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Abstract

Purpose PIWI-interacting RNAs (piRNAs) have been suggested to serve as biomarkers in cancer. In this study, we validated
the expression profile of two piRNAs derived from mitochondria, piR-34536 and piR-51810, in tissue and serum of a cohort
of clear cell renal cell carcinoma (ccRCC) patients.

Methods Tissue and serum samples of patients with ccRCC were collected prospectively in our biobank. Total RNA was
isolated from 118 ccRCC tissues, 75 normal renal tissues as well as 30 serum samples from patients with ccRCC, and 15
serum samples from patients with non-malignant diseases. The expression of piRNAs was determined using quantitative
real-time PCR.

Results Both piR-34536 and piR-51810 were downregulated in ccRCC compared to non-malignant renal tissue. Decreased
tissue piRNA levels were significant and independent predictors of shortened progression-free, cancer-specific and overall
survival of ccRCC patients. The piRNA levels in serum did not differ in ccRCC patients and control subjects.

Conclusions The expression of piR-34536 and piR-51810 in ccRCC tissues may be used as prognostic biomarkers in ccRCC.
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Introduction are histologically benign [3]. Unfortunately, after curative

treatment, such as radical or partial nephrectomy, up to 30%

Renal cell carcinoma (RCC) is a common malignancy, rep-
resenting 2-3% of all cancers, with an increasing incidence
over the last decades [1]. Clear cell renal cell carcinoma
(ccRCC) is the most frequent histological RCC subtype,
with a worse prognosis compared to papillary or chromo-
phobe RCC [2]. Despite diagnostic advances in recent years,
especially improved imaging techniques, a significant pro-
portion of renal masses removed for suspected malignancy
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of patients with localized RCC develop recurrence within
5 years [4]. The prognosis is poor for patients with meta-
static RCC; the 5-year survival rate after diagnosis is only
8% [5]. Predictive factors are essential to guide individual-
ized management; however, biomarkers are not yet available
for daily routine [6]. Novel biomarkers for ccRCC patients
are, therefore, urgently warranted.

Small non-coding RNAs (sncRNA) such as microRNA,
tRNA, rRNA, snoRNA and YRNA have attracted interest of
cancer biomarker researchers within the last decade. Several
sncRNAs have specific functions in oncogenesis and cancer
progression [7]. In recent years, a novel class of sncRNA,
P-element induced wimpy testis (PIWI)-interacting RNA
(piRNA) has been recognized. The piRNAs interact with
the PIWI protein family and are implicated in gene regula-
tion and silencing [8]. Moreover, a number of piRNAs are
located in mitochondria and differently distributed in vari-
ous cancer cells [9]. According to a database of small RNA
sequencing in human cancer diseases (http://ngs.ym.edu.tw/
ym500/), some piRNAs are reported dysregulated in ccRCC

@ Springer


http://orcid.org/0000-0002-7526-0857
http://ngs.ym.edu.tw/ym500/
http://ngs.ym.edu.tw/ym500/
http://crossmark.crossref.org/dialog/?doi=10.1007/s00345-018-2575-1&domain=pdf

1640

World Journal of Urology (2019) 37:1639-1647

tissues [10]. Among them, piR-34536 and piR-51810 are
derived from mitochondrial DNA. In this study, we investi-
gated the expression profile of these two piRNAs in a ccRCC
cohort to evaluate the diagnostic and prognostic potential
utility of mitochondrial piRNAs.

Materials and methods
Sample collection

Serum and tissue samples were collected prospectively in
our institutional biobank at the CIO Cologne-Bonn from
patients with renal tumors treated with partial or radi-
cal nephrectomy. Tissues were fresh frozen and stored at
— 80 °C until use. All samples were reviewed by an expe-
rienced uro-pathologist to ensure a fraction of at least 80%
tumor cells in the investigated specimens and to confirm
stage and grade. Serum samples were collected from patients
with ccRCC; samples from patients with non-malignant
urological diseases (benign prostate hyperplasia or uri-
nary incontinence) were used as control. Blood was drawn
preoperatively in Serum S-Monovette gel tubes with clotting

activator. Serum was collected and stored in cryotubes at
—380°C.

