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Editorial

Ezh2-dependent therapies in bladder cancer: synthetic lethality
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Bladder cancer (BC) is an epigenome disease

Tumor cells arise as a consequence of the acquisition 
of defined properties, due to gene alterations, which 
control the equilibrium of cell proliferation and survival. 
Most targeted therapeutic approaches are focused on the 
inhibition of those alterations leading to gain of function. 
This situation is different when these acquired properties 
are used to loss of function, which usually affect tumor 
suppressor genes. This accounts for a limited use of these 
alterations as therapeutic targets. However, this potential 
problem can be overcome by the use of synthetic lethality 
approaches (see below).

BC is a current clinical and social problem. This group of 
diseases display high incidence, prevalence and mortality rates 
(1). Moreover, the more indolent subtypes, the superficial 
BCs, display the highest incidence of disease relapse among 
cancer, which in some cases also arise with aggressive 
characteristics. This requires the continuous monitoring of 
patients, even at this relatively good prognostic stage (2). 
In addition, the therapeutic approaches for BC monitoring 
have not been improved for decades, thus making essential 
new therapeutic avenues. As in other tumor types, these 
can be based on the specific genomic alterations. Genomic 
approaches of BC understanding have revealed multiple 
similarities with other cancers. However, BC also display 
predominant alterations in chromatin remodelers, either by 
mutation or by their altered expression/function, thus causing 
histone modifications different from those observed in 
normal bladder urothelium (3). These epigenetic chromatin 
modifiers control reversible post-transcriptional changes such 

as acetylations or methylations, to express or repress genes. 
At least 89% chromatin and 64% nucleosome remodelers are 
altered in BC (4).

In view of the taxonomy of BC into different subtypes (5), 
the traditional classification of this disease, as non-muscle 
invasive (NMIBC) and muscle invasive tumors (MIBC), 
is now improved. Currently, the NMIBC are treated by 
transurethral resections while MIBC are treated with 
cystectomy, which in both cases can be followed by different 
adjuvant therapies. The characterization of genetic and 
epigenetic alterations can help to identify patients at high 
risk of recurrence and progression, and, remarkably may 
help to define more adequate therapeutic approximations. 
The aberrant epigenetic landscape is a hallmark of human 
cancer (6) and characterizes BC as an epigenome disease, 
opening new horizons to epigenetic therapy for the 
treatment of this disease.

Synthetic lethality as therapeutic approach

Synthetic lethality happens when the expression of two 
genes (mutated or not), but not each of them alone, 
promotes cell death. This lethal relationship can take 
place either by gene alterations or by inhibitory cytotoxic 
compounds acting on tumor cells. Additionally, as 
these characteristics do not exist in normal cells, this 
approximation could be of extreme benefit to cause tumor 
cell death without interfering with non-transformed cells 
in the organism. Thus, those alterations that identify 
tumor cells can convert into inducible synthetic lethality 
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therapeutic targets and provide a new possibility of 
personalized treatments based in the alterations of genes, 
whose products are considered undruggable such as RB1, 
Tp53, BRCA1, RAS and C-Myc (7,8).

Nonetheless, the existence of such lethal interactions 
should be studied in deep. There are several approaches 
mostly based on screening of large libraries of shRNAs (9),  
siRNAs (10), or CRISPR/Cas9 (11). However they differ 
not only in the technology used, but also on the possible 
different outcomes of the screening, as they are based on 
different temporal and distinct levels of gene inactivation/
repression. Accordingly, these approaches may have different 
advantages or disadvantages regarding their use in the 
identification of potential synthetic lethality counterparts (9).  
With respect to targeted therapies directed against 
epigenetic alterations, synthetic lethality emerges as a very 
attractive approximation, decreasing unwanted side effects 
of chemotherapy and reducing the possibilities of drug 
resistance. 

The alterations of histone demethylase KDM6A gene, 
either by silencing, often deep deletions or putative 
truncating mutation, occurs in 24% of bladder tumors (4), 
with even increased incidence in NMIBC (32–43%) (1,3). 
There is a rate of alteration similar in other epigenetic 
remodelers, such as ARID1A which is part of the SWI/SNF 
complex (6). These “loss of function” alterations have led 
to their assumption as putative tumor suppressor genes, and 
thus can help to identify synthetic lethality mechanisms. 

The complexity of EZH2 as druggable target

EZH2 is a methyltransferase, which mediates gene silencing 
through the trimethylation of K27 of Histone H3. It is 
the catalytic subunit of the polycomb repressor complex 
II, together with factors EED and SUZ12. Increased 
expression of EZH2 may exert oncogenic functions, as it 
leads to gene repression, which can affect several tumor 
suppressors (12). This oncogenic capacity has also led to 
the design of potential EZH2 inhibitors, some of them are 
currently tested in preclinical and clinical trials (1,13).

