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a b s t r a c t 

Noncoding RNAs are transcribed in the most regions of the human genome, divided into small noncoding RNAs 
(less than 200 nt) and long noncoding RNAs (more than 200 nt) according to their size. Compelling evidences 
suggest that small noncoding RNAs play critical roles in tumorigenesis and tumor progression, especially in 
renal cell carcinoma. MiRNA, the most famous small noncoding RNA, has been comprehensively explored for 
its fundamental role in cancer. And several miRNA-based therapeutic strategies have been applied to several 
ongoing clinical trials. However, piRNAs and tsRNAs, have not received as much research attention, because of 
several technological limitations. Nevertheless, some studies have revealed the presence of aberration of piRNAs 
and tsRNAs in renal cell carcinoma, highlighting a potentially novel mechanism for tumor onset and progression. 
In this review, we provide an overview of three classes of small noncoding RNA: miRNAs, piRNAs and tsRNAs, 
that have been reported dysregulation in renal cell carcinoma and have the potential for advancing diagnosis, 
prognosis and therapeutic applications of this disease. 
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Renal cell carcinoma(RCC) is the sixth most frequently diagnosed
ancer in men and the tenth in women worldwide [1] . RCC is partic-
larly prevalent in Northern American, while the incidence rate is low
n Africa. Those differences have been attributed to the differences in
aces, age structure of population and detection technology [2] . In ad-
ition, cigarette use, obesity, and hypertension, the most influential risk
actors for RCC [1] , also play a role in RCC prevalence. Annually, there
re more than 175,000 RCC deaths worldwide [3] . Because of the high
ate of metastasis and recurrence, it is conceivable that many patients
re only diagnosed at the advanced stages of disease. Nearly one third
f patients are diagnosed with metastatic RCC [4] ; Moreover, RCC is
ighly resistant both to chemotherapy and radiotherapy. Although there
as been extensive research on RCC, the specific mechanisms underly-
ng carcinogenesis in the kidney are still poorly understood [5] . Hence,
iscovering the detailed molecular mechanism of RCC is of urgent im-
ortance for the development of effective treatments for RCC. 

Initially, scientists focused their eyes on protein-coding genes to
dentify relevant proteins, when exploring the molecular mechanism of
idney carcinogenesis. However, there are only ∼2% of human DNA
Abbreviations: 3 ′ UTR, 3 ′ untranslated region; AGO, argonaute; ANG, angiogenin
egion 8; EMT, epithelial-mesenchymal transition; EXP5, exportin 5; LncRNA, long no
iRNA, piwi-interacting RNA; pRCC, papillary renal cell carcinoma; RCC, renal cell c
inase inhibitors; TRBP, transactivation-responsive RNA-binding protein; tRFs, tRNA
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oding proteins and over 80% of the human genome is transcribed to
arious transcripts without protein-coding potential with the rapid de-
elopment of high throughput sequencing. Currently, more and more
esearch has been focused on non-coding RNAs (ncRNAs); once consid-
red as “junk RNA ”, it is now clear that many ncRNAs are participating
n many critical physiological and pathological processes [ 6 , 7 ]. Aber-
ant expression of ncRNAs is frequently observed in different types of
arcinomas, suggesting a key role for ncRNAs in carcinogenesis [8] . 

Non-coding RNAs can be grouped into several classes, grouped by
ize. Small ncRNAs (sncRNAs), which play a key role in carcinogenesis,
nclude miRNAs, piRNAs and tsRNAs. Long ncRNAs (lncRNAs), compris-
ng ncRNAs longer than 200 nucleotides(nt), include pseudogenes and
ircRNAs [9] . 

Although the current knowledge of ncRNAs, especially small ncR-
As, is still inadequate, the elevating evidences for their indispensable

ole in many biological processes suggest their considerable roles in
arcinogenesis.This review summarizes the current knowledge of small
cRNAs, with emphasis on the roles of those molecules in renal cell car-
inoma. We also highlight the possible utilization of sncRNAs as novel
iomarkers and potential therapeutic targets in renal cell carcinoma
10] . 
; ccRCC, clear cell renal cell carcinoma; DGCR8, diGeorge syndrome critical 
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Fig. 1. Overview of the miRNA biogenesis 

pathway. Pri-miRNAs are transcribed by RNA 

polymerase II in the nucleus. The first step is 
mediated by a microprocessor, comprised of 
Drosha and DGCR8, to produce pre-miRNA. 
Next, pre-miRNAs are exported to the cyto- 
plasm by EXP5. The second step is mediated by 
Dicer, TRBP and AGO1–4, during which pre- 
miRNA are processed. Finally, the remaining 
strand of miRNA is loaded on AGO to form 

RISC. 
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Table 1 

Altered microRNA (miRNA) expression in renal cell carcinoma. 