In total, 193 RNA samples (118 ccRCC, 75 normal)
from tissues and 45 RNA samples (30 ccRCC, 15 normal)
from serum were studied. The samples were selected ran-
domly from the biobank. Follow-up information of revis-
iting patients was obtained from the hospital information
system. Survival data were available for a subset of 105
ccRCC patients with a mean follow-up time of 35.7 (range
1-146) months. The clinicopathological information of the
patients recruited for this study is provided in Table 1. The
study was approved by the ethic committee of University
Bonn.

RNA isolation

Total RNA was isolated from 50 mg renal tissue using
the mirVana miRNA Isolation Kit (Ambion) and treated
twice with deoxyribonuclease (DNA-free Kit, Ambion) as
described before [11]. Serum RNA was isolated as pub-
lished earlier using the mirVana Paris-Kit (Ambion) from
400 pl serum [12]. All procedures were performed accord-
ing to the manufacturers’ recommendations. RNA quantity
was measured using a NanoDrop 2000 spectrophotometer

Table 1 Summary of
clinicopathological parameters

Tissue cohort

Serum cohort

of the study cohorts ccRCC Control ccRCC Control
N=118 (%) N=T75 (%) N=30 (%) N=15 (%)
Gender
Male 81 (68.6) 52 (69.3) 18 (60.0) 7 (46.7)
Female 37 (31.4) 23 (30.7) 12 (40.0) 8(53.3)
Age
Mean (range) 65.5 (36-89) 63.4 (35-89) 63.2 (42-82) 59.9 (41-79)
TNM stage Not applicable Not applicable
T1 68 (57.6) 15 (50.0)
T2 10 (8.5) 0(0)
T3 37 (31.4) 15 (50.0)
T4 3(2.5) 0(0)
Distant metastasis/M 1 17 (14.4) 1(3.3)
Stage grouping Not applicable Not applicable
Stage I 62 (52.5) 15 (50.0)
Stage 11 7(5.9) 00
Stage 11T 30 (25.4) 15 (50.0)
Stage IV 19 (16.1) 0 (0)
ISUP grade Not applicable Not applicable
Grade 1 12 (10.2) 1(3.3)
Grade 2 81 (68.6) 25 (83.3)
Grade 3 19 (16.1) 4(13.3)
Grade 4 6(5.1) 0 (0)
Recurrence 29 (24.6) Not applicable 0(0) Not applicable
Death from cancer 16 (13.6) Not applicable 0(0) Not applicable
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(Thermo Scientific) and RNA integrity was confirmed by
gel electrophoresis.

Quantitative real-time PCR

cDNA was synthesized with 500 ng RNA using the miScript
II RT Kit (Qiagen, Hilden, Germany). Quantitative real-
time PCR (qQRT-PCR) was performed with 1 ng/pl cDNA
(tissue) or 1 pl (serum) cDNA template using Qiagen miS-
cript SYBR Green PCR technology (Hilden, Germany).
Pre-designed Qiagen miScript Primer Assays were used
to quantify the reference gene SNORD43 (MS00007476)
and RNU6-2 (MS00033740); custom-made miScript
Primer Assays were used for the target genes piR-34536
(YCP0032199) and piR-51810 (YCP0032205). The Quant-
Studio 5 real-time PCR system was used to incubate the PCR
mixture at 95 °C for 15 min, and then 40 cycles at 94 °C for
155, 55 °C for 30 s and 70 °C for 30 s. Relative piRNA lev-
els were calculated using RNU6-2 and SNORDA43 for both
tissue and serum samples as endogenous reference genes,
with QuantStudio 3D Analysis Suite Cloud software.

