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Article info Abstract
Article history: Background: The link between prostate cancer (PCa) development and aberrant ex-
Accepted November 6, 2018 pression of genes located on the Y chromosome remains unclear.

Objective: To identify Y-chromosomal long noncoding RNAs (IncRNAs) with critical
Associate Editor: roles in PCa and to clarify the corresponding mechanisms.

Design, setting, and participants: Aberrantly expressed IncRNAs on the Y chromosome
were identified using transcriptome analysis of PCa clinical samples and cell lines.
Biological functions and molecular mechanisms of the IncRNAs were revealed using in
vitro and in vivo experimental methods.

Outcome measurements and statistical analysis: Experiments and outcome measure-
ments were performed in duplicate or triplicate. Wilcoxon signed-rank test was
Keywords: employed for comparison of RNA levels in clinical cohorts. Analysis of variance was
employed for comparisons among multiple groups.
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CRISPR/ Cas9. Results and limitations: In most patients with PCa, TTTY15 was the most elevated
Long noncoding RNAs IncRNA located on the Y chromosome. Knockout of this IncRNA by two different CRISPR-
Prostate cancer Cas9 strategies suppressed PCa cell growth both in vitro and in vivo. TTTY15 promoted
TTTY15 PCa by sponging the microRNA let-7, consequently increasing CDK6 and FN1 expression.

FOXAT1 is an upstream regulatory factor of TTTY15 transcription.

Conclusions: The Y-chromosomal IncRNA TTTY15 was upregulated in most PCa tissues
and could promote PCa progression by sponging let-7.

Patient summary: We found that TTTY15 levels were frequently elevated in prostate
cancer (PCa) tissues compared with those in paracancerous normal tissues in a large group
of PCa patients, and we observed a tumour suppressive effect after TTTY15 knockout using
CRISPR/Cas9. These results may have therapeutic implications for PCa patients.
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1. Introduction

Prostate cancer (PCa) is one of the most common malignant
tumours worldwide [1-4]. With the progress in research
technology, an increasing number of genetic factors have
been shown to be involved in the generation and progres-
sion of PCa [5-11]. However, the role of Y-chromosome-
located factors in PCa development remains largely
unknown.

As the only male-determining chromosome, the Y
chromosome plays important roles in the development
of male-specific organs and may be involved in many male-
specific diseases, such as PCa. Y-chromosome-located
factors may be potential gene therapy targets with unique
advantage for the future treatment of PCa, because Y
chromosome is haploid and has much higher efficiency for
genome-editing strategy than other chromosomes. The
loss of Y-chromosomal factors may have limited side
effects on the whole body because women survive
healthily without these factors. Identification of Y-chro-
mosomal factors with critical roles in PCa may not only
improve our understanding of PCa development, but also
further enable diagnosis or treatment of this disease [12-
15]. However, the overall function of the Y chromosome as
well as that of its resident genes in PCa remains
controversial [16,17].

In recent years, IncRNAs have been shown to play
important roles in many physiological and pathological
conditions, including PCa [18,19]. Although some IncRNAs
have been reported to participate in PCa generation and
progression, such as SChLAP1 [20], HOTAIR [21], PCA3 [22],
PCAT1 [23], NEAT1 [24], and CTBP1-AS [25], IncRNAs
located on the Y chromosome have not been systematically
studied in PCa.

In the current study, we found that the Y-chromosomal
IncRNA TTTY15 was upregulated in most PCa tissues and
could promote PCa progression by sponging let-7. We also
identified FOXA1 as an upstream transcription factor (TF) of
TTTY15.

2. Patients and methods
2.1. Patients and specimens

All specimens were obtained and handled using standard protocols in
Changhai Hospital after obtaining informed consent from the patients.
The pairs of matched tumour and normal tissues were used for
transcriptome analysis and quantitative reverse transcription polymer-
ase chain reaction (qRT-PCR) validation. A tissue microarray (TMA) was
constructed using archived pathological formalin-fixed, paraffin-em-
bedded specimens.

2.2, Construction of the TTTY15 knockout cell model

Two strategies for TTTY15 knockout (KO) mediated by the CRISPR/Cas9
system were designed. The first was a CRISPR/Cas9-based TTTY15 cut-
off strategy, which is shown in Fig. 1A. The second involved the
insertion of a terminator sequence mediated by CRISPR/Cas9, as shown
in Fig. 2A.