MiRNA Expression mRNA target Reference 

miR-200b down LAMA4 [32] 

miR-16 up SLC27A4, CD55 [33] 

miR-200c-3p down ZEB1 [21] 

miR-543 up KLF6 [34] 

miR-22 down PTEN [25] 

miR-19 up FRK [26] 

miR-124 down ZEB2 [23] 

miR-203 down ZEB2 [23] 

miR-182–5p down FLOT1 [35] 

miR-186 down SENP1 [36] 

miR-122 up FOXO3 [37] 

miR-30a-3p down WNT2 [38] 

miR-21 up PDCD4 [103] 

miR-195 down HMGA1 [104] 
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We accessed PubMed to search English-language articles up to June
020, using a combination of the following terms: noncoding RNA, or
mall noncoding RNA, or microRNA, or miRNA, or piRNA, or piwi-
nteracting RNA, or TRF, or tRNA derived small fragments, and kidney
ancer, or renal cell carcinoma or RCC. 

icroRNA 

iRNAs biogenesis and biological functions 

MiRNA is a type of sncRNAs about 22 nt in length. It guides Arg-
naute(AGO) proteins to target 3 ′ untranslated region (3 ′ UTR) of mRNA,
ediating posttranscriptional gene silencing. Since the first miRNA was

eported in Caenorhabditis elegans in 1993 [11] , thousands of miRNAs
ave been discovered in flies, plants and mammals. Canonical miR-
As are transcribed by RNA polymerase II (poly II) to generate the
rimary miRNAs (pri-miRNA) in the nucleus, where pri-miRNA is pro-
essed by 5 ′ capping and 3 ′ polyadenylation [12] . This initial event is
ollowed by two processing steps: The first step is cleaved by a micro-
rocessor, including DiGeorge syndrome critical region 8 (DGCR8) that
ecognizes pri-miRNAs and Drosha that cleaves the pri-miRNA to an
pproximately 70-nucleotide-long hairpin structure called pre-miRNA
 13 , 14 ]. Next,Exportin-5 and RAN-GTP export pre-miRNA to the cy-
oplasm [15] .In the second step, Dicer generates the mature 18 ∼25 nt
iRNA duplex by binding and cleaving the dsRNA stem, during which

he transactivation-responsive RNA-binding protein TRBP enhances the
icer -mediated cleavage and alters miRNA guide-strand selection [16] .
ext, Argonaute incorporates one strand of mature miRNA to form the
iRNA-induced silencing complex (miRISC); the other strand is de-

raded [ 17 , 18 ] ( Fig. 1 ). 
MiRNA is thought to exert its main function by binding to and silenc-

ng target mRNAs in a sequence-specific manner. MiRNA commonly tar-
ets 3 ′ UTR sequences of mRNAs. The capability of miRNAs to combine
ith mRNAs depends largely on the level of complementarity between

hese molecules [13] . The miRNA-mRNA pair recruits RISC to regulate
RNA expression by hampering the translational process or mRNA de-
ay. Thus, the miRNA expression can be related to clinical features and
iological characteristics [19] . 

Although miRNAs exist and function mainly in the cytoplasm, there
s still a group of miRNAs secreted extracellularly, that can be detected
y fluid biopsy. Extracellular miRNAs have been extensively shown to
articipate in the regulation of multiple targets of recipient cells, and
hey trigger almost every pivotal process of tumor progression [20] . In
ddition, extracellular miRNAs can be detected in a convenient and non-
nvasive way, suggesting their potential as sources of important clinical
nformation on the onset, progression, and recurrence of cancer and re-
ponse to cancer treatment [19] . 

iRNAs alteration in renal cell carcinoma 

The function of miRNAs in the progression of RCC has been reported
n extensive research. Here, we present a summary of some crucial miR-
As and their eventful roles in carcinogenesis ( Table 1 ). 

The transcriptional repressors ZEB1 and ZEB2, which control EMT
epithelial-mesenchymal transition) or MET (mesenchymal-epithelial
ransition), are inhibited by miR-200 family members [21] . Researchers
ound that the expression of ZEB1 could be downregulated by miR-200c
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o inhibit RCC progression [22] . Except from miR-200 family, Chen et al.
lso have shown that, in addition to the miR-200 family, both miR-124
nd miR-206 can also suppress the EMT pathway via co-regulation of
EB2 [23] . 

