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Long Non-Coding Mitochondrial 
RNAs as Novel Molecular Target for 
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Abstract

Bladder cancer (BC) is the sixth most common cause of cancer; BC risk increases 
with age and is more common among men than women. Upon diagnosis, the 5-year 
relative survival rate for patients is approximately 77%. The treatment options 
available for bladder cancer include chemotherapy, radiation therapy, immuno-
therapy, targeted therapy, and surgery. Despite the advances in therapeutically novel 
approaches, BC remains an important problem of public health. Long non-coding 
RNA (lncRNA) is defined as non-protein-coding RNA molecule longer than 200 
nucleotides. Recent findings have highlighted that lncRNA contributes to the regu-
lation of multiple signaling pathways in bladder cancer, suggesting that lncRNA 
exerts its roles during the biological processes of tumorigenesis, tumor proliferation, 
differentiation, apoptosis, invasion, migration, and stemness. In our laboratory, we 
described a family of mitochondrial long non-coding RNAs containing stem-loop 
structures, named sense and antisense. These transcripts are found outside the 
organelle, in the cytosol and nucleus in normal and tumor cells, and are differentially 
expressed according to proliferative status of cells. The antisense transcript seems to 
be a novel target for BC treatment based in modified antisense oligonucleotides. In 
this chapter, the novel biology and role of these RNAs as therapeutical targets will be 
discussed.

Keywords: bladder cancer, mitochondria, antisense oligonucleotides, long non-coding 
RNAs

1. Introduction

Bladder cancer (BC) is a complex disease associated with high morbidity and  
mortality rates if not treated optimally. BC remains the most common malignancy of 
the urinary tract. In 2018, BC was diagnosed in 549,393 patients and 199,922 succumbed 
to the disease worldwide [1]. Bladder cancer is the 6th most common cancer in men 
and 17th most common cancer in women. The incidence of bladder cancer is high in 
developed countries, and because of rapid industrialization, its worldwide incidence is 
increasing [2].
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A main sign related to the presence of BC is hematuria; however, the final con-
firmation of the disease must be made using gold standard methodology such as 
cystoscopy, a procedure that allows a definitive diagnosis and follow-up of the disease. 
As bladder cancer results in gross or microscopic hematuria, approximately 70 –75% 
of bladder cancers are diagnosed as non-muscle-invasive bladder cancer (NMIBC) 
[3]. In the remaining 25–30% of patients, BC has already invaded deeper layers of the 
bladder wall (MIBC: muscle-invasive disease) or formed metastases. Transurethral 
resection of the bladder tumor (TURBT) is the mainstay therapy of those with 
NMIBC, whereas radical removal of the bladder (RC: radical cystectomy) is imple-
mented in those with MIBC [4]. If left without treatment, most patients with MIBC 
succumb to the disease within 2 years of diagnosis [5]. Therefore, radical cystectomy, 
followed by meticulous pelvic lymph node dissection, has become the gold standard 
way of management of muscle-invasive bladder cancer. However, bladder cancer 
treatment remains a critical issue that requires an urgently new therapeutic approach 
to fight against this disease.

2. Bladder cancer diagnosis and treatment

There are many approximations to perform bladder cancer diagnosis as cellular 
morphology analysis and recently the use of novel molecular biomarker as proteins 
or non-coding RNAs. For instances, urinary cytology evaluates the morphological 
changes in exfoliated cells from the urinary tract to assess abnormalities [6]. However, 
the sensitivity of urine cytology varies according to cancer grade. In high-grade uro-
thelial cancer, the sensitivity is as high as 86%, but it is 20–50% in low-grade cancers 
[3]. It is possible to yield more cellularity, using methods such as catheterization and 
intravesical washing, but they are limited because of the invasiveness and artifacts 
caused by the maneuvers [7]. About the urine cytology, a critical issue is that abnor-
mal urine cytology results imply the presence of a tumor, but negative results do not 
ensure normal conditions. An important problem in urinary cytology corresponds 
to the cells named borderline: cells that are non-normal but atypical and therefore 
are confusing for follow-up and diagnosis. Nuclear matrix protein-22 (NMP-22) is 
involved in the appropriate distribution of chromatin during cellular proliferation 
and exists at a low level in normal cells but at prominent levels in tumorous conditions 
[8]. NMP-22 improves the positive predictive value of urine cytology from 30 to 60% 
[9]. However, due to its variable performance between assays, individuals and even 
institutions restrict their use in clinics [10].