KDM6A is a histone H3 Lys27 trimethyl (H3K27me3) 
demethylase and its function opposes that of EZH2. 
Whereas KDM6A displays alterations related with loss 
of function in many human tumors, EZH2 is frequently 
overexpressed correlating positively with high grades and 
worse prognosis (1,12). 

The functional antagonism between these two enzymes 
has been recently utilized in preclinical BC therapy. Ler et al.  

reported that the loss of KDM6A promotes enrichment in 
PRC2-regulated signaling and confers specific vulnerability 
to EZH2 inhibition (11). Using different experimental 
approaches, they demonstrated that inhibition of EZH2 
causes a delay in tumorigenesis and tumor progression in 
both BC cells after KDM6A inactivation and in patient-
derived xenografts models. This represents an excellent 
example of synthetic lethality in cancer therapy context, 
and highlights the relevance of EZH2 as a putative target 
for BC management. However, there are aspects that still 
remained unsolved. 

On the first instance, similar susceptibilities to EZH2 
inhibitors have been characterized in other tumors in 
relation with mutations in ARID1A, ARID1B, PBRM1 
or SMARCA4, known components of the SWI/SNF 
complexes of chromatin remodeling (7,10,14). However, 
these SWI/SNF mutants are primarily dependent on a 
non-catalytic role of EZH2 (7). Therefore is necessary to 
define whether inactivating mutations of these genes co-
exist with those of KDM6A, and whether in those cases the 
activity of possible inhibitors depends on EZH2 histone 
methyltransferase activity. In this regard, since EZH2 may 
methylate non-histone substrates being independent of 
PRC2 (15), it is mandatory to determine whether other 
potential substrates are affected by these inhibitors.

On the other hand, despite the existence of several 
inhibitors of EZH2, these are still in the preclinical or 
early clinical development. Moreover, various manners of 
inhibiting EZH2 functions have been proposed, such as 
SAM-hydrolase or SAM-competitive inhibitor compounds, 
inhibitors of the PRC2 complexes stability, etc. (16). In 
addition, the loss of EZH2 function can be compensated 
by its EZH1 counterpart, which its essential roles in the 
progression and maintenance of some myeloid neoplasms 
have recently been demonstrated (17), indicating that the 
combination therapy directed at these two enzymes could 
be more effective antitumor than a selective EZH2 inhibitor 
(17-19). Thus more exhaustive pharmacological studies are 
extremely needed.

Another possible point of complexity might come from 
the existence of mutations in EZH2. Although these are 
extremely rare in BC, they are common in other cancer 
types, such as hematologic tumors producing a gain of 
function (20) or inactivation (21,22). Moreover, prolonged 
depletion of EZH2 may produce altered tumor cell identity 
and tumor progression (23), indicating a precise drug dosing 
regimens. As a consequence the use of EZH2 inhibitors in 
the clinic must be considered cautiously to avoid unwanted 
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secondary side effects.
Another problematic issue could be due to the acquisition 

of resistance. In general, this can be produced by novel gene 
alterations leading to the activation of different signaling 
pathways to maintain cellular viability (9,13). Therefore, the 
emergence of EZH2 inhibitors resistance events should be 
carefully analyzed. In this context, experimentally induced 
resistance models of lymphoma revealed the requirement of 
inhibiting wild type and mutant forms of EZH2 (13). Also, 
novel secondary EZH2 mutations may confer resistance 
to EZH2 inhibitors (1), whereas loss of PRC2 subunits 
promoted the amplification of genetic signatures associated 
to Ras oncogene activation (1). 

Collectively, new alternatives for the management of 
BC cancer patients emerged from these ongoing initiatives, 
using the specific sensibility attributable to precise gene 
mutations, in particular, exploiting the epigenetic remodeler 
alterations. Nonetheless, a better understanding of their 
subjacent mechanistic roles and new pharmacological 
development of accurate inhibitors are strictly required.

Acknowledgements

Funding: FEDER cofounded MINECO grants SAF2015-
66015-R, ISCIII-RETIC RD12/0036/0009, PIE 15/00076 
and CB/16/00228 to JM Paramio.

Footnote

Conflicts of Interest: The authors have no conflicts of interest 
to declare.

References

1. Kim J, Akbani R, Creighton CJ, et al. Invasive Bladder 
Cancer: Genomic Insights and Therapeutic Promise. Clin 
Cancer Res 2015;21:4514-24.

2. Burger M, Oosterlinck W, Konety B, et al. ICUD-EAU 
International Consultation on Bladder Cancer 2012: Non-
muscle-invasive urothelial carcinoma of the bladder. Eur 
Urol 2013;63:36-44. 