The key tumor suppressor gene PTEN is involved in many cell pro-
esses [24] . Fan et al. demonstrated that miR-22 is downregulated in
CC tumor tissues, and that miR-22 can exert its anti-tumor effect by

argeting PTEN [25] . Jing et al. also found that miR-19 can promote RCC
ells proliferation by targeting Fyn-related kinase (FRK), thus inhibiting
RK induced PTEN phosphorylation [26] . 

Several miRNAs have been used to characterize RCC through iden-
ifying different pathological characteristic, including clinical stage and
athological grade [19] . Analyzing 54 pairs of RCC tissues and adjacent
ormal tissues, Zaman et al. found an increase of miR-21 in malignant
issues compared to miR-21 levels in adjacent tissues. Expression levels
f miR-21 were positively correlated with the stage of renal cancer [27] .
n addition, miRNA can also be used to distinguish metastatic RCC from
ocalized RCC. White et al. found elevated levels of MiR-149, miR-638
nd miR-1915 in metastatic RCC, and downregulated miR-196a, miR-
0b and miR-27b ∗ [28] . 

MiRNA expression can also be used to distinguish different subtypes
f RCC. Papillary renal cell carcinoma (pRCC), a heterogeneous group
ncluding various types of renal cell carcinoma, is the second most com-
on type of RCC, accounting for nearly 10% of all RCC cases [29] . Pow-

rs et al. showed that miR-143, miR-126 ∗ and miR-126 are downregu-
ated in pRCC compared with ccRCC tissues [30] . Xp11.2 translocation
enal cell carcinoma (Xp11 tRCC) is a rare sporadic kidney cancer in
hildren. Kurahashi et al. found that the expression level of miR-204–
p is markebly increased in the Xp11 tRCC mouse model compared to
ontrols. In addition, miR-204–5p has also been detected in the urinary
xosome in Xp11 tRCC mice, but not in controls, thus suggesting its
otential as a diagnostic biomarker of Xp11 tRCC in humans [31] . 

iRNAs as biomarkers 

Accurate diagnosis is the foundation for precise, effective treatment
f renal cell carcinoma. Since a growing number of studies have shown
hat almost all biomolecules (including small noncoding RNA such as
iRNAs, piRNAs and tsRNAs) packed into extracellular vesicles which

ould be detected in the body fluid specimens [39] , it is feasible and ur-
ent to develop the miRNA-based non-invasive detection system [40] .
he system would allows repeated sampling and real-time monitoring
f disease progression and of response to treatment [ 41 , 42 ]. We present
ere some of miRNAs which might most effectively reflect the physio-
ogical and pathological characteristics of RCC ( Table 2 ). 

An increasing amount data supports the view that miRNAs could
erve as novel prognostic biomakers. Using a combination miRNA strat-
gy in a powerful study of 107 specimens, Lokeshwar et al. revealed
hat combining miR-21, miR-142–5p and miR-194 could significantly
redict cancer metastasis and disease-specific mortality [43] . In a study
f miR-210–3p and miR-155–5p expression in a cohort of 206 RCC pa-
ients, Zhang et al. reported that high expression of miR-210–3p and
iR-155–5p is associated with elevated risk of relapse [44] . Another

ndependent patient cohort study showed a strong correlation of miR-
22–5p and miR-206 levels with progression-free periods and overall
urvival [45] . It has been recently reported that patients with high lev-
ls of miR-16 show a poor prognosis. In contrast, miR-484, miR-497,
nd miR-20 have been considered as early diagnosis indicators of RCC
ecause they are differentially expressed only in stage I tumor tissues
nd blood specimens [33] . 

MiRNAs have potential not only for predicting the pathological
haracteristics and prognosis of RCC, but also for predicting responses
o chemotherapy. Since tyrosine kinase inhibitors (TKI) such as suni-
inib, pazopanib and sorafenib are frequently used in the first-line
reatment of RCC patients, the prediction value of miRNAs in TKI re-
ponse has attracted the attention of several researchers. Joost et al.
ound that miR-141 was markedly downregulated in tumor samples of
oor responders compared to that of good responders showing at least
-year progression-free survival. In vitro assays have shown that miR-
41 can inhibit EMT by inhibiting ZEB transcriptional factors [46] . In
nother study analyzing nephrectomy specimens of 50 metastatic RCC
atients, mRCC patients were divided into non-responders (progres-
ion < 3 months) and complete or partial responders (progression > 6
onths). Comparision of nonresponders and partial responders found