From a genetic point of view, bladder cancer exhibits aneuploidy of chromosomes 
(3, 7, and 17) and deletion of the 9p21 locus. This chromosomal profile is the start-
ing point for the development of the commercial kit UroVysion, based on the use 
of fluorescence in situ hybridization (FISH) to detect chromosomal abnormalities 
[11]. This test was approved by the FDA in 2001 and has been used to diagnose the 
recurrence of BC from 2001 and to examine gross hematuria from 2005. In addition, 
it has been suggested that UroVysion FISH be used to judge the response to intravesi-
cal BCG therapy. However, one of the big problems about this detection system is 
its complicated interpretation, which requires expert cytopathology’s interpretation 
and expensive equipment; therefore, the expansion of this diagnostic methodology is 
restricted at present.

Cancer therapy is an expanding field in search of novel drugs or multimodal 
approaches to delay or stop the progression of disease. In the case of BC, advanced 
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disease is best treated with systemic cisplatin-based chemotherapy. At present, immu-
notherapy is emerging as a viable treatment for patients in whom first-line chemo-
therapy cannot control the disease. Moreover, treatment of patients with advanced 
disease is undergoing rapid changes as immunotherapy with checkpoint inhibitors, 
targeted therapies, and antibody−drug conjugates has become an option for certain 
patients with various stages of disease.

The FDA serially approved the immune checkpoint inhibitors (ICIs) such as 
atezolizumab, durvalumab, avelumab, pembrolizumab, and nivolumab from 2016 to 
2017. Unfortunately, response rates of ICIs result in approximately 20% in patients 
with advanced BC [12].

This is the beginning of precision medicine for the treatment of patients with 
this type of malignancy. However, despite the progress in personalized medicine and 
discovery of novel therapeutic drugs, BC remains an important public health prob-
lem. Therefore, new molecular targets are urgently needed for the treatment of this 
disease.

3. Long non-coding RNAs

Long non-coding RNAs (lncRNAs) belong to a larger and expanding group of 
non-coding RNAs (ncRNAs) and are classified as 200 nt–100-kb long transcripts, 
in the absence of open-reading frame [13]. LncRNAs represent a large (>80%) 
and a very heterogeneous group of ncRNAs, with their expression depending on 
the tissue and cellular context [14]. These transcripts are indispensable in various 
cellular processes, including transcription, intracellular trafficking, and chromo-
some remodeling. In addition, lncRNAs functioning as regulatory factors have 
been addressed in several complex cellular processes, such as cell death, growth, 
differentiation, apoptosis, epigenetic regulation, genomic imprinting, alternative 
splicing, regulation of gene expression at posttranscriptional level, chromatin 
modification, inflammatory pathologies, and, when deregulated, also in various 
cancer types [15].

Among the main advantages of lncRNAs that make them suitable as cancer diag-
nostic and prognostic biomarkers is their high stability while circulating in the body. In 
addition, lncRNA deregulation in primary tumor tissues is clearly mirrored in various 
bodily fluids, including whole blood, plasma, urine, saliva, and gastric juice [16].

3.1 Long non-coding RNAs in bladder cancer

In BC, many oncogenic lncRNAs have been shown to be strongly related in bladder 
carcinogenesis. The lncRNA metastasis-associated lung adenocarcinoma transcript 
1 (MALAT1) has been shown to be upregulated in bladder cancer. The effects of 
MALAT1 knockdown on the inhibition of tumor metastasis have been confirmed in 
animal models [17, 18], and the experimental evidence indicates that MALAT1 exerts 
its role in cancer progression and metastasis by enhancing EMT.

