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Precision medicine is designed to tailor treatments for individual patients by factoring in each person’s specific biology and mecha-
nism of disease. This paradigm shifted from a “one size fits all” approach to “personalized and precision care” requires multiple lay-
ers of molecular profiling of biomarkers for accurate diagnosis and prediction of treatment responses. Intensive studies are also be-
ing performed to understand the complex and dynamic molecular profiles of bladder cancer. These efforts involve looking bladder
cancer mechanism at the multiple levels of the genome, epigenome, transcriptome, proteome, lipidome, metabolome etc. The aim
of this short review is to outline the current technologies being used to investigate molecular profiles and discuss biomarker candi-

dates that have been investigated as possible diagnostic and prognostic indicators of bladder cancer.
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INTRODUCTION

Molecular profiling is the global analysis of genomic,
epigenetic, transcriptomic, proteomic and metabolomics
profiles. It represents a critical pre-requisite for the future
success in developing tailored treatment strategies for
individual patient [1]

Bladder cancer (BC) is the second most common urolo-
gical malignancy and requires the most expensive care [2]
Since the time of diagnosis directly influences survival
rate, early detection and life-long surveillance of BC is very
important. Microhematuria testing and urine cytology are
currently the most widely used diagnostic tools for BC;
however, these methods are limited due to its costliness and
invasiveness [3].

Clinico-pathological features classify BC into two distinct
groups; non-muscle invasive bladder cancer (NMIBC) and

muscle-invasive bladder cancer (MIBC). MIBC is the main
cause of cancer-specific deaths among BC patients [4,5].
Although NMIBC has better survival than MIBC and
other malignancies, 30% to 50% of patients will experience
recurrence throughout the remainder of their lives. This
rate accounts for cases with surgical resection of the
primary tumor and adjuvant therapy. About 10% to 20%
of these recurrences will progress to MIBC [6,7] Therefore,
the odds of recurrence and progression in BC have been
major challenges for patients and physicians. While the
introduction of cisplatin-based chemotherapy has increased
the chances of recurrencefree survival, there have been no
new US. Food and Drug Administration (FDA)-approved
therapies for those who cannot tolerate or fail to respond to
the treatment [8]

BC is also known as a highly immunogenic cancer
type that has a higher rate of mutation than other types
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of cancer. In BC, various types of tumor-infiltrating
immune cells have been reported. The signaling pathways
between the tumor and immune cells have been studied.
Immunotherapy has been widely accepted as a treatment
option for BC and recent new immunotherapies have
been studied in various BC clinical trials. New cancer
immunotherapies have been tested and applied using
clinically immune checkpoints blockers against cytotoxic
T lymphocyte-associated antigen-4 (CTLA-4), checkpoint
programmed death—1 (PD-1), or programmed death
receptor ligand (PD-L1) etc. [9] A portion of patients with
moderate to high-grade NMIBC has been given intravesical
immunotherapy with bacillus Calmette-Guérin (BCG) [10-12]
However, this has not been shown to be effective in those
with MIBC.

Muscleinvasive disease is managed through cystectomy
with or without systemic cisplatin-based chemotherapy.
Despite this, it is still not possible to distinguish between
patients who will benefit and those who will not from
the chemotherapy. It would be tremendously useful and
innovative to identify reliable biomarkers that could
enable clinicians to distinguish these patients and would
provide optimal and personalized treatment plans for each
individual case. However, to ensure that the path from
discovery to clinical diagnostics continues to be successfully
paved, the analytic, diagnostic, and regulatory requirements
of a clinical assay need to be understood. Furthermore, active
partnerships with industry and effective communication
between clinicians and scientists are necessary.