Statistical analysis

All statistical analyses were performed with SPSS Statis-
tics v22 (IBM, Ehningen, Germany). The Mann—Whitney U
test was used to compare the piRNA expression with clin-
icopathological parameters. The area under curve (AUC)
of the receiver operating characteristic (ROC) curves was
employed to estimate the discriminative sensitivity and spec-
ificity of piRNA expression. To determine the optimal cutoff,
the Youden index based on ROC curves was calculated for
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each variable. For survival analysis, Kaplan—Meier curves,
log-rank test and Cox proportional regression analysis were
applied. Statistical significance was considered at p < 0.05.

Results
Diagnostic relevance of piRNA expression

The expression levels of both piR-34536 and piR-51810
were significantly decreased in ccRCC compared to normal
tissue (both p <0.001). The ROC analyses indicated that
they had a diagnostic potential with an AUC of 0.815 (95%
CI 0.751-0.875) for piR-34536, and AUC of 0.829 (95% CI
0.765-0.892) for piR-51810. The Youden index was applied
to select the optimum cutoff point: piR-34536 had a sensitiv-
ity of 78.0% and a specificity of 78.1%, piR-51810 achieved
a sensitivity of 85.6% and a specificity of 71.2%; see Fig. 1.

The circulating piRNA levels were measured in serum.
Both piR-34536 and piR-51810 were detectable in serum.
However, we did not observe significant differences between
ccRCC patients and the control subjects (Fig. 2).

Prognostic relevance of piRNA expression

We also analyzed the association of piRNA expression in
tissue with clinicopathological characteristics. piR-51810
was significantly decreased (p =0.003) in primary tumors
of patients with metastatic ccRCC compared to patients
with non-metastatic ccRCC (cMO); see Fig. 3. Given the
small number of patients staged pT2 (n=10) and pT4
(n=3), we decided to combine pT1 and pT2, as well as
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g.1 The expression of piR-34536 (p <0.001) and piR-51810 (p <0.001) is decreased in ccRCC compared to normal renal (CTRL) tissues
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Fig.2 The levels of circulating
piRNAs are similar in serum of
patients with ccRCC compared
to patients with non-malignant
urological diseases (CTRL).
piR-34536 p=0.092; piR-51810 60.0-
p=0.268
O
0
™
0
<
&
‘s 40.07
Y
o
c
2
n
n
(]
L
Q.
>
W 200
0

T
CTRL

pT3 and pT4 patients for the correlation of pT-stage with
piRNA expression levels. Neither stage nor grade was cor-
related with piRNA expression levels (all p > 0.05).

To determine the relevance of piRNA expression as a
prognostic parameter, we correlated piRNA expression
levels with progression-free survival (local relapse or
novel metastasis as endpoints), cancer-specific survival
and overall survival. In general, lower levels of piR-
34536 or piR-51810 were associated with a significant
(all p <0.05) shorter progression-free, cancer-specific
as well as overall survival period (see Fig. 4). Univari-
ate Cox regression analyses indicated that both piR-34536
and piR-51810 were significant prognostic factors for pro-
gression-free, cancer-specific and overall survival. For the
multivariate cox regression analysis, we used model 1 for
piR-34536 and model 2 for piR-51810; both models were
adjusted to age, pT-stage, M-stage and pathological grade,
respectively. Except piR-34536, which failed to predict
independently in progression-free survival, the studied
piRNAs retained their prognostic value in the multivariate
models for prediction of patients’ survival. See Tables 2,
3 and 4.
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Discussion