Long intergenic non-coding 00346 (LINC00346) silencing can prevent cell 
proliferation and migration in bladder cancer and can trigger cell cycle arrest and 
cell apoptosis [19]. The overexpression of lncRNA small nucleolar RNA host gene16 
(SNHG16) is significantly correlated with aggressive bladder cancer, and its knock-
down can enhance the effect of chemotherapy in bladder cancer cell lines [20]. 
Terminal differentiation-induced ncRNA (TINCR) has been demonstrated to be 
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upregulated in bladder cancer tissues and cells and participates in cancer development 
and progression [21].

Silencing of antisense non-coding RNA in the INK4 locus (ANRIL) induces an 
inhibition of cell proliferation and increase in the cell apoptosis, together with dimin-
ished expression of Bcl-2 and elevated expressions of Bax, cytoplasmic cytochrome c, 
Smac, cleaved caspase-9, caspase-3, and PARP, which are proteins actively involved in 
apoptosis. In vivo studies endorsed the effect of ANRIL silencing in the suppression of 
tumorigenicity of bladder cancer cells in nude mice [22].

The lncRNA-growth arrest-specific 5 (GAS5) is regarded as a tumor suppressor 
in bladder cancer because the knockdown of this gene increases bladder cancer cell 
proliferation, while its forced overexpression inhibits cell proliferation [23]. A recent 
study has shown that overexpression of GAS5 decreases chemotherapy resistance to 
doxorubicin in bladder carcinoma [24].

The experimental evidence indicates that lncRNAs can influence oncogenesis and 
tumor formation in bladder tissues and constitute a novel therapeutical target for 
diagnosis and treatment.

3.2  A new and exciting family of long non-coding RNAs in bladder cancer: 
chimeric transcripts

In recent years, a new group of non-coding RNAs have been identified in cancer. 
These are named fusion genes, which are the consequences of structural rearrange-
ments of the genome as copy number variations, translocations, and inversions, 
resulting in the concatenation of two different genes or gene fragments [25]. Fusion 
transcripts or chimeric RNAs that originate from fusion genes are unique to a cancer 
type, and they are used as novel tools to understand the underlying mechanisms of 
malignancy and can serve as effective diagnostic and prognostic markers and novel 
molecular targets [26].

Several groups have shown that chimeric fusion RNAs can be found in various cells 
and tissues, and some are shown to be the products of intergenic splicing and trans-
plicing, instead of chromosomal rearrangement [27, 28]. On the other hand, recent 
work on RNA trans-splicing [29–31] and intergenic cis-splicing [32] has supported 
a new paradigm for new and exciting roles of these chimeric RNAs in normal and 
tumor cell physiology.

Recently, it was described that after an exhaustive analysis of nearly 300 RNA-Seq 
libraries, covering 30 different non-neoplastic human tissue an cells, including 15 
mouse tissues, a large number of chimeric RNAs were found; for instance, 291 chime-
ric transcripts were seen in more of one sample or tissue, and instead of being tran-
scriptional noise, most of them are functional and translated in chimeric proteins, but 
interestingly, a large population of fusions may function as non-coding RNAs [33].

In the case of bladder cancer, some chimeric RNAs are being validated in cells 
and clinical samples; for example, two non-coding RNAs, BCL2L2-PABPN1 and 
CHFR-GOLGA3, were detected to be expressed significantly higher in bladder cancer 
samples compared to adjacent normal samples, and these two fusions are generated 
by cis-splicing between adjacent genes and detected mainly in the fraction of cell 
nucleus, suggesting a potential long non-coding RNA role in cancer [34]. These novel 
chimeric RNAs are a new player in the biology of cancer.

“Normal” long non-coding RNAs have been described extensively in association 
with contrasting functions in bladder cancer; several oncogenic and tumor suppressive 
lncRNAs have been identified, such as H19, MALAT1, MEG3, SNHG16, TUG1, and 
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UCA1 [35]. LncRNA expression levels often correlate with prognosis and metastasis for-
mation [36, 37] or occurrence of therapy resistance [38]. In bladder cancer, the upregu-
lation of UCA1 was found to induce epithelial mesenchymal transition (EMT), tumor 
cell migration, and invasion [39], and it was shown to have a pivotal role in the induction 
of cisplatin and gemcitabine resistance. Because of their significant role in cancer devel-
opment, lncRNAs might be potential targets for development of new therapies.