2.3. Animal studies

Briefly, 3 x 10 PCa cells subjected to various treatments were subcuta-
neously injected into 4-wk-old male nude mice. All procedures adhered
to the guidelines of the Animal Care and Use Committee of the Second
Military Medical University, Shanghai, China.

24. Statistics

Statistical analyses were conducted using SPSS version 21.0 software, and
graphs were generated using GraphPad Prism 6.0 software.

2.5. Detailed experimental methods and materials

Detailed descriptions of the experimental procedures and statistical
analyses are presented in Supplementary material.

3. Results

3.1. Expression of the Y chromosome-transcribed IncRNA
TTTY15 is frequently elevated in PCa

We previously established a transcriptome database using
65 pairs of tumour and normal tissues from Chinese PCa
patients [26], and thus, here, we employed this database to
first analyse all the IncRNAs located on the Y chromosome
based on the fold changes and found that TTTY15 showed
the greatest expression increase in PCa tissues compared
with paired control tissues (Fig. 3A). In addition, TTTY15
levels were frequently elevated in PCa tissues compared
with those in paracancerous normal tissues (Fig. 3B), which
was further validated in additional 35 pairs of PCa tumour
and normal tissues by qRT-PCR (Fig. 3C). In addition, the
change in TTTY5 expression in PCa was not limited to
Chinese patients; increased TTTY15 expression was also
observed in PCa tissues from patients of other ethnicities in
The Cancer Genome Atlas (TCGA; n = 52; Fig. 3D). Further-
more, we performed transcriptome sequencing using an
additional larger clinical sample cohort comprising
145 pairs of PCa tumour and normal samples and observed
increased TTTY15 expression in PCa (Fig. 3E). TTTY15 RNA in
situ hybridisation results from our TMA cohort with
70 tumour samples and 16 normal samples confirmed
the same phenomenon (Fig. 3F).

3.2. TTTY15 promotes PCa cell proliferation and migration

Next, we analysed the potential roles of TTTY15 in PCa in
vitro. Based on publicly available data, we found relatively
high levels of TTTY15 in the prostate compared with those
in most other human tissues (Supplementary Fig. 1). Basal
TTTY15 expression was higher in the tested PCa cell lines
than in the normal prostate cell line RWPE1 (Fig. 4A). After
screening seven siRNAs, we found that si-14 and si-2366
efficiently knocked down TTTY15 expression in PCa cells
(Supplementary Figs. 2A, 2B, and 3A). TITY15 knockdown
(KD) did not have a substantial effect on cell apoptosis
(Supplementary Fig. 2C) but significantly decreased the
proliferation of the PCa cell line DU145, according to CCK-8
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(Fig. 4B) and EdU (Fig. 4C and Supplementary Fig. 2D)
assays, and similar results were observed in the LNCaP cell
line (Supplementary Fig. 3B and 3C). Additionally, si-14 and
si-2366 significantly inhibited the ability of DU145 cells to
form colonies (Fig. 4D). Furthermore, the migration and
invasion of DU145 (Fig. 4E) and LNCaP (Supplementary Fig.
3D) cells were reduced after TTTY15 KD. In contrast, TTTY15
overexpression induced by adenovirus infection increased
the ability of PCa cells, such as DU145 (Fig. 4F and
Supplementary Fig. 2E and 2F) and PC3 (Supplementary
Fig. 4A) cells, to form colonies and increased the prolifera-
tion of PCa cell lines, including DU145 (Fig. 4G and 4H),
LNCaP (Supplementary Fig. 3E and 3F), and PC3 (Supple-
mentary Fig. 4B) cell lines. TTTY15 overexpression also
increased the migration and invasion of DU145 (Fig. 4I),
LNCaP (Supplementary Fig. 3G), and PC3 (Supplementary
Fig. 4C) cells. Thus, TTTY15 promoted the proliferation and
migration of both an androgen receptor (AR)-positive PCa
cell line (LNCaP) and AR-negative cell lines (DU145 and
PC3), and we found that TTTY15 was not androgen
responsive (Fig. 4] and Supplementary Fig. 3H).

3.3. CRISPR-mediated TTTY15 deletion suppresses the tumour
phenotypes of PCa cells

To further investigate the function of TTTY15 in PCa cells, we
employed a KO strategy that is considered reliable for
genotype-phenotype study. We designed a CRISPR strategy
to cleave two sites (Supplementary Fig. 5A-C) and resect the
majority of the TTTY15 sequence (Fig. 1A). We obtained one
positive cell clone, A6, which exhibited the TITY15
resection genotype and decreased TTTY15 RNA expression
levels (Fig. 1B-D) from 30 single-cell clones selected after
transfection, and utilised a TTTY15-unresected cell clone
(B4) as the negative control.