PIWI proteins themselves have been extensively studied
in cancer before [13] and recent studies focused on the
biological function of piRNA or piRNA/PIWI complexes
in human cancers. It is expected that the dysregulation of
piRNAs may contribute to the inhibition of tumor sup-
pressor genes or oncogenes by targeting mRNA transcripts
[14]. Additionally, piRNAs are able to induce aberrant
DNA methylation at special gene sites, thereby leading to
changed phenotypes of cancer cells [15]. Moreover, piR-
NAs can also activate gene expression by upregulation
of H3K4me3 and inhibition of H3K27me3 [16]. Finally,
piRNAs have also been linked to several cellular func-
tions including cell cycle regulation and DNA synthesis
[8], which are crucial for proliferation. Mitochondrial dys-
function plays a key role in tumorigenesis of RCC and
the expression of PIWI proteins or piRNAs derived from
mitochondria might also alter during cancer progression
[9, 17]. Aberrant piRNA expression has been identified
in various tumors including breast cancer, gastric cancer,
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Fig.3 The expression level of
piRNAs in tissues was lower in 3.0
M1 vs. MO disease (piR-34536 ' .
p=0.139; piR-51810 p=0.003)
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liver cancer, pancreatic cancer, multiple myeloma and
lung cancer in a tissue-specific pattern [18]. Previous stud-
ies on piRNAs in ccRCC reported upregulation of piR-
32051, piR-39894 and piR-43607, whereas other piRNAs
like piR-823, piR-38756, piR-57125, and piR-30924 were
downregulated in tumor tissues [19-21]. In this study, our
interest focused on piR-34536 and piR-51810, which are
both derived from mitochondria. Mitochondrial piRNAs
are most likely derived from mitochondrial tRNAs and
probably associated with stress responses [9]. In agree-
ment with the finding of downregulated piR-34536 and
piR-51810 in ccRCC, our earlier study also demonstrated
lower levels of stress-induced tRNA-halves in ccRCC
[12]. Interestingly, a previous study identified increased
expression of three piRNAs from the same piRNA clus-
ter on chromosome 17 in ccRCC [19], thereby indicating
that piRNAs within the same cluster sequence may have a
similar expression pattern, whereas piRNAs from differ-
ent clusters may differ in expression in one specific tissue.

In our study, patients with synchronous metastases had
significantly lower levels of piR-51810. Unfortunately, our
cohort did not allow drawing meaningful conclusions on
piR-51810 in patients who developed metachronous metas-
tases. However, we assume that piR-51810 is an independ-
ent prognostic biomarker because piRN-51810 expression

1 1
m MO M

levels still predicted the outcomes like progression-free,
cancer-specific and overall survival in the multivariate
models which included pT-stage, M-stage and pathological
grade. The relevance of piR-34536 as prognostic marker is
less clear: although piR-34536 was a significant predictor
for progression-free, cancer-specific and overall survival
in the univariate model, it lost its predictive value in the
multivariate model for the prediction of progression-free
survival. Nevertheless, piR-34536 was still predictive for
cancer-specific and overall survival in the multivariate Cox
regression analyses. Taken together, mitochondrial piR-
NAs are attractive biomarker candidates for the prediction
of patients’ outcome following nephrectomy. Furthermore,
other researchers also reported a prognostic relevance for
several other piRNAs (e.g., piR-30924 and piR-57125 [20];
pi-823 [21]; piR-32051, piR-39894, piR-43607 [19]); thus,
future systematic analysis of the piRNAs class may reveal
other interesting molecular biomarkers for the prediction of
ccRCC patients’ outcome.

Besides, piRNAs are very stable molecules in circulation
and have the ability to resist quick degradation in various
conditions [22]. One study reported increased piR-823 lev-
els in serum and urine samples from RCC patients, which
was in contrast to differences they found in tissue samples
[21]. In our study, no significant difference was found in
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Fig.4 Kaplan—Meier estimates of piRNAs expression in ccRCC tissue for progression-free survival, cancer-specific survival and overall survival
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Table 2 Cox regression analyses of progression-free survival