hat miR-9–5p levels significantly increased in non-responders com-
ared to responders. Finally, the potential of miR-9–5p to predict patient
esponse to TKIs was confirmed using Kaplan-Meier and Cox regression
nalyses [47] . Another interesting recent study analyzed miRNAs ex-
ression in two independent cohorts: an exploratory cohort containing
5 good responders (progression-free survival (PFS) > 17 months) and
2 poor responders (PFS < 7 months), and a validation cohort comprised
f patients with primary resistance (PFS < 5 months), patients with in-
ermediate response levels (PFS > 5 but < 12 months), and patients with
 long-term response (PFS > 12 months). Finally, the potential of miR-
76b-3p in predicting drug response has been demonstrated by its cor-
elation with PFS in metastatic RCC treated with sunitinib [48] . 

iRNA-based therapies 

Several miRNAs have been reported to inhibit cancer cell growth
nd migration when overexpressed or inhibited, suggesting that prolif-
ration and migration of cancer cell could be regulated by manipulat-
ng miRNA expression. Several methods for overexpressing or inhibit-
ng miRNA expression are available. For example, artificial synthetic
iRNA mimics or antagonists can be successfully transfected into cells

o overexpress or inhibit the expression of target mRNAs. Strategies for
herapeutic uses of miRNA are entering to a new era, with several on-
oing phase I and phase II trials [49] . 

MRX34 (Mirna Therapeutics), a liposome miR-34a mimic, has com-
leted the phase I trial in advanced solid tumors, including viral-related
epatoma, renal cell cancer, and melanoma. In a trial administering
RX34 to 47 adult patients twice a week, researchers found that one

atient achieved partial remission and four patients maintained a sta-
le disease lasting more than 4 cycles. Although researchers consid-
red that MRX34 was acceptable safe, Dexamethasone premedication
id not prevent occurrence of adverse events [50] . Despite the promise
f this drug in treating some refractory solid tumor patients, even though
 patients acquired partial remissions and the 16 patients remained
table for more than 4 weeks, the trial was terminated in 2016 be-
ause of severe immune-mediated adverse events that resulted in four
eaths [51] . 

Another clinical trial, however, used miravirsen, an antisense
ligonucleotide inhibitor targeting miR-122, to inhibit miR-122 in vivo
hat had been proved effective in reducing HCV (Hepatitis C) RNA levels
f Hepatitis C patients in a dose-dependent reduction manner. HCV pa-
ients who received subcutaneous injection of miravirsen for give weeks
howed a long-term decrease HCV RNA levels without any unmanage-
ble adverse events [52] . 

However, there are still many obstacles to clinical application, with
nly a few ongoing clinical trials on miRNAs, despite many years of nu-
erous preclinical studies on miRNA treatment. More attention should

e focused on enhancing the stability of miRNA molecules in vivo and
n designing optimal delivery systems with disease specificity and min-
mum toxicity [53] . 

iwi-interacting RNA 

iwi-interacting RNAs biogenesis and functions 

Piwi-interacting RNAs (piRNAs) is a class of sncRNAs with 21–35
ucleotides in length [ 54 , 55 ], characterized by 2 ′ -O-methylation at
he 3 ′ end, which can be used to distinguish it from other noncoding
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Table 2 

Clinical application of sncRNAs in renal cell carcinoma. 

RNA type SncRNA Expression 
Potential clinical 
application Biological Samples Technique/Cohort Reference 

miRNA miR-21 

miR-142–5p 

miR-194 

up Prognostic markers Tissue qRT-PCR/54 ccRCC 

vs 54 N 

[27] 

miR-155–5p 

miR-210–3p 

up Prognostic markers Tissue qRT-PCR/ 

205 ccRCC vs 205 

N 

[44] 

miR-122–5p 

miR-206 

up Prognostic markers Serum qRT-PCR/ 

68 ccRCC,47 

benign renal 

tumors and 28 N 

[45] 

miR-141 down Predictive markers Tissue qRT-PCR/9 poor 

responders to 

sunitinib vs 11 

good responders 

[46] 

miR-9–5p up Predictive markers Tissue TaqMan/41 

responders to TKIs 

vs 19 

non-responders 

[47] 

miR-376b-5p down Predictive markers Tissue Microarray/25 

responders to 

sunitinib vs 22 

non-responders 

[48] 

piRNA piR-32,051 

piR-39,894 

piR-43,607 

up Prognostic markers Tissue Microarrays and 

qRT-PCR/Cohort 1: 