In this short review article, we will provide a general
overview of classical and current technologies and molecular
findings in BC research. We will also summarize the
clinical significance and impacts of these discoveries for
future precision medicine in BC patient management
and treatment. A simplified diagram shows a series of
approaches to precision medicine for BC patients that will
be discussed in this short review (Fig. 1).
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ESTABLISHED TECHNOLOGY AND RE-
CENT BREAKTHROUGHS IN BLADDER
CANCER RESEARCH

Improved understanding of the molecular classification
of BC could provide great benefits in the clinical setting. It
would serve to bring improved insight and decision-making
regarding diagnosis, prognosis, and treatment. The Cancer
Genome Atlas (TCGA) includes such comprehensive genomic
analyses; such as whole-exome sequencing, mRNA and
microRNA (miRNA) sequencing, DNA methylation analysis,
and proteomic analysis [13]

Epigenetic modifications include DNA methylation,
histone modifications, miRNA, and nucleosome positioning
etc. Expression changes and genetic mutations of epigenetic
regulatory genes such as DNA methyltransferases,
chromatin modifiers and remodelers have been found
[14] Epigenetic alterations contribute to gene expression
levels during cancer initiation and progression [14] As an
epigenetic regulator, miRNAs regulate gene expression. For
example, miRNAs such as miR-101, miR-21, miR-148a, miR-
126, miR-152, and miR-29a/29b/29 etc. can repress epigenetic
regulators like EZH2 (H3K27 methyltransferase) [15],
DNMT1 (DNA methyltransferase) [16,17], and DNMT3A/3B
(18}

For clinical proteomics, there have been a series of
mass spectrometry-based techniques used; including liquid
chromatography-mass spectrometry (LC-MS/MS), capillary
electrophoresis-mass spectrometry (CE-MS), surface-enhanced
laser desorption/ionization time-of-flight mass spectrometry,
matrix assisted laser de- sorption/ionization time-of-flight
mass spectrometry (MALDI-TOF MS), and nano-liquid
chromatography-tandem mass spectrometry (nano-MALDI-
MS) [19]. Each of these proteome analytic technologies has
their own advantages and disadvantages. LC-MS is sensitive
yet expensive, while CE-MS is cheaper than the others.
MALDI-TOF MS is relatively cheap and simple; however,
nano-MALDI-MS is known more sensitive than MALDI-
TOF MS [20-22]

Early detection

Non-invasive urinary
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Intrinsic molecular
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Fig. 1. A diagram showing current transla-
L tional and clinical approaches to precision
Liquid biopsy medicine for bladder cancer patients.
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In order to better understand cancer metabolism,
a metabolomics approach has often been utilized. It
has since provided information and insight on global
chemical fingerprints associated with the physiological
and pathological states of cancer [23]. Using various
metabolomics technologies, including nuclear magnetic
resonance spectroscopy (NMR, also known as, 'H-NMR),
gas chromatography mass spectrometry (GC-MS), direct
flow injection mass spectrometry, inductively coupled
plasma mass spectrometry, and high performance liquid
chromatography, possible metabolic fingerprints associated
with BC have been tried to be identified.

In addition to analytic technologies, an adequate ex vivo
BC model, which is currently a major limitation towards
identifying predictive biomarkers, is needed to better
understand the molecular mechanisms of BC. A series of
previous studies have suggested that cancer cells in three
dimensional (3D) culture systems respond differently from
those in 2D cultures [24,25] The lack of clinico-physiology
of cell line models, and in vivo models (e.g., animal and
patient-derived xenografts) have greatly limited urological
research. However, recent developments of 3D organoids
received from patients seem to provide a realistic bladder
microenvironment. This pre-clinical BC mimic model has the
potential to be used as a method of therapeutic pre-screening
for individual patients. Using a rotating wall vessel
bioreactor under microgravity conditions, BC organoids have
been previously developed from cell line or tissue biopsy
samples. Well-constructed 3D organoids play as a functional
unit and closely mimic the tissue of origin. 3D organoids are
characterized to exhibit 4—6 multiple cell layers, and this
amenability allows organoids to be powerful pre-<linical BC
models.

