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Genetic and epigenetic alterations in urothelial carcinoma
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Urothelial carcinoma of the bladder (UCB) is the second
most common malignancy of the genitourinary tract and
one of the major cancers worldwide (1). In clinical practice,
UCB can be roughly classified into non-muscle-invasive
bladder cancer (NMIBC) (i.e., Ta, Tis, and T'1) and muscle-
invasive bladder cancer (MIBC) (i.e., > T2 tumors). At
initial presentation, approximately 75% of the UCB tumors
are diagnosed with NMIBC; however, 50-70% of them
will recur and progress to MIBC (2). Thus, exploring the
molecular mechanisms underpinning the development
and progression of UCB are important for both accurate
diagnosis and precise treatment.

Genomic and epigenomic studies clearly uncovered that
significant variations are noted among NMIBC or MIBC
tumors, leading to aggressive investigation in the field of
molecular sub-grouping in UBC (3), mainly focusing on
MIBC (4). In this regard, two main molecular subtypes are
found: luminal- and basal-type tumors. Of these, papillary
tumors have been reported to correlate with luminal
type; on the other hand, non-papillary tumors [including
carcinoma in situ (CIS)] are associated with basal type (3).
Remarkably, these molecular subtypes have been reported
to correlate with several clinical endpoints, such as
intrinsic chemosensitivity and patient outcomes. However,
till now, investigation for molecularly subtyping NMIBC
is limited.

Recently, by using next-generation sequencing (NGS)
platform to conduct total RNA sequencing in 460 European
NMIBC patients, Hedegaard et 4l. successfully sub-grouped
NMIBC into three molecular classes according to luminal-
and basal-like features (5). Varied biological processes,
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mutation signatures, and clinical outcomes are identified
among the three molecular classes, implicating different
treatment recommendation.

First, in the discovery cohort, Hedegaard er al. used
unsupervised consensus clustering (6) to classify 8,074 genes
for identifying class 1, 2, and 3 tumors. The three molecular
classes are not only differed in clinical-histopathological
features, but also showed diversely clinical outcomes
(Table 1). For example, when compared with class 1 tumors,
tumors of class 2 and class 3 demonstrated aggressive
profiles of higher cancer stage, histopathological grade, and
risk of progression to MIBC.

In molecular profiles, class 1 tumors present luminal-
like features with a high expression of early cell-cycle
genes, demonstrating an indolent disease course and a
good prognosis. In contrast, class 2 tumors show a different
luminal-like molecular pattern with high expression of late
cell-cycle genes, association with cancer aggressiveness and
disease progression, behaving poor clinical outcomes.

Interestingly, by using total RNA sequencing to include
survey of non-coding RNAs, the authors firstly identified
class 3 tumors in early-stage NMIBC bladder cancer. Note
that this investigating strategy is different from the The
Cancer Genome Atlas (TCGA) and several microarray
dataset (e.g., the Lund set); both of them allocate protein-
coding genes only. Remarkably, the class 3 tumors
demonstrate several unique roles in both biological and
clinical aspects (Table 1). For example, by using previously
published molecular subtyping panels for validation,
the authors observed that the basal-like BASE47 MIBC
signature (4) is significantly overlapped with class 3 tumors
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Table 1 Molecular classes of non-muscle-invasive bladder cancer NMIBC)

Molecular class

Correlation with tumor factor, biological process, and clinical outcome

Class 1 (indolent luminal)

Class 2 (aggressive luminal)

Molecular differentiation: luminal type (expressed genes: UPKs, PPARG, GRHL3)
Histopathological correlation: low-stage and low-grade tumors

Biological process: CSC and early cell cycle activity

Validation: correlated with papillary tumors (TCGA MIBC database)

Clinical course and prognosis: indolent course with good prognosis

Molecular differentiation: luminal type (expressed genes: UPKs, PPARG, KRT20)

*Mutational signature: genetically unstable, with APOBEC-associated mutation signature (P=3.4x107%)

Biological process: EMT, CSC, and late cell cycle activity

Clinical pathway: high-risk class 2 tumors may run a CIS or progression pathway

High-risk adverse feature: high stage, grade, and ECOTC risk scores, resulting in a high risk of disease

progression to MIBC

Clinical course and prognosis: aggressive course with poor prognosis

Class 3 (dormant basal)

Molecular differentiation: basal type (expressed genes: CD44, KRT5, KRT15)

Validation by using MIBC samples: not observed in TCGA MIBC tumors

Mutation signature: associated with COSMIC signature 4 (T > C and C > T; P=4.5x10"°) and RNA-editing

signature

Biological process: involved in CSC activity

Molecular feature: class 3 tumors are molecularly distinct, in terms of significant overlap of the BASE47 gene
set (basal-like characteristics; 67%; P=1.8x10"°), low cell-cycle and metabolic activities, as well as high

chromatin remodeling processes

Class shift: class shift is likely (from class 3 to class 2 during disease progression)