Univariate Multivariate model 1 Multivariate model 2

P HR (95% CI) P HR (95% CI) P HR (95% CI)
Age 0.595 1.009 (0.976-1.043) 0.539 1.011 (0.977-1.046) 0.503 1.012 (0.978-1.047)
T1/2 vs. T3/4 <0.001 0.227 (0.104-0.496) 0.027 0.359 (0.144-0.892) 0.018 0.342 (0.141-0.830)
MO vs. M1 <0.001 0.096 (0.045-0.206) <0.001 0.136 (0.053-0.353) <0.001 0.175 (0.066-0.463)
Grades 1/2 vs. 3/4 0.005 0.331 (0.153-0.715) 0.925 0.957 (0.377-2.426) 0.639 0.805 (0.325-1.994)
piR-34536 0.047 0.455 (0.209-0.989) 0.244 0.620 (0.277-1.385)
> cutoff vs. < cutoff
piR-51810 0.002 0.308 (0.145-0.654) 0.043 0.431 (0.190-0.975)

> cutoff vs. < cutoff

Statistically significant results are shown in bold

Table 3 Cox regression analyses of cancer-specific survival

Univariate Multivariate model 1 Multivariate model 2

P HR (95% CI) P HR (95% CI) P HR (95% CI)
Age 0.029 1.063 (1.006-1.123) 0.024 1.080 (1.010-1.156) 0.022 1.071 (1.010-1.137)
T1/2 vs. T3/4 0.065 0.383 (0.138-1.063) 0.957 1.035 (0.295-3.631) 0.717 0.808 (0.255-2.557)
MO vs. M1 <0.001 0.133 (0.048-0.368) 0.006 0.124 (0.029-0.542) 0.011 0.173 (0.045-0.670)
Grades 1/2 vs. 3/4 0.022 0.286 (0.098-0.835) 0.769 0.811 (0.200-3.290) 0.955 0.961 (0.239-3.867)
piR-34536 0.017 0.215 (0.060-0.764) 0.011 0.189 (0.052-0.682)
> cutoff vs. < cutoff
piR-51810 0.006 0.220 (0.075-0.646) 0.033 0.287 (0.091-0.906)

> cutoff vs. < cutoff

Statistically significant results are shown in bold

Table 4 Cox regression analyses of overall survival

Univariate Multivariate model 1 Multivariate model 2

p HR (95% CI) p HR (95% CI) P HR (95% CI)
Age 0.021 1.054 (1.008-1.102) 0.008 1.069 (1.017-1.124) 0.008 1.066 (1.017-1.117)
T1/2 vs. T3/4 0.095 0.485 (0.208-1.135) 0911 1.059 (0.384-2.918) 0.851 0.895 (0.284-2.823)
MO vs. M1 <0.001 0.209 (0.089-0.492) 0.008 0.214 (0.068-0.666) 0.016 0.258 (0.086-0.773)
Grades 1/2 vs. 3/4 0.048 0.395 (0.157-0.994) 0.574 0.721 (0.231-2.254) 0.851 0.895 (0.284-2.823)
piR-34536 0.008 0.295 (0.119-0.732) 0.006 0.275 (0.109-0.693)
> cutoff vs. < cutoff
piR-51810 0.001 0.205 (0.084-0.504) 0.002 0.223 (0.087-0.573)

> cutoff vs. < cutoff

Statistically significant results are shown in bold

serum samples between patients with ccRCC and patients
with non-malignant diseases. However, it should be noted
that the number of patients in the serum study was low (45
patients). There is no definitive explanation how piRNAs are
released into circulation and whether these mechanisms are
different in cancer and normal cells. Furthermore, the back-
ground level of serum piRNAs derived from non-malignant
cells may impede recognizing small expression differences.

In summary, we demonstrate that mitochondria-derived
piR-34536 and piR-51810 are potential prognostic biomarker
in ccRCC patients. However, there are still some inherent
limitations in our study: We did not investigate all the mito-
chondrial piRNAs in ccRCC. Furthermore, piR-34536 and
piR-51810 were not measured in non-ccRCC subtypes. It
should also be noted that we isolated RNA from a single
tumor foci (with a diameter of approximately 10 mm); thus,
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intra-tumor heterogeneity is not well represented. Given the
importance of tumor heterogeneity and its clinical relevance
in ccRCC [23, 24], further investigations are still required in
cell and animal models to determine the biological function
and expression pattern of piR-34536 and piR-51810.