4.  Mitochondria as a source of chimeric long non-coding RNAs: novel 
target for bladder cancer treatment

The mitochondrial genome, unlike the complex nuclear genome, is a compact, 
circular, and double-stranded DNA encoding only 13 proteins, which are all subunits 
of the electron transport chain as well as two rRNAs (16S and 12S) and 22 tRNAs 
required for their translation [40]. Mitochondrial DNA (mtDNA) is composed of 
heavy (H-strand) and light (L-strand) strands due to the uneven distribution of 
guanines between DNA strands [41]. In humans, the H-strand of mitochondrial DNA 
is a template for the transcription of most mitochondrially encoded genes, while the 
transcription of the complementary L-strand results in the formation of mostly non-
coding RNA (ncRNA) [42].

Our laboratory has described a family of chimeric long non-coding RNAs of 
mitochondrial origin. One of them, named sense non-coding mitochondrial RNA 
(SncmtRNA), is expressed in both normal proliferating cells and tumor cells. This tran-
script of 2374 nucleotides contains a long-inverted repeat (IR) linked to the 5′ end of 
the mature 16S mitochondrial rRNA (16S mtrRNA). The presence of the IR generates 
a stem-loop structure with an 820-bp double-stranded region and a 40-nt loop [43]. 
Beside the ScnmtRNA, normal proliferating cells express two novel chimeric RNAs, 
both containing IRs linked to the 5′ region of the antisense 16S mtRNA transcribed 
from the L-strand of the mtDNA, named antisense ncmtRNA-1 (ASncmtRNA-1) and 
ASncmtRNA-2. According to in situ hybridization assays, these transcripts show a low 
level of expression in tumor cells and tumor tissues derived from patients. In contrast, 
these RNAs are highly expressed in normal proliferating cells [44].

To evaluate the role of these chimeric RNAs, interference assay was made using 
antisense oligonucleotides targeting both antisense transcripts, using a phosphoro-
thioate oligonucleotide targeting the common loop region of both ASncmtRNAs. We 
show that the knockdown of the low copy number of ASncmtRNAs in several tumor 
cell lines induces cell proliferation arrest and cell death mediated by apoptosis with-
out affecting the viability of normal cells. In addition, knockdown of ASncmtRNAs 
potentiates apoptotic cell death by inhibiting survivin expression, a member of the 
inhibitor of apoptosis (IAP) family [45].

This molecular approximation suggests us that the ASncmtRNAs are promising 
targets for cancer therapy, including bladder cancer. Therefore, we evaluated the 
effects of antisense treatment in vitro and in vivo in bladder cancer. We found that 
antisense treatment in three different cell lines, UMUC-3, RT-4, and T-24, induces 
a strong inhibition of cell proliferation mediated by apoptosis induction. Moreover, 
the treatment negatively impacts the invasive capacity and spheroid formation of 
UMUC-3 cells, mediated by the downregulation of N-cadherin and MMP11. This 
anti-tumoral action was validated in in vivo assays using subcutaneous xenograft 
model and patient-derived xenograft (PDX), where a strong delay of tumor growth 
was observed [46].
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4.1  Putative mechanism of induction of cell death after knockdown of 
AsmcmtRNAs

As indicated above, knockdown of antisense non-coding mitochondrial RNAs 
using a complementary oligonucleotide against the loop region results in cell death 
and apoptosis induction in tumor cells. Recently, we have performed a transcrip-
tomic analysis of changes induced after knockdown of these transcripts in the 
breast cancer cell line MDA-MB-231. This analysis was performed because we show 
that ASncmtRNA knockdown induces cell death preceded by proliferative block-
age. A partial answer to this cell proliferation block is the fact that knockdown of 
ASncmtRNAs induces downregulation of some components involved in cell cycle pro-
gression and cell survival, as cyclin B1, cyclin D1, CDK1, CDK4, and survivin, with 
the latter also constituting an essential inhibitor of apoptosis. An interesting effect 
observed post-treatment was the induction of an increased level of the microRNA 
hsa-miR-4485-3p. Validation of the target molecule of this miRNA using a mimic 
shows that in transfected cells the mRNAs of cyclin B1 and D1 are strongly down-
regulated [47].