18 ccRCC and 18 N 

Cohort 2: 68 cases 

of FFPE ccRCC 

[73] 

piR-30,924 

piR-57,125 

piR-38,756 

down Prognostic markers Tissue Microarrays and 

qRT-PCR/13 

metastatic ccRCC, 

106 ccRCC and 77 

N 

[74] 

piR-51,810 

piR-34,636 

down Prognostic markers Serum qRT-PCR/30 RCC vs 

15 N 

[75] 

piR-823 down Prognostic markers Tissue qRT-PCR/57 RCC vs 

38 N 

[71] 

tsRNA 5 ′ tRNA-Arg-CCT 

half 

5 ′ tRNA-Leu-CAG 

half 

5 ′ tRNA-Glu-CTC 

half 

5 ′ tRNA-Lys-TTT 

half 

down Prognostic markers Serum qRT-PCR/ 

i)Tissue:95 RCC vs 

50 N 

ii)Serum: 27 RCC 

vs 13 N 

[76] 
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NAs [56] . piRNAs are normally divided into three classes according
o their origins: 1) transposon-derived piRNAs, 2) lncRNA-derived piR-
As and 3) mRNA-derived piRNAs [ 57 ]. The biogenesis and function
f transposon-derived piRNAs have been studied more extensively than
he other two classes of piRNAs. The biogenesis of piRNAs includes two
eparated steps: 1) primary biogenesis and 2) secondary biogenesis. 

After transcription, the primary transcript (pri-piRNA) is cleaved
y the ribo-endonuclease Zucchini (Zuc, also called PLD6 in mam-
als), generating piRNA intermediates with a 5 ′ uracil [ 58 , 59 ]. PiR-
As with uridine at the first nucleotides are preferentially loaded on
IWI proteins. Next, the 3 ′ fragment of immature piRNA is trimmed and
 ′ O-methylated by the Hen1 methyltransferase. The final length of ma-
ure piRNA is considered to protect the piRNA from 3 ́to 5 ́exonucleases
60] . The secondary phase of biogenesis, known as the ping-pong cycle,
egins with the mature piRNA. Aub/PIWI proteins bind to the mature
iRNA, which targets the complementary transposon RNA sequence,
nd cleaves the 3 ′ fragment of transposon RNA in cytoplasm. The re-
aining transposon RNA is still bound to AGO3. The secondary piRNA

s processed by trimming and 2 ′ O-methylating as in the primary process.
here is a nearly 10-nucleotides overlap between the Aub-bound mature
iRNA and the AGO3-bound secondary piRNA. Next, the piRNA, which
s identical to the mature piRNA, is produced by piRNA-AGO3 complex
nduced antisense piRNA transcripts cleavage and they could continue
r  
o be amplified by repeating the second process [60] . In conclusion,
his biogenetic process degrades the transposon RNA and amplifies the
iRNA/PIWI complex [61] ( Fig. 2 ). 

PiRNAs accomplish their function through binding to PIWI proteins
rom Argonaute family. The piRNAs/PIWI complexes can silence the
ctively transcribed transposons, whose sequence is complementary to
iRNAs, and alter the chromatin structure of target loci by recruiting hi-
tone methyltransferases [ 62 ]. In addition to chromatin silencing in the
ucleus, piRNAs can also regulate mRNA expression in cytoplasm. For
he nearly one third of mRNAs that carry transposon-derived sequence
n their 3 ′ -UTR, piRNA/PIWI complexes could recognize and eliminate
hese mRNAs in transcriptional level [63] . 

iRNAs alteration in renal cell carcinoma 

Since piRNAs were initially found to be important regulators in main-
aining genomic stability of germ stem cells, it is plausible that similar
elf-renewal mechanisms are likely to occur in rapidly dividing cancer
ells [64] . In support of this hypothesis, more and more studies have
hown that piRNA expression is dysregulated in various types of cancer,
ncluding RCC, suggesting that piRNAs may exert tumor-suppressive or
umor-promoting effects in cancer cells. Moreover, other studies have
evealed that piRNAs are strongly correlated with pathological and clin-
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Fig. 2. The PiRNA biogenesis pathway. Pre-piRNAs are exported to cytosol after transcription, then cleaved by Zuc, resulting in the production of intermediate 
piRNAs intermediated with a 5 ′ uracil. The 3 ′ terminal of piRNA intermediates are trimmed and 2 ′ -O-methylated by Hen1. In the secondary pathway, piRNAs bind to 
AUB or AGO3 proteins to form piRNA/AUB or piRNA/AGO3 complexes, which are complementary to each other, leading to transposon RNA cleavage and piRNA 