Successful construction of BC patient-derived 3D orga-
noids has further broadened our understanding of the
molecular mechanisms and drivers that promote BC
development. DNA sequencing analysis of patient-derived 3D
organoids suggest that these organoids share very similar
mutational profiles with those of real tumor samples [26].
Thus, it is speculated that genetic information from patient
organoids can be used for personalized drug-prescreening
and predicting responses to treatment. While these
experimental results need intensive follow-up validation, 3D
organoid-based drug response assays seem very promising
and will undeniably benefit clinical decisions. If successful,
a patient-derived organoid biobank could facilitate perso-
nalized medicine in BC research.
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APPLICATION TO BLADDER CANCER
STUDY

1. Urine biomarkers for early detection of bladder
cancer

Molecular profiling methods have been used for
phenotyping BC. Recent reports have shown that modern
classification of BC into various distinct subtypes is
associated with responses to chemotherapy and immune
checkpoint inhibitors. There are various commercial BC
biomarkers that are currently being used in the clinical
setting. They include nuclear-matrix protein 22 (NMP22),
UroVysion test, and others. NMP22 levels are shown to
be associated with disease recurrence and progression [27]
The UroVysion test is a multicolor fluorescence in situ
hybridization (FISH) assay designed to detect aneuploidy
of chromosomes 3, 7, or 17, and/or the loss of the 9p2l locus
[28]. A series of recent reports showed that utilization of
FISH-based assay may be used as an additional tool for sub-
classification of patients or determining a treatment option
[29-32]

Because it is stored in the bladder before micturition,
urine is an attractive non-invasive biomarker resource
for BC. As potential urinary BC biomarkers, perturbed
levels of urinary miRNAs and DNA methylation have
been reported. The most promising urinary BC biomarkers
include: miRNA-96, miRNA-138, miRNA-126, miRNA-182,
miRNA-143, miRNA-222, miRNA-2I, miRNA-133b, miRNA-
518c-bp, miRNA-452, miRNA-129, miRNA-200c, miRNA-99a,
miRNA-100, and miRNA-29¢ [33]

The methylation statuses of SALLS3, CFTR, ABCCE,
HPRI, RASSFIA, MTIA, ALX4, CDH13 RPRM, MINT1, and
BRCAI in the urine samples of BC patients is also shown to
be associated with the disease [34] In other studies, a specific
three-gene panel, consisting of BCLZ, hTERT, and DAPK,
was linked with BC in urine [35]. Seven other genes in
urinary cell-free DNA (cfDNA) have also been found to be
associated with BC. These include FGFRS3 TERT, PIK3CA,
TP53 HRAS, RXRA, and KDM6A [36] This report suggested
that one of avenues of biomarker detection includes
identifying circulating cell-free tumor DNA.

2. Genomic alterations detected by next-generation
sequencing in bladder cancer
BC, and in particular MIBC, has one of the largest
mutational burdens of all tumor types studied in the TCGA.
The key cause of this is believed to be due to smoking,
which leads to the production of reactive oxygen species
and resultant DNA damage. TCGA analysis has shown
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that DNA mutation of the FRCC2 and APOBECS3B genes
drives BC genomic heterogeneity and disease progression
[37,38]. Inactivation of the TP53 gene is also a well-known
mutation in BC. TP53 gene mutations were observed in
approximately 50% of MIBC cases and 20% of NMIBC cases
[39] TERT promoter mutations and chromatin-modifying
gene mutations are some of the most frequently altered
genes, having frequency rates of 73% and 69%, respectively
[4041] In addition, amplification of cyclin DI and MYC has
been reported in BC [42] Approximately 20% of NMIBC
and MIBC show cyclin DI amplification and 13% of MIBC
show MYC amplification. Activating mutations, fusions, or
amplifications of the FGFR family have also been reported
[43]

DNA alterations of EGFR, ERBB2, ERBB3, and ERBB4
have been reported in BC [44,45]. FGFR3 mutations are
common in low-grade and low-stage NMIBC. FGFR3 mutant
tumors are known to be associated with higher risk for
intravesical recurrence. Both ERBB2 and FGFRS3 alterations
are present in 57% of high-grade NMIBC tumors in a
mutually exclusive pattern [46-48].