Preliminary in silico analysis of the affected pathways indicated that proteins 
involved in cell cycle, apoptosis induction, and cell survival are affected. Moreover, 
the analysis of the miRNAs that show significant changes in its expression levels 
shows that some of these small non-coding RNAs have molecular target mRNAs that 
code for cell cycle checkpoint proteins and cell survival (unpublished results).

These last results constitute an effort to understand the mechanisms underly-
ing the induction of cell death after the knockdown of ASmtncRNAs and sheds 
light on the role of this family of transcripts in cell cycle progression and tumor 
biology.

5. Conclusions

Despite the advances of the therapeutic tools developed against bladder cancer, 
this disease is still a major public health problem, and new molecular targets are 
required.

Non-coding RNAs are transcripts that do not code for proteins and are 
involved in the regulation of multiple metabolic pathways in normal cells and 
tumor cells. Therefore, they constitute a novel family of molecules that may 
constitute novel therapeutic targets. Chimeric long non-coding RNAs are novel 
transcripts, and their importance in bladder cancer has recently been evaluated. 
In this novel field, the mitochondria may play a key role as a source of chimeric 
transcripts that can constitute new and efficient therapeutic targets. Therefore, 
the role of these RNAs in the biology of bladder carcinogenesis warrants inten-
sive research to understand their specific role in cancer biology and improve the 
options for new and effective molecular targets that ensure the efficacy of treat-
ments against this disease.
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SncmtRNA sense non-coding mitochondrial ribonucleic acid
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BC bladder cancer
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ncRNA non-coding ribonucleic acid

© 2022 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of 
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided 
the original work is properly cited. 



Bladder Cancer

8

References

[1] Bray F, Ferlay J, Soerjomataram I, 
Siegel RL, Torre LA, Jemal A. Global 
cancer statistics 2018: GLOBOCAN 
estimates of incidence and mortality 
worldwide for 36 cancers in 185 
countries. CA Cancer Journal of 
Clinical. 2018;68:394-424. DOI: 10.3322/
caac.21492

[2] Saginala K, Barsouk A, Aluru JS,  
Rawla P, Padala SA, Barsouk A. 
Epidemiology of bladder cancer. Medical 
Science. 2020;8:15-25. DOI: 10.3390/
medsci8010015

[3] Zhu CZ, Ting HN, Ng KH, Ong TA. A 
review on the accuracy of bladder cancer 
detection methods. Journal of Cancer. 
2019;10:4038-4044. DOI: 10.7150/
jca.28989

[4] Dobruch J, Oszczudłowski M. Bladder 
cancer: Current challenges and future 
directions. Medicina. 2021;57:749.  
DOI: org/10.3390/ medicina57080749

[5] Prout GR, Marshall VF. The prognosis 
with untreated bladder tumors. Cancer. 
1956;3:551-558. DOI: 10.1002/1097-0142 
(195605/06)9:3<551:aid-cncr28200 
90319>3.0.co;2-2

[6] Woldu SL, Bagrodia A, Lotan Y. 
Guideline of guidelines: Non-muscle-
invasive bladder cancer. BJU 
International. 2017;119:371-380.  
DOI: 10.1111/bju.13760

[7] Sullivan PS, Chan JB, Levin MR, 
Rao J. Urine cytology and adjunct 
markers for detection and surveillance 
of bladder cancer. American Journal of 
Translational Research. 2010;2:412-440

[8] Têtu B. Diagnosis of urothelial 
carcinoma from urine. Modern 
Pathology. 2009;22:S53-S59.  
DOI: 10.1038/modpathol.2008.193