Clinical course and prognosis: dormant course with good to moderate prognosis (with poor prognosis when

class shift to class 2 was proceed)

**Epigenetics modulation: class 3 tumors demonstrate pronouncedly epigenetic repression, such as histone
modification, chromatin remodeling, and expression of various IncRNAs. These mechanisms may be
responsible for its dormant tumor status and class shift (from class 3 to class 2) during disease progression

*, APOBEC-associated mutational signatures have been suggested to correlate with poor outcomes; **, enriched factors and elements
of epigenetic modulation are one of major molecular characteristics of the class 3 tumor, being responsible for its dormancy and class
shifting. TCGA, The Cancer Genome Atlas; MIBC, muscle-invasive bladder cancer; APOBEC, apolipoprotein B mRNA editing enzyme; CIS,
carcinoma in situ; IncRNAs, long non-coding RNAs; COSMIC, Catalogue of Somatic Mutations in Cancer; EMT, epithelial-mesenchymal

transition; CSC, cancer stem cell.

(67%; chi-square test, P=1.8x107"). This finding is also
observed firstly in NMIBC, gaining an interest for further
investigation.

For the newly identified class 3 tumors, it is noteworthy
to further point out that genes involved in epigenetic
modifications play an important role. For example,
repressed-gene-enrich profile and high induced histone/
chromatin modifications are observed over targets of several
transcription factors. More notably, these class 3 basal-like
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tumors also demonstrate pronounced expression of long
non-coding RNAs (IncRNAs). Epigenetic modifications
including DNA methylation, histone modifications and
expression of non-coding RNAs are important mechanisms
in regulating gene expression. Although this study provides
a comprehensive expression profile of histone/chromatin
modifiers and IncRNAs, an integrated transcriptomic and
epigenomic profile in bladder cancer is still lacking. Several
studies including ours have investigated the genome-
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wide DNA methylation profile in bladder cancer either
by microarray or NGS platform (7-10). Of noted, one
study used NGS platform to investigate the integrative
DNA methylation and the expression of both mRNA and
miRNAs in nine primary bladder cancer tissue samples,
confirming that pathways related to neurogenesis and cell
differentiation are enriched in those patient samples (8).
Recently, by using methylation microarray, we also found
that methylation of ZNF671 is associated with recurrent
bladder cancer patients and poor locoregional disease-free
survival (7). Integrative information on transcriptomic,
genomic and epigenomic profile will not only provide
information regarding the carcinogenesis of bladder
cancer but also be able to identify biomarkers or signatures
for accurate disease diagnosis, outcome prediction, and
treatment selection.

Finally, Hedegaard et 4/. identified six distinct
trinucleotide mutational signatures. Interestingly, they
found that one of the signatures (signature 3) closely
resembled the apolipoprotein B mRNA editing enzyme
(APOBEC)-associated mutational signature. Importantly,
aggressive class 2 tumor is predominantly associated
with this signature probably due to overexpression of
APOBEC3A and APOBEC3B in this tumor subtype.
APOBEC is a family of evolutionally conserved proteins
involving in mRNA editing processes. The APOBEC
protein family contains the catalytic cytidine deaminase
domain for C-to-U mRNA editing processes. Similarly,
the Catalogue of Somatic Mutations in Cancer (COSMIC)
database, which is the most comprehensive online resource
for somatic mutations of human cancers, has so far reported
a total of 30 mutation signatures (11). Of these, two
signatures (signature 2 and 13) were related to APOBEC.
Recently studies also found that, APOBEC-associated
signature is correlated with poor prognosis in multiple
myeloma (7) and urothelial carcinoma (8).

Clinically, though several limitations do exist, these
results, together with data from a prior study (12),
make liquid biopsy (either blood or urine) closer for
clinical application in patients with urothelial carcinoma.
Biologically, the author declared two interesting pathways
that may be useful to demarcate the processes of urothelial
carcinogenesis: the Ta (class 1 and 3) and the CIS pathway
(class 2). In this regard, class 1 and 2 tumors are able to
progress to MIBC by different pathways. On the other
hand, class 3 tumors that initially conduct the Ta pathway
(or under a dormant status) are able to execute class shift to
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class 2 and then progress to MIBC.

In summary, three take-home messages are noted.
First, after validation in independent cohorts, the authors
successfully validated a concise 117-gene panel that is
efficient to conduct molecular subtyping, increasing
the possibility of clinical application. Second, the three
molecular classes well correlate with progression-free
survival: class 1 (the best prognosis) > class 3 > class
2 tumors (the poorest outcomes). Remarkably, third, class
3 tumors characterized pronouncedly epigenetically
modified disease profiles, implicated a role of epigenetic
intervention. Further multi-center prospective studies are
of large interest and warranted.
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