=23322153
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wu%20WJ%5BAuthor%5D&cauthor=true&cauthor_uid=23322153
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wei%20H%5BAuthor%5D&cauthor=true&cauthor_uid=23322153
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wei%20H%5BAuthor%5D&cauthor=true&cauthor_uid=23322153