We further found that the proliferation of A6 cells was
decreased compared with that of the parental DU145 and B4
cells (Fig. 1E and Supplementary Fig. 5D and 5E).
Interestingly, A6 cells also showed more scattered growth
(Supplementary Fig. 5F) and reduced migration and
invasion compared with DU145 or B4 cells (Fig. 1F and
1G and Supplementary Fig. 5G and 5H). Additionally, in line
with the KD experiment (Supplementary Fig. 2C), KO of
TTTY15 also exerted a relatively mild effect on cell apoptosis
following H,0, treatment (Supplementary Fig. 6A), but a
higher number of apoptotic cells was observed in the
docetaxel setting (Supplementary Fig. 6B). More interest-
ingly, the results of several animal studies showed that the
growth of tumours derived from A6 cells was substantially
reduced compared with that of tumours derived from

control cells (Fig. 1H and 11, and Supplementary Fig. 6C).
Moreover, identification of A6 cells was authenticated by
short tandem repeat profiling, and they showed maximum
similarity with DU145 cells (Supplementary Fig. 6D). In
rescue experiments, we found that cell growth (Fig. 1J-L),
migration, and invasion (Fig. 1M) were all significantly
restored after overexpression of TTTY15 via adenovirus
infection compared with the controls. Furthermore, in vivo
experiments showed increased growth of tumours derived
from TTTY15-overexpressing A6 cells (Fig. 1N).

34. Use of a novel CRISPR strategy for IncRNA KO indicates a
role for TTTY15 in promoting PCa

To exclude unexpected effects of TTTY15 KO employing the
large segment deletion strategy, we further invented a novel
CRISPR strategy for IncRNA KO by knocking a “transcription
terminator” sequence into the site immediately following
the transcription start site through a nonhomologous end-
joining mechanism (Fig. 2A). We successfully obtained four
TTTY15-KO cell clones from 10 selected single-cell clones, as
determined by genome PCR and Sanger sequencing (Fig. 2B-
-D) as well as RT-PCR analysis (Fig. 2E). Based on these data,
we confirmed that TTTY15 was knocked out through this
strategy.

Then, we explored the phenotypic differences between
these TTTY15 KO clones (TKO2 and TKO8) and control
DU145 cells. Consistent with the A6 cell results, TKO2 and
TKOS8 cells also exhibited reduced cell growth (Fig. 2F),
migration, and invasion (Fig. 2G and Supplementary Fig. 7F).
Additionally, xenografts in mice derived from TKO2 and
TKOS8 cells showed substantially reduced growth compared
with that of the control cells (Fig. 2H). Similarly, over-
expression of TTTY15 in TKO2 and TKOS cells increased cell
proliferation (Fig. 21 and 2], and Supplementary Fig. 7A, 7D,
and 7E), migration, and invasion (Fig. 2K and 2L, and
Supplementary Fig. 7B, 7C, 7G, and 7H).

3.5. TTTY15 promotes PCa progression by sponging let-7 and
upregulating CDK6 and FN1

To explore the mechanism underlying the cancer-promot-
ing effect of TTTY15, we first determined via RNAscope
hybridisation and nuclear plasma separation that TTTY15
was located mainly in the cytoplasm (Fig. 5A and B). Then,
we explored whether TTTY15 functions as a competing
endogenous RNA (ceRNA) in PCa cells, as reported in our
previous study [27,28]. Using miRDB [29] and miRanda
software [30], 12 microRNAs (miRNAs) were predicted as
candidate targets of TTTY15 (Supplementary Fig. 8A and 8B)

*p < 0.05 and **p < 0.01, repeated measures ANOVA (n = 3). (F) Transwell migration assay using TTTY15 knockout DU145 cells. Clone A6 is the TTTY15
knockout DU145 single-cell clone; B4 is the DU145 single-cell clone in which TTTY15 knockout failed. (G) Statistical analysis of the results is shown in
(F). **p < 0.01, t test (n=3). (H and I) Xenograft experiments showed reduced growth of clone A6 in nude mice. (J) TTTY15 was significantly increased
after infection with TTTY15 adenovirus. (K) Cell proliferation was assessed after TTTY15 overexpression in Clone A6 using a CCK-8 kit. *p < 0.05 and