amplification. 
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cal tumor characteristics [ 65 , 66 ]. Next, we will discuss the vital role of
pecific piRNAs in development and progression of cancer, especially
n renal cell carcinoma. piR-823 is an important piRNA that is dysregu-
ated in various types of cancer. Yan et al. found that piR-823 expression
s increased in multiple myeloma (MM) patients and that expression
evels are correlated with clinical stage. Researchers have also found
hat inhibition of piR-823 can reduce expression of DNA methyltrans-
erases DNMT3A and 3B and thus reduce the global DNA methylation
evel. Moreoever, piRNA-823 inhibition decreases proangiogenic activ-
ty in MM by reducing the secretion of vascular endothelial growth fac-
or [67] . Unlike the case for MM, however, it has been reported that
iR-823 is downregulated in kidney cancer, prostate cancer, and gastric
ancer [68–71] . In gastric cancer, the expression of piR-823 in tumor tis-
ues was significantly lower than that in adjacent tissues. After increas-
ng the level of piR-823, cell growth was inhibited. Also, in vivo mouse
odel confirmed piR-823 played a suppressive effect on gastric cancer

68] . Similarly, Lliev et al. analyzed piR-823 levels in 588 RCC and nor-
al specimens, and found that, piR-823 was decreased in RCC tissues

ompared to adjacent normal tissues. Surpriginly, however, expression
evels of piR-823 are also positively correlated with a poor prognosis,
ndicating the complex role of piR-823 in RCC pathogenesis [69] . 

Overall, the role of piRNAs in RCC has been little studied, and fur-
her research is needed to understand the mechanisms of piRNA in RCC
rogression and metastasis. 

iRNAs as biomarkers 

Like miRNAs, piRNAs are expressed in a tissue-specific manner and
ave been shown to be differentially expressed in different types of tu-
ors; their expression levels are also associated with histological grade

nd pathological characteristics of tumors, and with patient survival
72] . Here, we summarize several piRNAs with the potential to serve
s biomarkers of RCC progression and metastasis ( Table 2 ). 

Li et al. reported that there were 19 piRNAs that are differen-
ially expressed in benign and malignant renal tissues. Deep sequenc-
ing of 24 benign and ccRCC specimens revealed 46 piRNAs were as-
ociated with metastasis. In another 68-case ccRCC tissue validation
ohort, researchers found that three piRNAs (piR-43,607, piR-39,894
nd piR-32,051) were strongly associated with progression, metastasis,
nd prognosis of ccRCC [73] . Another similar study in RCC analyzed
06 RCC patient samples including 30 metastatic tissues, 76 localized
issues and normal samples. RT-qPCR assays revealed lower lexpres-
ion of piR-38,756, piR-57,125 and piR-30,924 in tumor samples com-
ared with normal samples. In still another study, however, piR-57,125
howed lower expression in metastatic samples, but strong expression
iR-30,924 and piR-38,756 in metastatic samples [74] . Recently, zhao
t al. found that two mitochondrial piRNAs (piR-51,810 and piR-34,636)
ere downregulated in ccRCC, and that both piRNAs were predictors of

ancer-specific and overall survival of ccRCC patients. However, the re-
earchers found no significant differences in piRNA expression between
cRCC patients and non-malignant patients in serum samples [75] . 

RNA-derived small RNAs 

RNA-derived small RNAs biogenesis and functions 

TRNAs are well characterized molecules that have been extensively
tudied for more than 50 years, and they have a well-defined role in
rotein translation. Besides their critical roles in basic protein synthe-
is, increasing evidence indicates that tRNAs also participate in several
dditional cellular processes by interacting with a range of proteins
oth in bacteria and eukaryotes [77] . With the recent development of
igh-throughput sequencing, it has been found that tRNAs are a critical
ource of small noncoding RNA [78] . tRNA-derived small RNAs (tsR-
As) are produced by tRNAs, and are cleaved by specifically nucleases
nder certain conditions such as stress and hypoxia [79] . There are two
ain groups of tsRNAs: 1) tRNA-derived fragments (tRFs) and 2) tRNA
alves (tiRNAs), categorized according to different cleavage positions
80] . Based on their mapping positions on pre-tRNAs and mature tRNAs,
RFs and tiRNAs can be divided into several subclasses [81] ( Fig. 3 ). tRFs