Conclusions

Two novel potential prognostic biomarkers were identified
for ccRCC: mitochondrial piR-34536 and piR-51810 levels
provide additional information for the prognosis with regard
to several clinical endpoints and could thereby optimize the
individual treatment and thereby finally improve patients’
survival.

Acknowledgements Chenming Zhao was supported by a scholarship
from the China Scholarship Council (CSC).

Author contributions CZ project development, data collection, manu-
script writing. YT data collection, manuscript editing. DS data collec-
tion, data analysis. MT manuscript writing and editing. MM manuscript
writing and editing. GK project development, manuscript editing. SM
project development, manuscript editing. JE project development, data
analysis, manuscript editing.

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflict of
interest.

Ethical approval All procedures performed in studies involving human
participants were in accordance with the ethical standards of the insti-
tutional and/or national research committee and with the 1964 Helsinki
declaration and its later amendments or comparable ethical standards.

References

1. Ljungberg B, Campbell SC, Choi HY, Jacqmin D, Lee JE, Weikert
S, Kiemeney LA (2011) The epidemiology of renal cell carci-
noma. Eur Urol 60(4):615-621. https://doi.org/10.1016/j.eurur
0.2011.06.049

2. Capitanio U, Cloutier V, Zini L, Isbarn H, Jeldres C, Shariat SF,
Perrotte P, Antebi E, Patard JJ, Montorsi F, Karakiewicz PI (2009)
A critical assessment of the prognostic value of clear cell, pap-
illary and chromophobe histological subtypes in renal cell car-
cinoma: a population-based study. BJU Int 103(11):1496-1500.
https://doi.org/10.1111/j.1464-410X.2008.08259.x

3. Johnson DC, Vukina J, Smith AB, Meyer AM, Wheeler SB,
Kuo TM, Tan HJ, Woods ME, Raynor MC, Wallen EM, Pruthi
RS, Nielsen ME (2015) Preoperatively misclassified, surgically
removed benign renal masses: a systematic review of surgical
series and United States population level burden estimate. J Urol
193(1):30-35. https://doi.org/10.1016/j.juro.2014.07.102

4. Dabestani S, Marconi L, Kuusk T, Bex A (2018) Follow-up after
curative treatment of localised renal cell carcinoma. World J Urol.
https://doi.org/10.1007/s00345-018-2338-z

@ Springer

10.

11.

12.

14.

15.

16.

17.

18.

19.

20.

21.

Choueiri TK, Motzer RJ (2017) Systemic therapy for metastatic
renal-cell carcinoma. N Engl J Med 376(4):354-366. https://doi.
org/10.1056/NEJMral601333

Klatte T, Rossi SH, Stewart GD (2018) Prognostic factors and
prognostic models for renal cell carcinoma: a literature review.
World J Urol. https://doi.org/10.1007/s00345-018-2309-4
Sullenger BA, Nair S (2016) From the RNA world to the clinic.
Science 352(6292):1417-1420. https://doi.org/10.1126/scien
ce.aad8709

Ng KW, Anderson C, Marshall EA, Minatel BC, Enfield KS, Sap-
runoff HL, Lam WL, Martinez VD (2016) Piwi-interacting RNAs
in cancer: emerging functions and clinical utility. Mol Cancer
15:5. https://doi.org/10.1186/s12943-016-0491-9

Kwon C, Tak H, Rho M, Chang HR, Kim YH, Kim KT, Balch
C, Lee EK, Nam S (2014) Detection of PIWI and piRNAs in
the mitochondria of mammalian cancer cells. Biochem Bio-
phys Res Commun 446(1):218-223. https://doi.org/10.1016/j.
bbrc.2014.02.112