**p < 0.01, repeated measures ANOVA (n = 3). (L) Clonogenic assay after TTTY15 overexpression in clone A6 (n = 3). (M) Transwell migration and invasion
assays after TTTY15 overexpression in clone A6. *p < 0.05 and **p < 0.01, ANOVA (n = 3). (N) Xenograft experiments showed restoration of the growth of
clone A6 after TITY15 overexpression in nude mice. ANOVA = analysis of variance; PCR = polymerase chain reaction; qRT-PCR = quantitative reverse
transcription polymerase chain reaction; SD = standard deviation. (Note to readers: Figure 1F was updated post-acceptance).
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*p < 0.05 and **p < 0.01, repeated measures ANOVA (n = 3). (G) Migration and invasion of TKO2 and TKOS cells was determined using Transwell assays.
*p < 0.05 and **p < 0.01, ANOVA (n = 3). (H) Xenografts of a novel TTTT15 KO cell model showed reduced growth. (I) Cell proliferation was assessed
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Representative images are shown. ANOVA = analysis of variance; KO = knockout; PCR = polymerase chain reaction; qRT-PCR = quantitative reverse
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The left panel shows the representative images of TTTY115 staining after probes were hybridised to the tissue sections. The semiquantitative analysis
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and were then confirmed with a dual luciferase reporter dance in PCa cells and tissues. The levels of TTTY15 in the
assay (Fig. 5C). In addition, inhibition of TTTY15 expression PCa cell lines DU145, C42-B, and LNCaP varied from 29 to
by these miRNA mimics in DU145 cells suggested that these 136 copies per cell, and the levels in the normal prostate cell
miRNAs were “sponged” by TTTY15 (Fig. 5D). line RWPE1 and the TTTY15 KO cell line A6 was nearly

Next, we assessed the ceRNA hypothesis through 0 copies per cell (Fig. 5E). Based on TCGA BCGSC miRNA
quantitative measurement of TITY15 and miRNA abun- profiling data (n=551) and our absolute quantification
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assays for representative miRNAs, we finally found that let-
7a, let-7b, let-7¢, and let-7f among the candidate miRNAs
were expressed at levels similar to those of TTTY15 in PCa
tissues and cells, while other miRNAs, such as let-7d, were
expressed at much lower levels and therefore may not to be
affected by the TTTY15 “sponge” activity (Fig. 5F and 5G, and
Supplementary Fig. 8C). Thus, the let-7 family members let-
7a,let-7b, let-7c, and let-7f represent the key miRNAs in this
ceRNA network.

We then tested the expression levels of 22 reported let-
7 targets, and found that most were decreased after
TTTY15 KO (Fig. 5H) and increased after TTTY15 over-
expression in A6 cells (Fig. 5I). Among these targets, CDK6
and FN1 were selected for further validation, and they
showed decreased expression in TKO2 and TKOS8 cells as
well (Fig. 5]). Moreover, transfection with let-7 mimics
significantly downregulated CDK6 and FN1 expression
(Fig. 5K). At the protein level, CDK6 and FN1 levels were
decreased after TTTY15 KD (Fig. 5L) and KO (Fig. 5M).
Additionally, overexpression of a TTTY15-Mut plasmid
encoding mutated let-7 binding site had little effect on
CDK6 and FN1 expression (Fig. 5N and Supplementary Fig.
8B). Gene set enrichment analysis showed that genes
affected by let-7 miRNA family was negatively enriched
with TTTY15 KO (Fig. 50). These data supported the
hypothesis that TTTY15 could promote PCa progression by
sponging let-7.

3.6. FOXAT1 is an upstream regulatory TF of TTTY15 in PCa cells

We first confirmed that the DNase I hypersensitive sites and
epigenetic markers of active transcription were enriched in
the promoter region of TTTY15 (Supplementary Fig. 9A). As
TTTY15 was unrelated to AR, as mentioned above, we
explored whether other TFs were involved in TTTY15
regulation. We examined the expression levels of previously
reported PCa-related TFs in TCGA and our cohort (Supple-
mentary Fig. 9B and 9C) and found that only FOXA1 and
HOXB13 were positively correlated with TTTY15 expression
(Fig. 6A and Supplementary Fig. 9E and 9F). Given that only
downregulated FOXA1 could decrease TTTY15 (Fig. 6B) and
its expression levels were significantly increased in PCa
tissues (Fig. 6C and 6D), we focused on FOXA1 for further
study. We then predicted the potential FOXA1 binding sites
in the promoter of TTTY15 (Fig. 6E and Supplementary Fig.
9D) and confirmed their direct binding using ChIP experi-
ments (Fig. 6F). Moreover, FOXA1 overexpression increased
TTTY15 expression in DU145 cells (Fig. 6G). Thus, for the
first time, we have revealed the function and mechanism of
TTTY15 in PCa, which is shown in Fig. 6H.

