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Urothelial bladder cancer (UBC) is complicated by its 
underlying genetic diversity that renders prognosis and 
treatment a challenge and imposes a significant health and 
economic burden. Although the non-muscle invasive form 
of bladder cancer (NMIBC) is responsive to treatment, a 
significant proportion of tumors recur and patients require 
lifelong monitoring to identify cancers that become muscle-
invasive. Most patients with muscle-invasive bladder cancer 
(MIBC) present late and show poor response to therapy, 
with attendant poor survival. This underpins the clinical 
need for progress in bladder cancer research and translation. 

A longstanding and relatively simple tool to study bladder 
cancer comes in the form of established human bladder 
cancer-derived cell lines (1,2). Grown in two-dimensional 
adherent cultures, typically in medium supplemented with 
serum, these cell lines display complex karyotypes that 
reflect the genesis and evolution of the cancer, but also 
selection pressures imposed during adaptation to survival 
in vitro. Although frequently criticised, established human 
UBC cell lines do provide an invaluable expandable and 
experimentally-tractable research resource, reflecting a 
spectrum of the genetic changes captured in large scale 
sequencing of primary tumors. Said cell lines also retain 
the capacity to recapitulate more complex phenotypes and 
originating invasive behaviours when combined into more 
complex heterotypic (3), 3D tissue-engineered (4) or in vivo 
systems (1,5).

One of the limitations of UBC cell lines has been the 
small proportion of primary bladder tumors that will 
establish in culture, meaning that there is an inherent bias 

towards generating UBC lines from tumors with particular 
characteristics suited for growth in vitro. This contrasts 
with normal human urothelium that can be routinely 
established in serum- and stromal-free primary culture to 
generate finite cell lines (6), indicating that the inherent 
plasticity and regenerative characteristics of normal human 
urothelium becomes more restricted following neoplastic 
transformation. 

Arising in part from the large-scale transcriptomic 
stratification and sub-typing of UBC has been the idea of 
selecting therapies tailored to an individual’s tumor. This is 
incumbent both on developing appropriate screening tools 
and on improving the efficiency of establishing individual 
patient-derived cancers for testing in vitro/ex vivo. Not only 
this, but incorporation of stromal and immune components 
may be seen as critical for developing informative, 
predictive systems for delivering effective tailored therapies. 
This is both ambitious and technically challenging. 

A relatively recent approach has been the development 
of organoid systems. These have been applied to a number 
of different cancer types [reviewed (7)] including prostate 
(8,9), colorectal (10-13), gastric (14,15), pancreatic 
(16,17), liver (18) and breast (19,20). Organoids represent 
collections of cells harvested from a particular organ that 
are grown in specified 3D environments on extracellular 
matrix proteins using optimised cocktails of growth factors 
to recapitulate many aspects of the tissue of origin. Several 
recent publications have described the development of 
bladder organoids (21-23). Lee et al. demonstrated that the 
mutational profiles of the bladder cancer-derived organoids 
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were highly consistent with their parental tumors and 
reflected common genomic alterations in human UBC (21). 
Moreover, organoids maintained in vitro, as orthotopic 
xenografts in vivo, or as xenograft-derived organoids in vitro  
all displayed clonal evolution (21), a process observed 
during UBC progression in vivo (24). Yoshida et al. nicely 
illustrated the greater potential of 3D-organoids over 2D 
adherent cell lines by demonstrating differential activity 
of the Wnt/β-catenin pathway in driving proliferation in 
3D systems (23). This is an important consideration in 
developing the most appropriate platform for individual 
drug screening.

Mullenders et al. have recently described a bladder 
organoid culture system applied to normal mouse 
urothelium and to a series of 53 primary human UBC (22).  
The system relies on an optimised growth medium to 
support the long-term sustained growth of organised 3D 
structures, which can be maintained, expanded and sub-
cultured in vitro. The normal mouse urothelial organoids 
provide a complementary research tool to the more 
idiospecific human primary UBC. As described (22), the 
mouse urothelial organoids were genetically-stable over 60 
passages and tractable to manipulation of differentiation 
and genome. The full potential of this organoid system to 
recapitulate tumorigenic changes is at present unclear given 
a lack of any apparent phenotype in organoids constituted 
with edited urothelial cells carrying p53/Stag2 double 
knockouts.

Across the bank of UBC organoids, Mullenders and 
colleagues describe a diversity of morphological and 
histological characteristics, including evidence of intra-
tumoral heterogeneity from the differential expression of 
CK5 and CK20. Nevertheless, a major gap in understanding 
the urothelial organoids remains as the authors do not 
appear to have considered or characterised the existence of 
stromal cells in either mouse- or human bladder cancer-
derived organoids. As the entire tissue is reported to be 
disaggregated into the single cell suspensions used to 
constitute the organoids, it is reasonable to expect that the 
organoids will be composed of both urothelial and stromal-
derived cells. The presence of stromal cells would have 
strengthened the justification of the authors for using these 
organoids as a more histopathologically-relevant model 
system for studying bladder cancer. By comparison, other 
authors have attempted to recapitulate the bladder cancer 
environment by combining UBC cell lines with stroma in 
“tissue-engineered” 3D bladder cancer models (3,4).

Mullenders and colleagues indicate that human urothelial 

organoids derived from MIBC patients undergoing 
radical cystectomy could be established with at least 50% 
efficiency. While for most patients the organoids were 
initiated from bladder tumor and macroscopically normal 
urothelium, there was no clear indication of the efficiency 
of the organoid cultures from normal versus cancer regions. 
A possible explanation for the failure of some MIBC 
organoids could be the high genetic instability of the cancer 
cells leading to increased rates of apoptosis in cancer-
derived organoid cultures, as has been hypothesized (25).

The Mullenders paper adds to a small but expanding 
literature that organoids can be established from human 
bladder cancer tissues to provide an ex vivo platform to 
relate phenotype and/or drug susceptibility to cancer 
genotype/phenotype through systematic (21) or focused 
(FGFR3) (22) mutational studies. The authors illustrate 
the differential response of a few organoid lines to a panel 
of known chemotherapy drugs, which begins to test the 
potential for personalised cancer therapies. What will be 
interesting is to link responses from these organoids with 
the treatment response of the patients from which they were 
derived. While these organoid models offer the promise of 
testing novel cancer therapeutics, there remains a pressing 
need for validation. 

Whilst the long-term goal may be to apply the organoid 
model to test individual patient response to therapeutics, 
the organoid system offers other opportunity for basic 
urothelial cell biology research, not least into the nature 
of stem cells and regulation of differentiation/growth 
pathways in normal and neoplastic urothelium. An altered 
tissue environment is heavily implicated in the development 
and progression of UBC and the opportunity perhaps also 
exists to investigate interactive stromal:epithelial signalling 
pathways such as Wnt, Shh and Notch in matched normal 
versus tumor organoids.
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appropriately investigated and resolved. 
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