[9] Ahn JS, Kim HS, Chang SG, Jeon SH. 
The clinical usefulness of nuclear matrix 
Protein-22 in patients with atypical 
urine cytology. Korean Journal of 
Urology. 2011;52:603-606. DOI: 10.4111/
kju.2011.52.9.603

[10] Murakami K, Pagano I, Chen R, 
Sun Y, Goodison S, Rosser CJ, et al. 
Influencing factors on the Oncuria 
urinalysis assay: An experimental model. 
Diagnostics. 2021;11:1023. DOI: 10.3390/
diagnostics11061023

[11] Nagai T, Naiki T, Etani T, Iida K, 
Noda Y, Shimizu N, et al. UroVysion 
fluorescence in situ hybridization in 
urothelial carcinoma: A narrative review 
and future perspectives. Translational 
Andrology and Urology. 2021;10:1908-
1917. DOI: 10.21037/tau-201207

[12] Vlachostergios PJ, Jakubowski CD, 
Niaz MJ, Lee A, Thomas C, Hackett AL, 
et al. Antibody-drug conjugates in 
bladder cancer. Bladder Cancer. 
2018;4:247-259. DOI: 10.3233/
BLC-180169

[13] Lee C, Kikyo N. Strategies to 
identify long noncoding RNAs involved 
in gene regulation. Cell & Bioscience. 
2012;2(37):2012. DOI: org/10.1186/ 
2045-3701-2-37

[14] Harrow J, Frankish A, Gonzalez JM, 
Tapanari E, Diekhans M, Kokocinski F, 
et al. GENCODE: The reference human 
genome annotation for the ENCODE 
project. Genome Research. 2012;9:1760-
1774. DOI: 10.1101/gr.135350.111

[15] Harries L. Long non-coding RNAs 
and human disease. Biochemical Society 
Transactions. 2012;40:902-906.  
DOI: 10.1042/BST20120020



Long Non-Coding Mitochondrial RNAs as Novel Molecular Target for Bladder Cancer Treatment
DOI: http://dx.doi.org/10.5772/intechopen.108899

9

[16] Bolha L, Ravnik-Glavač M, 
Glavač D. Long noncoding RNAs as 
biomarkers in cancer. Disease Markers. 
2017;2017:7243968. DOI: 10.1155/ 
2017/7243968

[17] Fan Y, Shen B, Tan M, Mu X, 
Qin Y, Zhang F, et al. TGF-βinduced 
upregulation of malat1 promotes 
bladder cancer metastasis by associating 
with suz12. Clinical Cancer Research. 
2014;20:1531-1541. DOI: 10.1158/1078-
0432.CCR-13-1455

[18] Ying L, Chen Q, Wang Y, 
Zhou Z, Huang Y. upregulated MALAT-1 
contributes to bladder cancer cell 
migration by inducing epithelial-to-
mesenchymal transition. Molecular 
BioSystems. 2012;8:2289-2294.  
DOI: 10.1039/c2mb25070e

[19] Ye T, Ding W, Wang N, Huang H,  
Pan Y, Wei A. Long noncoding 
RNAlinc00346 promotes the malignant 
phenotypes of bladder cancer. 
Biochemical and Biophysical Research 
Communications. 2017;491:79-84.  
DOI: 10.1016/j.bbrc.2017.07.045

[20] Zhu Y, Yu M, Li Z, Kong C, Bi J, 
Li J, et al. ncRAN, a newly identified 
long noncoding RNA, enhances human 
bladder tumor growth, invasion, and 
survival. Urology. 2011;77:510-511

[21] Chen Z, Liu Y, He A, Li J, Chen M, 
Zhan Y, et al. Theophylline controllable 
RNAi-based genetic switches regulate 
expression of lncRNATINCR and 
malignant phenotypes in bladder cancer 
cells. Scientific Reports. 2016b;6:30798

[22] Taheri M, Davood Omrani M, 
Ghafouri-Fard S. Long non-coding RNA 
expression in bladder cancer. Biophysical 
Reviews. 2018;2018:1205-1213.  
DOI: /10.1007/s12551-017-0379-y

