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all three studies confirm that the BET pro-
teins are substrates of SPOP. Subsequently, all 
three groups map the SPOP-binding consen-
sus motif between the two tandem bromodo-
mains of BRD2, BRD3, and BRD4. Moreover, 
the investigators demonstrate that the prostate 
cancer–associated SPOP mutations impair the 
degradation of the BET proteins in a range of 
human cell lines and primary patient samples.

Dai et al.5 show that the elevated levels of 
the BET proteins in SPOP-mutated prostate 
cancer cells result in increased proliferation, 
clonogenic capacity, and migratory poten-
tial, when compared to prostate cancer cells 
with wild-type SPOP. These features are 
facilitated primarily by BRD4, which acts as 
a transcriptional coactivator with ERG and 
AR. They suggest that BRD4 regulates the 
transcription of ERG and AR target genes. 
The authors then demonstrate that SPOP-
mutant prostate cancer cells are more refrac-
tory to BET bromodomain inhibition, as 
compared to SPOP-wild-type prostate cancer 
cells, which suggests that higher concentra-
tions of the drug are required to counteract 
the increased cellular levels of BET proteins. 

Through their specific interactions with tran-
scription factors and acetylated lysines on his-
tones via their bromodomains, proteins in the 
BET family anchor themselves to chromatin and 
modulate gene expression. Although BET pro-
teins are rarely mutated in cancer, their ability to 
maintain malignant transcriptional programmes 
has made them an attractive target for therapeu-
tic intervention. This has led to the development 
of a range of small-molecule inhibitors, which 
disrupt the interaction between BET proteins 
and chromatin to curtail transcription programs 
that are essential to cancer cells8. However, the 
mechanisms governing sensitivity and resis-
tance to BET inhibitors remain poorly under-
stood. Recent efforts to understand intrinsic and 
acquired resistance to these drugs have identified 
tissue-specific resistance pathways that involve a 
variety of adaptive responses, which ultimately 
sustain malignant transcription programs in the 
absence of the BET proteins9–11.

Using diverse methodologies, includ-
ing yeast two-hybrid screens with SPOP as 
the bait6, quantitative proteomics to assess 
changes in ubiquitylated proteins with various 
SPOP mutants7, and targeted biochemistry5, 

Speckle-type POZ (pox virus and zinc- 
finger) protein (SPOP) functions as an E3-ligase 
adaptor protein through its interaction with 
cullin 3. Together, the two proteins facilitate 
proteosomal degradation of SPOP-specific 
targets1. Sequencing of cancer genomes has 
revealed that SPOP mutations occur in up to 
10–15% of prostate and endometrial cancers, 
and that they cluster within the N-terminal 
MATH domain, a region responsible for 
substrate recognition and ubiquitin transfer. 
Interestingly, SPOP mutations in prostate can-
cer occur within the substrate-binding cleft, 
whereas the mutations in endometrial cancer 
occur instead in a distinct, uncharacterized 
region of the MATH domain2,3.

Previous studies have demonstrated that 
prostate cancer–associated SPOP mutants 
are deficient at promoting the degradation 
of known oncogenic proteins in prostate 
cancer, including the transcription factor 
ERG and the androgen receptor (AR)4. In 
this issue of Nature Medicine, Dai et al.5, 
Zhang et al.6, and Janouskova et al.7 iden-
tify the bromodomain and extraterminal 
(BET) family of proteins (BRD2, BRD3, and 
BRD4) as substrates of SPOP. Moreover, they 
show that prostate cancer–associated muta-
tions in SPOP lead to reduced degradation 
of these proteins. Remarkably, Janouskova 
et al.7 also demonstrate that endometrial 
cancer–associated mutations in SPOP 
have the opposite effect and potentiate the 
degradation of the BET proteins (Fig. 1).  
These findings potentially have therapeutic 
implications, because the authors demonstrate 
that prostate cancers with SPOP mutations are 
less sensitive to BET inhibitors, whereas endo-
metrial cancers with SPOP mutations seem to 
be more susceptible to BET inhibition.
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Figure 1   SPOP mutants disrupt BET protein homeostasis in cancer. BET protein levels are regulated 
through their interaction with SPOP. Prostate cancer–specific SPOP mutants fail (pink asterisk) to 
interact with BET proteins, which leads to their aberrant accumulation. The increased levels of BET 
proteins potentiate a malignant transcription program in SPOP-mutated prostate cancer that makes 
cancer cells less susceptible to BET bromodomain inhibition. Endometrial cancers also contain SPOP 
mutations (blue asterisk) that cluster in a distinct region within the same domain as prostate cancer 
mutations. However, SPOP mutants in endometrial cancer have the opposite effect and, instead, 
accelerate the degradation of BET proteins, which leads to the establishment of an alternative 
malignant transcription program. Endometrial cancer–associated SPOP mutants also seem to be more 
vulnerable to BET inhibition.
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residues in the same domain of a protein can 
result in disparate functional consequences. It 
remains unclear exactly why these divergent 
mutations in the MATH domain interact dif-
ferently with the BET proteins and other sub-
strates. Could this be true for other adaptor 
proteins mutated in cancer? Further research 
providing structural insights to explain 
this important finding are now required. 
Importantly, as we near the completion of a 
comprehensive annotation of coding muta-
tions in cancer, these findings dispel the 
assumption that all mutations within a func-
tional domain have the same biological con-
sequence. This highlights the importance of 
careful functional characterization for the vast 
catalog of mutations in cancer.
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One potential implication of these data is that 
the rate-limiting step for the efficacy of BET 
inhibition in SPOP-mutant prostate cancer is 
the expression level of BET proteins. A key 
question here is what are the functional con-
sequences of increased levels of BET proteins? 
Do they simply continue to facilitate the same 
transcription programs involved in maintain-
ing SPOP-wild-type prostate cancer, or do 
they instead establish an alternative gene-
expression program?