L. Ding, M. Jiang, R. Wang et al. Translational Oncology 14 (2021) 100974 

Fig. 3. Schematic presentation of tsRNAs biogenesis . tsRNAs include tRF-1 s, tRF-2 s, tRF-3 s (type a,b), tRF-5 s (type a, b and c) and i-tRFs. tRF-1 s are the 
maturation products of tRNAs (not shown in figure). The anticodon loop of mature tRNAs can be cleaved by Angiogenin (ANG) to produce 3 ′ tiRNAs and 5 ′ tiRNAs. 
tRF-2 s are generated from the anticodon stem loop of tRNAs. tRF-3 s, which are derived from the 3 ′ end of tRNAs, are generated by Dicer or ANG -dependent cleavage 
in the T loop. Similarly, tRF-5 s are derived from the 5 ′ end of tRNAs in Dicer-dependent cleavage in the D loop. i-tRFs come mainly from the internal region of tRNA. 
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re approximately 14–30 nt in length and can be grouped into 5 sub-
lasses: tRF-1 s, tRF-3 s, tRF-5 s, tRF-2 s, itRFs [82] . tRF-1 s are derived
rom the 3 ′ end of mature tRNAs or precursor tRNAs cleaved by RNase
 in the nucleus and resulted in the presence of poly-U residues at the 3 ′
nd of tRF-1 s [83] . tRF-2 s contain only anticodon stem loop sequences
nd are induced in hypoxic conditions [84] . Originating from the 3 ′
nd of mature tRNAs, tRF-3 s can be produced in a Dicer-dependent or
icer-independent manner [82] . Therefore, tRF-3 s can be subclassified
s tRF-3a or tRF-3b due to different methods of cleavage. tRF-5 s, de-
ived from 5 ′ end of mature tRNAs, are cleaved in the D -loop. Due to
hree specific lengths of tRF-5 s, they could be separated into three sub-
lasses: tRF-5a, tRF-5b and tRF-5c [85] . i-tRFs come mainly from the
nternal region of mature tRNA [86] . 

As the earliest discovered tsRNAs, tiRNAs are produced by cleavage
pecifically in the anticodon loop of mature tRNAs [87] . Despite being
nown as stress-induced fragments, tiRNAs also exist in non-stressed
onditions [88] . There are two subclasses of tiRNAs: 3 ′ tiRNAs and 5 ′ tiR-
As. As their name suggests, 5 ′ tiRNAs replication start from the 5 ′ end of
ature tRNAs and end at the anticodon loop. Similarly, 3 ′ tiRNAs repli-

ation start from the anticodon loop and end at the 3 ′ end of mature
RNAs. Because of cleavage is conducted by angiogenin, tiRNAs have a
 ′ hydroxyl group rather than a 5 ′ phosphate group, which is different
rom miRNAs and siRNAs [ 89 , 90 ]. 

Although the exact role of tsRNAs is still needs to be further elu-
idated, accumulating evidences suggest that they participate in vari-
us biological processes as we discussed in detail below. Firstly, tsRNAs
ould regulate the gene expression in an miRNA-like manner. Several
tudies have shown that both 5 ′ tRFs and 3 ′ tRFs can target the 3 ′ UTR of
pecific mRNAs and repress their translation [ 79 , 91 , 92 ]. Wang et al. re-
orted that 5 ′ tiRNA which derived from 5 ′ -tRNA 

Glu can suppress target
enes in the cytoplasm and promote respiratory syncytial virus (RSV)
roliferation [92] . Aside from the effets of tsRNAs on miRNA-like gene
ilencing, several studies suggest that tsRNAs can also repress the global
ranslational levels [93] . Gebetsberger et al. found that 5 ′ tRF Val binds to
ibosomes directly and reduces protein synthesis under the stress condi-
ions [ 84 , 94 , 95 ]. Moreover, tsRNAs can bind proteins to exert specific
unctions [84] . For example, YBX1 is an RNA-binding protein that can
ind to some endogenous oncogene transcripts and enhance their sta-
ility. Several tsRNAs can bind to YBX1, resulting in the disassociation
f the YBX1-oncogene transcripts complex, and in inhibition of tumor
ell growth [96] . 

sRNAs alteration in renal cell carcinoma 

Although understanding of the role of tsRNAs in cancer is still in the
arly stage, increasing evidences suggest that tsRNAs play a vital role
n various physiological processes, including differentiation, prolifera-
ion, division, RNA splicing, chromatin remodeling, transcription factor
inding, among other process. It has been reported that tsRNAs have
 functional role in many types of malignant cells. For example, some
sRNAs derived from tRNA 