In BC, oncogenes or tumor suppressor genes, such as
those found in the RasMEK-ERK pathway and PI3 kinase-
AKT-mTOR pathway, are often mutated. PIK3CA and/or
P13k/Akt pathway alterations are associated with favorable
disease-specific outcomes, independent of tumor and lymph
node stage [49] For better sensitivity and specificity, FGFR3
mutation levels are sometimes combined with PIK3CA or
CDKNZA alterations [50]

3. Epigenetic alterations in bladder cancer

In this section, we will discuss the epigenetic alterations
in BC. Several epigenetic drugs have been used in the
clinical and pre-clinical settings. They include: DNMT
inhibitors (5-azacytidine and 5-Aza-2-deoxycytidine),
histone deacetylases in-hibitors (SAHA, valproic acid, and
romidepsin), and Tazemetostat (an EZH2 inhibitor). These
epigenetic drugs are being considered for BC treatment [51]

Modified histone proteins lead to the perturbation of
gene expression and other key biological processes [52] For
example, histone modification, such as trimethylation of
histone H3 at lysine 4 (H3K4me3), trimethylation on H3
lysine 9 (H3K9me3), lysine 27 (H3K27me3), acetylation on H3
lysine 9 (H3K9Ac), and lysine 27 (H3K27Ac), regulates gene
activation [53] DNA alterations are frequently observed on
histone H3 lysine 27 (H3K27) in NMIBC and histone H3
lysine 4 (H3K4) methyltransferase MLL2 in MIBC [54]

DNA hypomethylation of LINE-1 repetitive element
has been found often in BC, and this correlates with
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activated MET oncogene transcription [55]. RUNXS3-pro-
moter DNA methylation is positively correlated with BC
progression and patient survival [56] It was also reported
DNA hypermethylation of A2BPI, NPTXZ2, SOX11, PENK,
NKX62, DBCI, MYO3A, CAI0, POU4F2, HOXA9, MEISI,
GDF15, TMEFF2, VIM, STK11, MSH6, BRCAI, TBXZ,
TBX3 GATAZ, ZIC4, PAX5A, MGMT, and IGSF4 [57] DNA
hypermethylation of CDHI, FHIT, LAMCZ, RASSFIA, DAPK,
MINT3I1, and SFRP are also related to BC development and
survival [58-60] Furthermore, DNA methylation signatures
of candidate genes were combined and tested to determine if
the joint DNA methylation signature shows high sensitivity
and specificity in diagnosing BC. The recently identified
urinary 3-marker DNA methylation panel (SOXI, IRAKS,
and LINE-I-MET) showed an area under the curve (AUC) of
090 (95% confidence interval [CI], 0.86-092) with sensitivity
of 86% (95% CI, 74%—-99%) and specificity of 89% (95% CI,
81%-97%) by the 5fold cross-validation analysis [61]

4. Molecular predictors of efficacy of BCG therapy

BC is known as one of highly immunogenic cancer types
[62,63], and cancer immunotherapies aimed to stimulate
the body’s immune system (eg., BCG) have been utilized to
treat BC patients [9] In the last ten years, there have been
continued drug developments on new classes of immune
checkpoint inhibitors. These include Pembrolizumab,
Atezolizumab, Nivolumab, Avelumab, Durvalumab, Ipili-
muumab, and Tremelimab etc. The current ongoing clinical
trial NCT02324582 was designed to test the efficacy of
immune checkpoint inhibitors when combined with BCG in
NMIBC. Clinical trials for testing neo-adjuvant and adjuvant
immune checkpoint therapy following cystectomy were also
designed as well (NCT02451423, NCT02450331).