4. Discussion

The Y chromosome has been reported to play a role in PCa
carcinogenesis [31-34]. Different Y lineages may partially
contribute to the differences in PCa incidence between
American and Asian populations [31]. However, some
researchers have reported evidence against this role of
the Y chromosome in PCa in European populations |
15,35]. Recently, in a study of three large prospective
cohorts, mosaic loss of the Y chromosome (mLOY) showed a
significant association with PCa risk (odds ratio=1.35,
p =0.024) [36]. Therefore, the function of the Y chromo-
some in PCa remains controversial. Our study showed that
the Y chromosome-transcribed IncRNA TITY15 may
participate in PCa development. The vague mLOY may
cause mutation or exchange of TTTY15, which may partially
explain certain observations, indicating that the Y chromo-
some may participate in PCa.

CRISPR-Cas9is a specific and accurate genome editing tool
for basic research, and shows a bright future for clinical
applications [37]. However, due to the relatively low
efficiency of obtaining an IncRNA KO homozygote, very
few IncRNAs have been researched using KO lines, particu-
larly in PCa. Here, we used two CRISPR strategies for KO
TTTY15, and these CRISPR-based results may substantially
improve the reliability of findings showing that TTTY15 plays
roles in PCa. Based on these results, we believe that TTTY15
represents a potentially good CRISPR target for future PCa
treatments. However, our experiments also have limitations.
One problem is the heterogeneity of PCa cells. Although three
TTTY15 KO clones derived from two KO methods were
selected for the function and mechanism studies, the
influence of cell heterogeneity cannot be completely
excluded. Additional studies are warranted.

In the current study, we explored the upstream and
downstream mechanisms of TTTY15 in PCa. FOXAT1 plays an
important role in PCa development, and it can function in an
AR-dependent [7,38] or AR-independent [7,39,40] fashion.
Here, we also showed that TTTY15 regulated by FOXA1 had
roles in both AR-positive and AR-negative PCa cells, which
enhances our understanding of the downstream mecha-
nism of FOXA1l in PCa. In addition, we assessed the
hypothesis that TTTY15 functions as a ceRNA and “sponges”
members of the let-7 family to upregulate FN1 and CDK6
expression in PCa cells. FN1 plays a key role in cancer
metastasis [41,42], and CDK6 regulates cell proliferation |
43]. Therefore, we suggest that TTTY15 connects these
factors into a FOXA1-TTTY15-let-7-FN1/CDK6 network.
Further systematic studies are needed to elucidate the
regulatory mechanisms more comprehensively.

TITY15-overexpressing DU145 cells. The quantitative data are shown under the images. *p < 0.05 and **p < 0.01, t test (n = 3). (G) EdU cell proliferation
assay results measured by flow cytometry in TITY15-overexpressing DU145 cells. (H) Proliferation of TTTY15-overexpressing DU145 cells, determined
using a CCK-8 kit. *p < 0.05 and **p < 0.01, repeated measures ANOVA (n = 3). (I) Transwell migration and invasion assays using TITY15-overexpressing
DU145 cells. Statistical analysis of the results is shown in addition to the images. **p < 0.01, Student t test (n = 3). (J) An androgen-sensitivity assay
using LNCaP cells showed that androgen did not alter TTTY15 expression significantly. TMPRSS2 cells were used as the positive control. RNA levels
were examined by qRT-PCR. Beta-actin was used as the reference. The data are presented as the mean =+ SD. *p < 0.05 and **p < 0.01, ANOVA (n =3).
ANOVA = analysis of variance; PCa = prostate cancer; qRT-PCR = quantitative reverse transcription polymerase chain reaction; SD = standard deviation.
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Fig. 5 - TTTY15 functions as an RNA sponge by binding to let-7 family members to regulate CDK6 and FN1 expression. (A) RNA ISH in DU145 cells
showed that TTTY15 was mainly located in the cytoplasm. (B) Analyses of nuclear and cytoplasmic extracts revealed that approximately two-thirds of
TITY15 were located in the cytoplasm. The data are presented as the mean =+ SD. (C) A dual luciferase reporter assay was performed to test the binding.
*p < 0.05 and **p < 0.01, ANOVA (n = 3). (D) TITY15 expression was downregulated after transfection with representative microRNAs. *p < 0.05 and