3. Gui Y, Guo G, Huang Y, et al. Frequent mutations of 
chromatin remodeling genes in transitional cell carcinoma 
of the bladder. Nat Genet 2011;43:875-8.

4. Cancer Genome Atlas Research Network. Comprehensive 
molecular characterization of urothelial bladder carcinoma. 
Nature 2014;507:315-22. 

5. Knowles MA, Hurst CD. Molecular biology of bladder 

cancer: new insights into pathogenesis and clinical 
diversity. Nat Rev Cancer 2015;15:25-41.

6. Han H, Wolff EM, Liang G. Epigenetic alterations in 
bladder cancer and their potential clinical implications. 
Adv Urol 2012;2012:546917.

7. Kim KH, Kim W, Howard TP, et al. SWI/SNF-mutant 
cancers depend on catalytic and non-catalytic activity of 
EZH2. Nat Med 2015;21:1491-6.

8. Beijersbergen RL, Wessels LF, Bernards R. Synthetic 
Lethality in Cancer Therapeutics. Annu Rev Cancer Biol 
2017;1:141-61.

9. Dhanjal JK, Radhakrishnan N, Sundar D. Identifying 
synthetic lethal targets using CRISPR/Cas9 system. 
Methods 2017;131:66-73.

10. Bitler BG, Aird KM, Garipov A, et al. Synthetic lethality 
by targeting EZH2 methyltransferase activity in ARID1A-
mutated cancers. Nat Med 2015;21:231-8. 

11. Ler LD, Ghosh S, Chai X, et al. Loss of tumor suppressor 
KDM6A amplifies PRC2-regulated transcriptional 
repression in bladder cancer and can be targeted through 
inhibition of EZH2. Sci Transl Med 2017;9. pii: eaai8312.

12. Santos M, Martínez-Fernández M, Dueñas M, et al. In 
vivo disruption of an Rb-E2F-Ezh2 signaling loop causes 
bladder cancer. Cancer Res 2014;74:6565-77. 

13. Gibaja V, Shen F, Harari J, et al. Development of 
secondary mutations in wild-type and mutant EZH2 
alleles cooperates to confer resistance to EZH2 inhibitors. 
Oncogene 2016;35:558-66. 

14. Helming KC, Wang X, Wilson BG, et al. ARID1B is a 
specific vulnerability in ARID1A-mutant cancers. Nat Med 
2014;20:251-4. 

15. Martínez-Fernández M, Rubio C, Segovia C, et al. EZH2 
in Bladder Cancer, a Promising Therapeutic Target. Int J 
Mol Sci 2015;16:27107-32.

16. Morera L, Lübbert M, Jung M. Targeting histone 
methyltransferases and demethylases in clinical trials for 
cancer therapy. Clin Epigenetics 2016;8:57. 

17. Honma D, Kanno O, Watanabe J, et al. Novel orally 
bioavailable EZH1/2 dual inhibitors with greater 
antitumor efficacy than an EZH2 selective inhibitor. 
Cancer Sci 2017;108:2069-78. 

18. Mochizuki-Kashio M, Aoyama K, Sashida G, et al. 
Ezh2 loss in hematopoietic stem cells predisposes mice 
to develop heterogeneous malignancies in an Ezh1-
dependent manner. Blood 2015;126:1172-83. 

19. Bodega B, Marasca F, Ranzani V, et al. A cytosolic Ezh1 
isoform modulates a PRC2-Ezh1 epigenetic adaptive 
response in postmitotic cells. Nat Struct Mol Biol 



Segovia and Paramio. EZH2-dependent therapies in BC

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2017;5(24):494atm.amegroups.com

Page 4 of 4

2017;24:444-52.
20. Souroullas GP, Jeck WR, Parker JS, et al. An oncogenic 

Ezh2 mutation induces tumors through global 
redistribution of histone 3 lysine 27 trimethylation. Nat 
Med 2016;22:632-40.

21. Kim KH, Roberts CW. Targeting EZH2 in cancer. Nat 
Med 2016;22:128-34. 

22. Ntziachristos P, Tsirigos A, Van Vlierberghe P, et al. 

Genetic inactivation of the polycomb repressive complex 
2 in T cell acute lymphoblastic leukemia. Nat Med 
2012;18:298-301.

23. de Vries NA, Hulsman D, Akhtar W, et al. Prolonged 
Ezh2 Depletion in Glioblastoma Causes a Robust Switch 
in Cell Fate Resulting in Tumor Progression. Cell Rep 
2015. [Epub ahead of print].

Cite this article as: Segovia C, Paramio JM. Ezh2-dependent 
therapies in bladder cancer: synthetic lethality. Ann Transl Med 
2017;5(24):494. doi: 10.21037/atm.2017.10.08