For over forty years, BCG therapy, the first FDA-app-
roved immunotherapy and the most effective intravesical
treatment, has been used to reduce the risk of BC recurrence
for high-risk disease. However, approximately 70% of BC
patients eventually failed to respond to intravesical BCG
therapy and experienced remission after treatment [12].
Interestingly, BC patients who did not respond to BCG
therapy exhibit the higher PD-L1 expression than those who
responded to it. This suggests that PD-L1 could attenuate
responses to BCG therapy by neutralizing T cells and
possibly infers a biological role for PD-1/PD-L1 interactions
[64]

More recent studies on the genomic alterations
correlated with recurrence following BCG therapy suggest
a possible association between ARIDIA mutations and
BCG outcomes. When compared to the ARIDIA wild-type,
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ARIDIA truncating mutations were significantly associated
with an increased risk of recurrence following BCG therapy
[65] Further investigation is needed in determining whether
inactivation of ARIDIA, due to its truncating mutation, can
be a reliable predictive biomarker of BCG therapy. ARIDIA
inactivation may also be reversed by epigenetic inhibition,
which could benefit patients who fail to respond to BCG
treatment [66,67]

5. Proteomics in bladder cancer

The scope of this section is to briefly present on the
contribution of proteomics towards BC research. Concerted
efforts aimed at discovering biomarkers for BC detection
and disease monitoring have led to the discovery of many
proteomic biomarkers in the urine, tissue, blood etc. [20,21]

Multiple different approaches have been attempted
in order to characterize the BC-specific urine proteome
landscape. These include using LC-MS/MS, multiple reaction
monitoring, and/or CE-MS. These biomarker candidates were
also validated using targeted proteomic techniques such as
enzyme linked immunosorbent assay (ELISA).

Global urinary glycoproteomic analysis performed by
Kreunin et al. [68] revealed the alpha-1B-glycoprotein as
a potential biomarker for BC. A different study found
increased levels of urinary fibrinogen, lactate dehydrogenase
B, Apo-Al, clusterin, and haptoglobin as being associated
with BC [69,70] Higher levels of histone H2B and nuclear
interacting factor 1/Zinc finger 335 were detected in
the urine and tumor tissue from BC patients. This was
further confirmed through independent ELISA and
immunohistochemistry (IHC) analyses. ADAMZ28, midkine,
and hepatocyte growth factor activator inhibitor type 1
(HAI-1) were also found to be significantly elevated in the
urine of BC patients, compared to controls [71] Interleukin
8, matrix metallopeptidase 9, and syndecan-1 are additional
metabolites discovered to be heightened in a set of urine
samples [72] Moreover, some secreted proteins from isolated
exosomes (eg., calcium-signal transducer 2) were found in
the in vitro cell culture as well as in the urine specimens of
BC patients.

In addition to urine, the BC-specific proteome has also
been obtained from tissue and blood specimens. Dynamin
and clusterin were identified as potential biomarkers of
BC and were further validated via THC of tissue arrays. It
was found that lowered expression of clusterin is associated
with MIBC. Dynamin is negatively correlated with adverse
outcomes [71] From these proteomic analyses, differentially
expressed proteins were found when comparing MIBC to
NMIBC [73]. Cullin-3 and stathmin-1 were found to have
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increased expression in BC and are linked with unfavorable
outcomes [74]. Differential expression of prelamin-A/C
(LMNA), transcription factor AP-1 (JUN), nucleasesensitive
element-binding protein 1 (YBOX1), L-selectin (LYAM1),
cyclindependent kinase inhibitor 1 (CDN1A), and mothers
against decapentaplegic homolog 3 (SMAD3) were reported
as tissue-based BC biomarkers. Three proteins, 4F2 cell-
surface antigen heavy chain (SLC3A2), stathmin (STMNI)
and transgelin-2 (TAGLNZ2), were revealed as upregulated
in BC. The BC-specific blood proteome revealed SI00A8 and
S100A9 expression as being significantly different between
BC and healthy controls (AUC of 0.946) [75]

