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INTRODUCTION 

microRNAs (miRNAs) are small non-coding 

RNAs (ncRNAs) with approximately 20 

nucleotides (nt) length that regulate gene 

expression post transcriptionally. They bind to 3’ 

untranslated regions of gene or 5’ untranslated 

region of mRNA to regulate gene expression 

either by mRNA destruction or inhibition of 

mRNA translation. miRNA were identified in 

1993 and knowledge has been growing since 

then. miRNA has been extensively studied in 

various disease pathogenesis over the past 3 

decades and they are potential candidates for 

novel therapies in future. It is estimated that 

microRNAs regulate approximately 30 % of the 

human protein coding genome. miRNA controls 

the expression of genes involved in several 

biological processes, including apoptosis, 

proliferation, differentiation and metastasis.  

(diagram) miRNAs are encoded in the genome as 

long primary transcripts (named pri -miRNAs) 
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ABSTRACT 

The robustly unfavourable prognostic effect of miR-21 has been highlighted across three urologic 

cancers in the primary analysis. However, the effect of miR-21 in BCa fluctuated in the further 

confirmation demonstrating single miRNA still lacks the stability. miRNA panel contribute to a better 

risk stratification and prognostic prediction which could compensate for the unreliability of individual 

miRNAs in estimating prognosis. However, larger studies with a standardized methodology that assess 

both single and multiple miRNAs will offer better insight into the prognostic value of miRNAs in 

urologic cancer. 
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that contain a cap structure at the 5’ end and are 

poly-adenylated at the 3’ end. Pri-miRNAs are 

processed by the cellular RNaseII endonuclease 

III Drosha, together with DGCR8/Pasha 

proteins, into a structure of 60-110 nt, called 

precursor-miRNA (pre-miRNA), which is then 

exported from the nucleus to the cytoplasm by an 

Exportin-5 dependent mechanism. In the 

cytoplasm, the pre-miRNA is cleft by the 

RNaseIII enzyme Dicer-1, together with 

TRBP/PACT proteins, producing a short 

imperfect double-stranded miRNA duplex. This 

duplex is then unwound by an helicase into a 

mature miRNA with approximately 20 nt length, 

which is then incorporate in a multicomponent 

complex constituted by Argonaute family protein 

members known as RISC. (1) 

miRNAs’ main function is to inhibit 

protein synthesis of protein-coding genes, either 

by inhibition of translation or mRNA 

degradation. However, the relative contribution 

of each mechanism to repression was unknown 

until recently. Besides mRNAs repression, 

miRNAs have been also reported to activate 

translation of targeted mRNAs. (2) 

A recent report showed that miRNA 

could regulate gene translation in a "seed" 

sequence-independent manner. (3) Various modes 

of action for miRNA revealed that the miRNA 

has diverse functions in cell biology and disease. 

Dysregulation of these mechanisms have been 

implicated in a variety of human diseases 

including urological malignancies. The last two 

decades have distinguishably been regarded as 

the decades of miRNA research to explore 

possible weapons against various cancers. Apart 

from diagnostic and prognostic roles, miRNA’s 

are being explored as potential therapeutic 

targets in various cancers.  In this review, we 

highlight recent advances in the applications of 

small RNA as therapeutics for urological cancer. 

miRNA in Prostate Cancer:  

Prostate cancer (PCa) is the most 

common non-skin cancer in men worldwide, 

resulting in significant mortality and morbidity. 
(4) Depending on the grade and stage of the 

cancer, patients may be given radiation therapy, 

hormonal therapy, or chemotherapy. Prostate 

cancer occurrence and mortality are up to 20-fold 

higher in industrialized countries with respect to 

developing ones, thus for this purpose diet and 

lifestyle have been proposed as factors causing 

this discrepancy. Nutrition and exercise modify 

serum factors that slow down the growth and 

induce apoptosis in androgen-dependent PCa 

cells, while high levels of body mass index, 

blood pressure and several metabolic factors 

were correlated with high risk of prostate cancer 

death. Serum PSA levels and digital rectal 

examination are the mainstay of diagnosis . but 

these have low sensitivity and specificity. Serum 

Prostate specific antigen levels (PSA) can be 

elevated in non malignant states also such as 

benign prostatic hyperplasia, acute prostatitis, 

prostatic massage during digital rectal 

examination, urinary catheterization, certain 

drugs etc. Digital Rectal examination has 

interobserver bias, and is subjective modality. 

These factors necessitate invasive modalities 

such as prostatic biopsy for diagnosis. There is a 

need of better non invasive markers for 

diagnosis, treatment and prognosis of prostate 

cancer. miRNA have been explored and are 

upcoming markers in relation to recent 

advances.  
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Figure 1 : Mode of Action of  mi RNA 

 

Table 1 miRNA in Prostate Cancer 

Biomarker Role in Prostate Cancer 
 

miR-21-5p, miR-141-3p, miR-375, and 

miR-574-3p 

oncogenic miRNAs promoting 

proliferation of PCa cells, 

upregulated 

Paiva et al. (5) 

miR-205 Up and down regulation Paiva et al. (5) 

miR-203  attenuated in bone metastatic PCa  Saini et al. (6) 

 miR-16, miR-23, miR-99, miR-125, miR-

29, and miR-30  

Downregulated  

Won et al. (7) 

miR-32, miR-26a, miR-196a, miR-181a, 

miR-25, miR-93, miR-92, and let-7i  

Upregulated Fabris et al. (8) 

miR-212,miR-185,miR-146a,miR-15a-16 

cluster, miR-200c, miR-128 

Downregulated Razdan et al. (9) 

miR-616,miR-221/222 cluster Upregulated Razdan et al. (9) 

 

miRNA in Bladder Cancer 

Bladder cancer is the second most 

common malignant tumor of the genitourinary 

tract and it affects >2 million patients worldwide. 