Chung IF, Chang SJ, Chen CY, Liu SH, Li CY, Chan CH,
Shih CC, Cheng WC (2017) YM500v3: a database for small
RNA sequencing in human cancer research. Nucleic Acids Res
45(D1):D925-D931. https://doi.org/10.1093/nar/gkw 1084
Blondeau JJ, Deng M, Syring I, Schrodter S, Schmidt D, Perner
S, Muller SC, Ellinger J (2015) Identification of novel long non-
coding RNAs in clear cell renal cell carcinoma. Clin epigenet
7:10. https://doi.org/10.1186/s13148-015-0047-7

Zhao C, Tolkach Y, Schmidt D, Kristiansen G, Muller SC, Ellinger
J (2018) 5'-tRNA halves are dysregulated in clear cell renal cell
carcinoma. J Urol 199(2):378-383. https://doi.org/10.1016/j.
juro.2017.07.082

. Suzuki R, Honda S, Kirino Y (2012) PIWI expression and func-

tion in cancer. Front Genet 3:204. https://doi.org/10.3389/fgene
.2012.00204

Watanabe T, Lin H (2014) Posttranscriptional regulation of gene
expression by Piwi proteins and piRNAs. Mol Cell 56(1):18-27.
https://doi.org/10.1016/j.molcel.2014.09.012

Fu A, Jacobs DI, Hoffman AE, Zheng T, Zhu Y (2015) PIWI-
interacting RNA 021285 is involved in breast tumorigenesis
possibly by remodeling the cancer epigenome. Carcinogenesis
36(10):1094-1102. https://doi.org/10.1093/carcin/bgv105

Yin H, Lin H (2007) An epigenetic activation role of Piwi and
a Piwi-associated piRNA in Drosophila melanogaster. Nature
450(7167):304-308. https://doi.org/10.1038/nature06263

Yang OC, Maxwell PH, Pollard PJ (2013) Renal cell carcinoma:
translational aspects of metabolism and therapeutic consequences.
Kidney Int 84(4):667-681. https://doi.org/10.1038/ki.2013.245
Martinez VD, Vucic EA, Thu KL, Hubaux R, Enfield KS, Pikor
LA, Becker-Santos DD, Brown CJ, Lam S, Lam WL (2015)
Unique somatic and malignant expression patterns implicate
PIWI-interacting RNAs in cancer-type specific biology. Sci Rep
5:10423. https://doi.org/10.1038/srep10423

LiY, Wu X, Gao H, JinJM, Li AX, Kim YS, Pal SK, Nelson RA,
Lau CM, Guo C, Mu B, Wang J, Wang F, Wang J, Zhao Y, Chen
W, Rossi JJ, Weiss LM, Wu H (2015) Piwi-interacting RNAs
(piRNAs) are dysregulated in renal cell carcinoma and associ-
ated with tumor metastasis and cancer-specific survival. Mol Med
21:381-388. https://doi.org/10.2119/molmed.2014.00203
Busch J, Ralla B, Jung M, Wotschofsky Z, Trujillo-Arribas E,
Schwabe P, Kilic E, Fendler A, Jung K (2015) Piwi-interacting
RNAs as novel prognostic markers in clear cell renal cell carcino-
mas. J Exp Clin Cancer Res 34:61. https://doi.org/10.1186/s1304
6-015-0180-3

Iliev R, Fedorko M, Machackova T, Mlcochova H, Svoboda M,
Pacik D, Dolezel J, Stanik M, Slaby O (2016) Expression levels
of PIWI-interacting RNA, piR-823, are deregulated in tumor tis-
sue, blood serum and urine of patients with renal cell carcinoma.