**p < 0.01, ANOVA (n = 3). (E) Absolute quantification of TTTY15 expression. The data are presented as the mean + SD (n = 3). (F) Target microRNA
expression in PCa and normal tissues from TCGA dataset (n =551); let-7a, let-7b, let-7c, and let-7f were expressed at higher levels than other miRNAs.
(G) Absolute quantification of let-7a and let-7d levels. The data are presented as the mean + SD (n = 3). (H and I) Expression of genes targeted by the
let-7 family in the TTTY15 KO model and rescue models. *p < 0.05 and **p < 0.01, Student ¢ test (n = 3). (J) Levels of CDK6 and FN1 mRNA in the novel
TITY15 KO models: TKO2 and TKOS8. *p < 0.05 and **p < 0.01, ANOVA (n = 3). (K) Levels of CDK6 and FN1 mRNA after transfection with the
representative microRNA mimics of let-7a and let-7f. *p < 0.05 and **p < 0.01, ANOVA (n = 3). Levels of CDK6 and FN1 protein after (L) siRNA
transfection and (M) TTTY15 KO, as well as (N) after transfection with the TTTY15 overexpression plasmid and TTTY15 mutant overexpression plasmid.
(0) GSEA of all the let-7 target genes predicted by Miranda in TTTY15 knockout DU145 cell lines and control. Both enrichment score (-0.5362785 in
TKO2 vs control,—0.5207912 in TKOS8 vs control) results indicated that gene affected by let-7 miRNA family was found to be negatively enriched with
the knockout of the TTTY15. ANOVA = analysis of variance; GSEA = gene set enrichment analysis; ISH = in situ hybridisation; KO = knockout;

SD = standard deviation; TCGA = The Cancer Genome Atlas.
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Fig. 6 - FOXA1 is an upstream transcription factor of TITY15 in PCa cells. (A) The relationship between TITY15 and FOXA1 expression levels. The data
were mined from TCGA (n = 551). (B) Knockdown of FOXA1 decreased TTTY15 expression. RNA levels were analysed by qRT-PCR. Beta-actin was used as
the reference. The data are presented as the mean + SD. *p < 0.05 and **p < 0.01, ANOVA (n =3). (C and D) FOXA1 levels were evaluated in prostate
cancer samples from both our cohort (65 pairs) and TCGA database (52 pairs). *p < 0.05 and **p < 0.01, Wilcoxon matched-pair signed-rank test. (E)
Putative binding sites for FOXA1 in the TTTY15 promoter region predicted by JASPAR. (F) ChIP-PCR validation of the binding sites. The data are
presented as the mean + SD of three independent experiments. “p < 0.05 and **p < 0.01, ANOVA. (G) TITY15 levels after FOXA1 overexpression. RNA
levels were assessed using qRT-PCR. Beta-actin was used as the reference. The data are presented as the mean + SD. *p < 0.05 and **p < 0.01, ANOVA
(n =3). (H) A schematic representation of the regulatory network. Expression of the IncRNA TTTY15 located on the Y chromosome is upregulated by
increased FOXAT1 levels and then serves as a ceRNA by binding to microRNAs of the let-7 family. Sequestration of let-7 family members potentially
upregulates the expression of oncogenes, such as CDK6 and FN1, which might support prostate cancer progression. ANOVA = analysis of variance;
ceRNA = competing endogenous RNA; IncRNA = long noncoding RNA; PCa = prostate cancer; PCR = polymerase chain reaction; qRT-PCR = quantitative
reverse transcription polymerase chain reaction; SD = standard deviation; TCGA = The Cancer Genome Atlas.

5. Conclusions promoted PCa progression by acting as a ceRNA to sponge

let-7, and tumour growth arrest was revealed after TTTY15
In summary, we found that the Y chromosome IncRNA KO using our CRISPR/Cas9 strategies. As a monoallele on the
TTTY15 was upregulated in most PCa samples. TTTY15 Y chromosome, this gene has a unique advantage for gene



EUROPEAN UROLOGY 76 (2019) 315-326 325

editing therapy, and thus, TTTY15 may have therapeutic
implications for some PCa patients.
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