It was predicted that the incidence of bladder 

cancer may significantly increase in the near 

future due to an increasing exposure to risk 

factors and an aging population. (10) Its 

symptoms are nonspecific and include 

hematuria, discomfort during urination, and 

higher frequency and urgency of urination 

Treatment outcomes of patients with non-
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metastatic bladder cancer are generally 

satisfactory. However, the survival of patients 

with metastatic bladder cancer remains poor. At 

present, early diagnosis and treatment are crucial 

for a positive prognosis. As metastatic bladder 

cancer has poor outcome and prognosis, early 

identification of this malignancy with the help 

of  potential urinary microRNA (miRNA) and 

protein biomarkers is highly required 

 

Table 2: miRNAs in Bladder Cancer 

Biomarker Levels Inference  Reference 

MicroRNA-34a downregulated Diagnostic value, 

levels are lower in 

bladder cancer as 

compared to health 

controls  

Ding et al. (11) 

miR-452, miR-452, miR-21, miR-210, 

miR-222, miR-9, miR-182, miR-143, 

miR-133b, miR-518c*, miR-129, miR-

155, miR-145, and miR-152 

upregulated High levels 

Associated with poor 

prognosis 

Ding et al. (11) 

 miR-100, miR-387, miR-31, miR-141, 

miR-205, miR-101, miR-26a, miR-203, 

miR-424, miR-214, miR-29c, miR-27a, 

miR-27b, miR-203, and miR-34a 

downregulated Low levels associated 

with poor prognosis 

Xie et al. (12) 

miR-139-5p and miR-143-5p downregulated Diagnostic and 

prognostic value 

Braicu et al. (13) 

miR-141b, miR-200 s or miR-205 upregulated Diagnostic and 

prognostic value 

Braicu et al. (13) 

hsa-let-7c, mir-143, mir-944, mir-192, 

mir-590, mir-490, mir-141, mir-93, mir-

1-2, mir-200c, mir-133a-1, mir-1-1, 

mir-133b, mir-20a, mir-185, mir-19a, 

mir-19b-2, mir-19b-1, mir-17, mir-15a, 

and mir-133a-2  

related to 

proliferation, invasion, 

metastasis 

differentiation, 

epithelial-to-

mesenchymal 

transition (EMT) and 

angiogenesis of 

tumors. 

Signature miRNA for 

prognosis of bladder 

cancer 

Yin et al. (14) 

let-7c, miR-100, and miR-145  Helps in scoring of 

patient and provide 

insight into targeted 

immunotherapy 

Prognostic marker for 

muscle invasive 

bladder cancer 

Feng et al. (15) 

 

miRNA in Renal Cancer 

Renal cancer is one of the most lethal 

urological cancers.(16) In the past, patients with 

renal cell carcinoma (RCC) were usually 

presented at an advanced stage with renal mass, 

pain and/or hematuria. With the widespread 

availability of imaging, RCC is diagnosed 

incidentally during evaluation of another disease. 

These cancers are radio and chemo-resistant. The 

surgery is the only curative modality available in 

the management of RCC. Localised and locally 

advanced RCC, if treated by radical surgery, has 
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good prognosis. The metastatic RCC has a very 

poor prognosis.(17) The discovery of miRNAs in 

RCC can pave the way for early diagnosis, 

treatment and prognosis of the advanced and 

metastatic disease.  

 

Table 3 miRNA in Renal Cancer 

 

Biomarker Levels in Renal 

Cancer 

Remarks 
 

miR-27, -28, -185, 

let-7f-2) 

Over expressed As compared to healthy controls Gottardo et al.  (18) 

 microRNA-141 and 

microRNA -200c 

downregulated 
 

Nakada et al. (19) 

miR-21  overexpressed differentiation between ccRCC, 

pRCC, chRCC and oncocytoma  

Faragalla et al. (20)  

 miR-210 and miR-

378 

Over expressed Diminish after radical surgery Fedorko et al. (21) 

miRNA-15a in the 

urine  

upregulated Normal in benign disease and healthy 

controls 

Mytsyk et al. (22) 

Serum microRNA-

183  

upregulated Poor responsiveness to NK cells Zhang et al. (23) 

microRNA-124-3 higher relative 

methylation  

Higher chances of recurrence of RCC Gebauer et al. (24) 

miR-203  Downregulated  Low miR-203 expression in ccRCC 

specimens was associated with 

advanced clinical features and poorer 

prognosis , mir203 potentiators  via 

FGF2 may have targeted 

immunotherapy treatment options. 

Xu  et al. (25) 

CONCLUSION 

With the advances in molecular 

biology, efforts are being made to identify 

sensitive and specific miRNAs for early 

diagnosis, treatment and prognosis of various 

urological malignancies. This research can pave 

the way for improved lifespan and Quality of life 

of the patients with cancer. 
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