[23] Cao Q, Wang N, Qi J, Gu Z, 
Shen H. Long non-coding RNAGAS5 

acts as a tumor suppressor in bladder 
transitional cell carcinoma via regulation 
of chemokine (C-C motif) ligand 
1 expression. Molecular Medicine 
Reports. 2016;13:27-34. DOI: 10.3892/
mmr.2015.4503

[24] Zhang H, Guo Y, Song Y. Shang 
C (2017) long noncoding RNA GAS5 
inhibits malignant proliferation 
and chemotherapy resistance to 
doxorubicin in bladder transitional cell 
carcinoma. Cancer Chemotherapy and 
Pharmacology. 2017;79:49-55.  
DOI: 10.1007/s00280-016-3194-4

[25] Inaki K, Hillmer AM, Ukil L, Yao F, 
Woo XY, Vardy LA, et al. Transcriptional 
consequences of genomic structural 
aberrations in breast cancer. Genome 
Research. 2011;21:676-687. DOI: 10.1101/
gr.113225.110

[26] Mertens F, Johansson B, Fioretos T, 
Mitelman F. The emerging complexity of 
gene fusions in cancer. Nature Reviews. 
Cancer. 2015;15:371-381. DOI: 10.1038/
nrc3947

[27] Wu CS, Yu CY, Chuang CY,  
Hsiao M, Kao CF, Kuo HC, et al. 
Integrative transcriptome sequencing 
identifies trans-splicing events with 
important roles in human embryonic 
stem cell pluripotency. Genome 
Research. 2014;24:25-36. DOI: 10.1101/
gr.159483.113

[28] Chase A, Ernst T, Fiebig A, Collins A, 
Grand F, Erben P, et al. TFG, a target of 
chromosome translocations in lymphoma 
and soft tissue tumors, fuses to GPR128 
in healthy individuals. Haematologica. 
2010;2010(95):20-26. DOI: 10.3324/
haematol.2009.011536

[29] Yuan H, Qin F, Movassagh M,  
Park H, Golden W, Xie Z, et al. 
A chimeric RNA characteristic 
of rhabdomyosarcoma in normal 



Bladder Cancer

10

myogenesis process. Cancer Discovery. 
2013;12:1394-1403. DOI: 10.1158/2159-
8290.CD-13-0186

[30] Li H, Wang J, Mor G, Sklar J. A 
neoplastic gene fusion mimics trans-
splicing of RNAs in normal human cells. 
Science. 2008;321:1357-1361.  
DOI: 10.1126/science.1156725

[31] Finta C, Zaphiropoulos PG. 
Intergenic mRNA molecules resulting 
from trans splicing. The Journal of 
Biological Chemistry. 2002;277:5882-
5890. DOI: 10.1074/jbc.M109175200

[32] Qin F, Song Z, Babiceanu M, Song Y, 
Facemire L, Singh R, et al. Discovery 
of CTCF-Sensitive cis-spliced fusion 
RNAs between adjacent genes in 
human prostate cells. PloS Genetics. 
2015;11:e1005001

[33] Babiceanu M, Qin F, Xie Z, 
Jia Y, Lopez K, Janus N, et al. Recurrent 
chimeric fusion RNAs in non-cancer 
tissues and cells. Nucleic Acids Research. 
2016;44:2859-2872. DOI: 10.1093/nar/
gkw032

[34] Zhu D, Singh S, Chen X, Zheng Z, 
Huang J, Lin T, et al. The landscape of 
chimeric RNAs in bladder urothelial 
carcinoma. The International Journal 
of Biochemistry & Cell Biology. 
2019;110:50-58. DOI: 10.1016/j.biocel. 
2019.02.007

[35] Martens-Uzunova ES, Böttcher R,  
Croce CM, Jenster G, Visakorpi T,  
Calin GA. Long noncoding RNA in 
prostate, bladder, and kidney cancer. 
European Urology. 2014;65:1140-1151. 
DOI: 10.1016/j.eururo.2013.12.003