Glu , tRNA 

Asp , tRNA 

Gly , and tRNA 

Tyr are act
s the tumor suppressors in breast cancer by binding to YBX1, as dis-
ussed above. However, there has been little research on tsRNA in renal
ell carcinoma. With the development of new technologies such as high
hroughput sequencing, future research is likely to clarify the specific
echanisms of tsRNA in RCC. 

sRNAs as biomarkers 

It is recognized that 5 ′ tRNA halves circulate in the serum in a stable
orm and that their serum levels are fluctuate due to a variety of phys-
ological changes [97] . What’s more, numerous of tsRNAs have been
hown to play a vital role in many types of malignancies [98–100] . Re-
ent studies have revealed that tsRNAs can be used as diagnostic and
rognostic biomarkers in breast cancer, oral squamous cell carcinoma
nd head and neck squamous cell carcinoma [101] . Here, we describe
ome potential tsRNA biomarkers in renal cell carcinoma ( Table 2 ). 
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Analyzing a cohort containing 118 ccRCC and 78 normal tissues,
ientiedt et al. reported that 5 ′ tRNA-Val-ACC is downregulated in re-
al cell carcinoma tissues [76] . A subsequent study was conducted by
he same group indicated several potential diagnostic and prognostic
iomarkers in ccRCC. By assessing the 5 ′ tRNA expression levels in 95
cRCC and 50 normal renal tissues, those investigators found that both
 ′ tRNA-Arg-CCT half, 5 ′ tRNA-Leu-CAG half, 5 ′ tRNA-Glu-CTC half, and
 ′ tRNA-Lys-TTT half were all downregulated in malignancies. Prognos-
ic analysis also revealed that elevated levels of all of these tsRNA vari-
nts are associated with adverse clinical features [76] . 

onclusion and future perspectives 

As more researchers have focused on sncRNAs in the last two
ecades, growing evidence has revealed a close relationship between
ncRNAs and cancer. MiRNAs, which have been extensively explored in
he past decades, are considered as potential biomarkers or therapeutic
argets in cancer therapy. There are several different views of miRNAs
s therapeutic tools. At the moment, the greatest attention has been
ocused on those miRNAs that could inhibit cancer progression alone.
owever, another strategy that has not been extensively discussed is to
tilize miRNAs to increase the sensitivity of cancer cells to chemother-
py [102] . Thus far, hundreds of preclinical experiments have indicated
he vital role of miRNAs in cancer resistance. Thus miRNA formulations
re promising materials for development as adjunctive therapy admin-
stered along with chemotherapy drugs. 

Despite the promising future for miRNA therapy, there are still large
bstacles to spanning the gap between basic research and clinical ap-
lications. Though many miRNAs are undergoing clinical trials, none of
hose miRNAs have yet been applied in routine clinical practice. Several
easons may explain this phenomenon. First, many miRNA biomarkers
re selected in a group with a limited number of participants and with-
ut a validation cohort. Moreover, the patients included in clinical trials
re usually selected in a way that is not representative of the broader pa-
ient population. Second, it is quite difficult to overcome the adverse ef-
ects of several miRNA-based therapeutic strategies: because miRNA can
imultaneously regulate various targets, it is not easy to avoid off-target
ffects. For instance, MRX34, which was considered safe in animal mod-
ls and early phase I clinical trials, nevertheless caused 4 patient deaths
n later phase I clinical trials due to severe immune-mediated adverse ef-
ects. Last but not least, a more efficient delivery system should be devel-
ped to precisely deliver the therapeutic oligonucleotides to target sites
nd to maintain maximum stability of the therapeutic oligonucleotides
n vivo. Apart from miRNAs, the roles of other types of sncRNAs in can-
er have been less explored, especially in renal cell carcinoma. Since
he expression levels of piRNAs and tsRNAs vary in different types of
umors and different stages of disease, more light should be shed on
hose sncRNAs to better understand the underlying mechanisms of re-
al cell carcinoma and to provide novel therapeutic targets for RCC. 

Looking forward, it is conceivable that the evaluation of the expres-
ion levels of small noncoding RNA in patients’ tumor tissues and serum
ill been indispensable component of future approaches to cancer diag-
osis and therapy. Through knowledge of specific sncRNA expression
evels, we may someday be able to predict the pathological charac-
eristics of tumors, and the overall patient prognosis and response to
hemotherapy, and to apply targeted sncRNA treatment appropriate to
he specific characteristics of the tumor and patient in question. 
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