Evidently, our future research efforts should concentrate
on the proper validation of these promising biomarkers
through multiple large and independent patient cohorts.
Coordinated efforts to utilize existing or developing bio-
repositories of clinical samples and perform well-designed
proteomic profiling should be maintained. BC molecular
subtypes should be considered in the proteomics approach of
attributing biological significance to proteomic findings.

6. Metabolomics of bladder cancer

Significant progress has been made from current
metabolomic techniques to distinguish BC patients from
control subjects. Various techniques such as NMR, GC-MS,
and LC-MS have contributed to BC metabolomic research.
The intermediates of glucose metabolism, including lactic
and citric acids, were found to be significantly different in
cancer samples [76]. This phenomenon is widely known as
the Warburg effect, which states that cancer cells exhibit
increased dependence on the glycolytic pathway for ATP
generation, giving rise to enhanced lactic acid production
[77] Hence, measuring lactic acid level in biological samples
of BC is useful in BC diagnosis. Increased amino acid levels
have been demonstrated in the urine, serum and tissue
samples of BC patients. Decreased levels of citric acid and
fumarate, which are the metabolic intermediates of aerobic
oxidation, were also observed in BC samples [76].

A NMR-derived metabolomics study has also proven
to be a potential useful avenue for BC diagnosis [23,78,79].
NMR spectroscopy was found to adequately detect hidden
biomarkers for the early detection of BC [78] In a current
study with the urinary metabolomics-based diagnostic
approach, both high sensitivity and specificity were found
[80] This approach is non-invasive, needs only a small sample
of urine, and the diagnosis can be made relatively quickly
and objectively. The study showed that patients with BC
had elevated levels of urinary acetyl-CoA and carnitine.
It also established several acylcarnitines that were found
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to differentiate between cancer and control groups [80].
Another study using the targeted mass spectrometry found
that it is highly sensitive for detecting metabolic alterations.
This provides insight into metabolic pathways that are
potentially associated with tumorigenesis and tumor
progression [77]

CLINICAL IMPLICATIONS OF MOLECU-
LAR PROFILES

1. Intrinsic molecular subtypes of bladder cancer

Intrinsic molecular subtypes of BC were recently
established through many studies based on comprehensive
genomic data from TCGA. The relationships between
subtypes and their clinical implications have been inves-
tigated.

Specific genetic alterations have been found in distinct
phenotypes, suggesting distinct disease entities. Most of
NMIBC primarily show FGFR3 mutations, Ras activation,
and wild-type TP53 [33,81] Basal/squamous cell carcinoma
(SCC)like MIBC is the most aggressive phenotype. However,
it 1s also the most sensitive to cisplatin chemotherapy [82]
RBI and NFE2L2 mutations are frequently observed in
the basal/SCC-like MIBC phenotype. The p53-like MIBC
is characterized as being chemo-resistant. Alterations
of FGFR3 and KDMG6A are associated in the luminal
subtype of p53-like MIBC. Luminal cluster I shows lowered
expression of CD8+ effector genes and PD-L1 immune or
tumor cells. Meanwhile, luminal cluster II subtypes are
linked to activated T-effector cells. The Lund classification
currently recognizes five subtypes of BC; urobasal A (uroA),
urobasal B (uroB), genomically unstable, and infiltrated/
SCC-like [83]. Cancerous cells that can switch between
the luminal and basal subtypes has also been found.
This suggests that longitudinal studies are critical for
understanding subtype changes and the associated responses
to various chemotherapies. Collectively, based on these
genetic alterations of these different phenotypes, research
efforts are now moving to consider clinical strategies that
can better the management of BC patients.