[36] Jadaliha M, Zong X, Malakar P, Ray T, 
Singh DK, Freier SM, et al. Functional 
and prognostic significance of long non-
coding RNA MALAT1 as a metastasis 
driver in ER negative lymph node 

negative breast cancer. Oncotarget. 
2016;7:40418-40436. DOI: 10.18632/
oncotarget.9622

[37] Prensner JR, Iyer MK, Sahu A, 
Asangani IA, Cao Q, Patel L, et al. The 
long noncoding RNA SChLAP1 promotes 
aggressive prostate cancer and 
antagonizes the SWI/SNF complex. 
Nature Genetics. 2013;45:1392-1398. 
DOI: 10.1038/ng.2771

[38] Teschendorff AE, Lee SH, 
Jones A, Fiegl H, Kalwa M, Wagner W, 
et al. HOTAIR and its surrogate DNA 
methylation signature indicate 
carboplatin resistance in ovarian cancer. 
Genome Medicine. 2015;7:108.  
DOI: 10.1186/s13073-015-0233-4

[39] Xue M, Pang H, Li X, Li H, 
Pan J, Chen W. Long non-coding RNA 
urothelial cancer-associated 1 promotes 
bladder cancer cell migration and 
invasion by way of the has-miR-145-
ZEB1/2-FSCN1 pathway. Cancer Science. 
2016;107:18-27. DOI: 10.1111/cas.12844

[40] Smeitink J, van den Heuvel L, 
DiMauro S. The genetics and pathology 
of oxidative phosphorylation. Nature 
Reviews. Genetics. 2001;2:342-352.  
DOI: 10.1038/35072063

[41] Anderson S, Bankier AT, Barrell BG, 
de Bruijn MH, Coulson AR, Drouin J, 
et al. Sequence and organization of the 
human mitochondrial genome. Nature. 
1981;9(290):457-465. DOI: 10.1038/ 
290457a0

[42] Attardi G, Chomyn A, King MP, 
Kruse B, Polosa PL, Murdter NN. 
Regulation of mitochondrial gene 
expression in mammalian cells. 
Biochemical Society Transactions. 
1990;18:509-513. DOI: 10.1042/
bst0180509J

[43] Villegas J, Burzio V, Villota C, 
Landerer E, Martinez R, Santander M, 



Long Non-Coding Mitochondrial RNAs as Novel Molecular Target for Bladder Cancer Treatment
DOI: http://dx.doi.org/10.5772/intechopen.108899

11

et al. Expression of a novel non-coding 
mitochondrial RNA in human proliferating 
cells. Nucleic Acids Research. 
2007;35:7336-7347. DOI: 10.1093/nar/
gkm863

[44] Burzio VA, Villota C, Villegas J, 
Landerer E, Boccardo E, Villa LL, et al. 
Expression of a family of noncoding 
mitochondrial RNAs distinguishes 
normal from cancer cells. Proceedings 
of the National Academy Science USA. 
2009;106:9430-9434. DOI: 10.1073/
pnas.0903086106

[45] Vidaurre S, Fitzpatrick C, Burzio VA, 
Briones M, Villota C, Villegas J, et al. 
Down-regulation of the antisense 
mitochondrial non-coding RNAs 
(ncRNAs) is a unique vulnerability of 
cancer cells and a potential target for 
cancer therapy. The Journal of Biological 
Chemistry. 2014;289:27182-27198.  
DOI: 10.1074/jbc.M114.558841

[46] Borgna V, Lobos-González L,  
Guevara F, Landerer E, Bendek M,  
Ávila R, et al. Targeting antisense 
mitochondrial noncoding RNAs induces 
bladder cancer cell death and inhibition 
of tumor growth through reduction of 
survival and invasion factors. Journal of 
Cancer. 2020;11:1780-1791. DOI: 10.7150/
jca.38880

[47] Fitzpatrick C, Bendek MF, et al. 
Mitochondrial ncRNA targeting induces 
cell cycle arrest and tumor growth 
inhibition of MDA-MB-231 breast 
cancer cells through reduction of key 
cell cycle progression factors. Cell Death 
& Disease. 2019;10:423. DOI: 10.1038/
s41419-019-1649-3