https://doi.org/10.1016/j.eururo.2011.06.049
https://doi.org/10.1016/j.eururo.2011.06.049
https://doi.org/10.1111/j.1464-410X.2008.08259.x
https://doi.org/10.1016/j.juro.2014.07.102
https://doi.org/10.1007/s00345-018-2338-z
https://doi.org/10.1056/NEJMra1601333
https://doi.org/10.1056/NEJMra1601333
https://doi.org/10.1007/s00345-018-2309-4
https://doi.org/10.1126/science.aad8709
https://doi.org/10.1126/science.aad8709
https://doi.org/10.1186/s12943-016-0491-9
https://doi.org/10.1016/j.bbrc.2014.02.112
https://doi.org/10.1016/j.bbrc.2014.02.112
https://doi.org/10.1093/nar/gkw1084
https://doi.org/10.1186/s13148-015-0047-7
https://doi.org/10.1016/j.juro.2017.07.082
https://doi.org/10.1016/j.juro.2017.07.082
https://doi.org/10.3389/fgene.2012.00204
https://doi.org/10.3389/fgene.2012.00204
https://doi.org/10.1016/j.molcel.2014.09.012
https://doi.org/10.1093/carcin/bgv105
https://doi.org/10.1038/nature06263
https://doi.org/10.1038/ki.2013.245
https://doi.org/10.1038/srep10423
https://doi.org/10.2119/molmed.2014.00203
https://doi.org/10.1186/s13046-015-0180-3
https://doi.org/10.1186/s13046-015-0180-3

World Journal of Urology (2019) 37:1639-1647

1647

22.

23.

Anticancer Res 36(12):6419-6423. https://doi.org/10.21873/antic
anres.11239

Dietrich D, Meller S, Uhl B, Ralla B, Stephan C, Jung K, Ellinger
J, Kristiansen G (2014) Nucleic acid-based tissue biomarkers of
urologic malignancies. Crit Rev Clin Lab Sci 51(4):173-199.
https://doi.org/10.3109/10408363.2014.906130

Turajlic S, Xu H, Litchfield K, Rowan A, Horswell S, Chambers
T, O’Brien T, Lopez JI, Watkins TBK, Nicol D, Stares M, Chal-
lacombe B, Hazell S, Chandra A, Mitchell TJ, Au L, Eichler-
Jonsson C, Jabbar F, Soultati A, Chowdhury S, Rudman S, Lynch
J, Fernando A, Stamp G, Nye E, Stewart A, Xing W, Smith JC,
Escudero M, Huffman A, Matthews N, Elgar G, Phillimore B,
Costa M, Begum S, Ward S, Salm M, Boeing S, Fisher R, Spain
L, Navas C, Gronroos E, Hobor S, Sharma S, Aurangzeb I, Lall

24.

S, Polson A, Varia M, Horsfield C, Fotiadis N, Pickering L,
Schwarz RF, Silva B, Herrero J, Luscombe NM, Jamal-Hanjani
M, Rosenthal R, Birkbak NJ, Wilson GA, Pipek O, Ribli D,
Krzystanek M, Csabai I, Szallasi Z, Gore M, McGranahan N, Van
Loo P, Campbell P, Larkin J, Swanton C, TRACERx Renal Con-
sortium (2018) Deterministic evolutionary trajectories influence
primary tumor growth: TRACERX renal. Cell 173(3):595-610.
https://doi.org/10.1016/j.cell.2018.03.043

Saeed K, Ojamies P, Pellinen T, Eldfors S, Turkki R, Lundin J,
Jarvinen P, Nisen H, Taari K, af Hallstrom TM, Rannikko A,
Mirtti T, Kallioniemi O, Ostling P (2018) Clonal heterogeneity
influences drug responsiveness in renal cancer assessed by ex vivo
drug testing of multiple patient-derived cancer cells. Int J Cancer.
https://doi.org/10.1002/ijc.31815

@ Springer


https://doi.org/10.21873/anticanres.11239
https://doi.org/10.21873/anticanres.11239
https://doi.org/10.3109/10408363.2014.906130
https://doi.org/10.1016/j.cell.2018.03.043
https://doi.org/10.1002/ijc.31815

	Mitochondrial PIWI-interacting RNAs are novel biomarkers for clear cell renal cell carcinoma
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusions 

	Introduction
	Materials and methods
	Sample collection
	RNA isolation
	Quantitative real-time PCR
	Statistical analysis

	Results
	Diagnostic relevance of piRNA expression
	Prognostic relevance of piRNA expression

	Discussion
	Conclusions
	Acknowledgements 
	References