2, Liquid biopsy

Liquid biopsies are being considered as a potential
applicable non-invasive molecular profiling tool. A
number of non-invasive multi-marker tests are currently
commercially available for BC. In particular, ImmunoCyt™
is able to measure levels of mucin and carcinoembryonic
antigens in urine samples for BC diagnosis [84] Another
urine test, Aura Tek FDP Test™, can detect BC recurrence

Investig Clin Urol 2018;59:72-82.
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[85] Circulating factors, including circulating tumor cells
(CTCs), cfDNAs, RNAs (miRNAs, long non-coding RNAs
[IncRNAs], mRNAs), cell-free proteins, peptides, or exosomes
et al, are derived from cells in human body. However, it is
still elusive where these circulating molecules are coming
from.

CTCs of BC were previously detected in the urine and
serum from patients with metastatic BC. Rising levels of
CTCs were also positively correlated with aggressiveness
[86,87]). CTCs derived from BC can be measured by using
CTC-specific proteins, such as ¢-MET and PD-L1 [88-90].
Increased CTC levels were able to predict clinical outcomes,
such as recurrence and survival. CellSearch™, an FDA-
approved CTC assay Kkit, is currently being used in the
clinical setting for prognostic purposes.

Tumor-derived DNA is released into the body’s circu-
lation. Circulating tumor DNA (ctDNA) may reflect the
genetic profile of all tumor sub-clones. In most cases, ctDNA
has a very small size, usually between 180—200 base pairs.
Quantification of ctDNA levels and the integrity status of
ctDNA can be of great potential clinical utility for early
diagnosis and prognosis of BC. Like other liquid biopsies,
ctDNA testing can also be easily and frequently repeated in
order to monitor changes during treatment [91] In addition,
genetic alterations can be detected in ctDNA. In the urine
specimens of BC patients, TERT promoter mutations
correlated with recurrence [92], while KRAS2 mutations
were found in the plasma even before BC diagnosis [93]

Circulating RNA classes, which include mRNAs,
miRNAs, and IncRNAs, were also found to be potential non-
invasive biomarkers [94] The urinary CAIX splice variant
mRNA was reported to have high diagnostic performance
and value [95] Urinary UBE2C and hTERT mRNA are
found to be potential markers for early diagnosis and
prognosis of BC [96]. Urinary levels of miR-126 and miR-
146a-5p were also discovered to be elevated in BC and are
associated with tumor grade and invasiveness [97]

The delivery of circulating molecules employs the
use of small vesicles, called exosomes. Exosomes transfer
biologically active molecules and can be secreted into the
urine, blood, and other body fluids [98] Hence, exosomes are
essential mediators of cell-tocell communication [98] There is
a strong association between heightened exosome levels and
BC [99] In urinary exosomes, significantly increased levels of
active molecules (eg., TACSTDZ, IncRNAs-HOTAIR, HOX-
AS-2, ANRIL, and linc-ROR, et al.) were found to in high-
grade MIBC patients [100].
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CONCLUDING REMARKS AND PERSPEC-
TIVES

In this short review article, we addressed current
concerted efforts on developing molecular profiling
focused on BC. Development of high-throughput profiling
technologies, including genomics, epigenomics, proteomics,
metabolomics, and bioinformatics etc, have accumulated
evidence through research in the laboratory and clinical
settings. Experimental findings have proposed promising
biomarker candidates for clinical application. Subtyping of
BC based on molecular signatures associated with clinical
outcomes suggest mechanistic clues on how to monitor
responses to chemotherapy in patients. However, clinically
applicable and personalized biomarkers for early diagnosis
and prediction of recurrence, progression, and treatment are
unsolved and require more investigation. Focused efforts
should continue in order to extract applicable and synergistic
benefits from our current findings. This will likely ensure
that a clear path from discovery to clinical diagnostics will
be successfully paved.
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