Interestingly, although Zhang et al.6 also 
find that SPOP-mutant prostate cancer cells 
are relatively impervious to BET inhibition, 
they suggest that this resistance is indepen-
dent of the AR, as well as the established BET 
target gene, MYC. By analyzing differential 
gene expression in isogenic cells expressing 
wild-type SPOP or a F133V-SPOP mutant, the 
authors uncovered BRD4-dependent upregu-
lation of cholesterol biosynthesis and AKT and 
mTORC1 activation in SPOP-mutated cells. 
They demonstrate the potential therapeutic 
application of these findings by showing that 
AKT inhibition alleviates BET-inhibitor resis-
tance in SPOP-mutated prostate cancer.

Similarly to Dai et al.5 and Zhang et al.6, 
Janouskova et al.7 observe that SPOP mutations  
lead to impaired degradation of BET proteins 
and reduced sensitivity to BET inhibitors  

in prostate cancer. Intriguingly, however, 
Janouskova et al.7 show that endometrial can-
cer–specific SPOP mutations confer increased 
susceptibility to BET inhibitors, owing to 
accelerated degradation of BET proteins by 
SPOP. Remarkably, although BET proteins 
were more rapidly degraded in the context 
of endometrial SPOP mutations, this was 
not true for all SPOP substrates. Substrates 
with known oncogenic function, including  
TRIM24, DAXX, and NCOA3, were less 
efficiently degraded by SPOP containing  
endometrial cancer–associated mutations,  
akin to the findings with SPOP mutations in 
prostate cancer. This observation is likely to 
be important, because the gene-expression 
programs altered by prostate and endome-
trial cancer SPOP mutations in an isogenic 
background do not simply lead to quantitative 
variations in the same genes. In line with this, 
BET protein levels alone may not be the only 
relevant biomarkers predicting response and 
resistance to BET inhibitors, or indeed, other 
therapies in these malignancies. How the levels 
of other SPOP substrates influence sensitivity 
to conventional therapies in these cancers will 
be an important area of future research.

One of the most notable findings to arise 
from these studies is that cancer-specific 
mutations occurring at different amino acid 
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Depression is a widespread, debilitating ill-
ness that is the leading cause of disability 
worldwide1. Rates of depression are two- to 
three-fold greater in women than in men, and 
previous studies conducted over past decades 
have reported differences in neurotransmit-
ter, endocrine, and metabolic systems that 
could contribute to sex differences in mood 
susceptibility2–5. Despite these efforts, the 
heterogeneity of depression and the problems 
inherent in identifying illness-related gene 
variants have made it difficult to identify the 
molecular and neurobiological bases of depres-
sion, particularly, the greater incidence of the  

condition in women. In this issue, Labonté et al.6  
use a bioinformatics approach7,8 to demonstrate 
that depression is characterized by different dis-
ease-associated gene modules in the postmor-
tem brains of women relative to those in men, 
and that these modules are conserved in mice. 
The findings define for the first time the notable 
sexually dimorphic gene-expression networks 
in key brain regions that are implicated in 
depression, and so will help to elucidate the 
pathophysiology of and potential avenues for 
treating depression, particularly in women.

The authors analyzed gene-expression pat-
terns in postmortem tissue from a total of 
48 people in an initial cohort of female and 
male control individuals and those affected 
by major depressive disorder (MDD). 
Their study included analysis of tissue from  
six different brain regions implicated in  

depression: prefrontal cortical (PFC) subre-
gions (ventromedial PFC (vmPFC), dorso-
lateral PFC, and orbital frontal PFC), anterior 
insula, nucleus accumbens, and ventral subic-
ulum. They found sexual dimorphism in the 
levels of differentially expressed genes (DEGs) 
in brains from individuals with depression as 
compared to those from controls (with only a 
5–10% overlap in differentially expressed genes 
between females and males with depression). 
Furthermore, there were sex differences in the 
regulation of interconnected gene networks 
that were conserved across brain regions in 
females and males with MDD. These findings 
were largely confirmed in a second cohort  
(50 additional female and male individuals, both 
control and with MDD), a major strength of  
this work. Further analysis of gene networks 
across brain regions identified sex- and  
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