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Intrinsic BET inhibitor resistance in SPOP-mutated

prostate cancer is mediated by BET protein stabilization
and AKT-mTORCI activation

Pingzhao Zhang!>13, Dejie Wang3->13, Yu Zhao®!3, Shancheng Ren®!3, Kun Gaol>13, Zhenqing Ye’,
Shanggian Wang®, Chun-Wu Pan3, Yasheng Zhu®, Yuqian Yan3, Yinhui Yang?, Di Wu3, Yundong He3,
Jun Zhang?, Daru Lu!, Xiuping Liu'?, Long Yu!, Shimin Zhao!, Yao Li!, Dong Lin'!, Yuzhuo Wang!!,
Liguo Wang’®, Yu Chen8, Yinghao Sun®, Chenji Wang! & Haojie Huang>>12

Bromodomain and extraterminal domain (BET) protein
inhibitors are emerging as promising anticancer therapies.
The gene encoding the E3 ubiquitin ligase substrate-

binding adaptor speckle-type POZ protein (SPOP) is the

most frequently mutated in primary prostate cancer. Here

we demonstrate that wild-type SPOP binds to and induces
ubiquitination and proteasomal degradation of BET proteins
(BRD2, BRD3 and BRD4) by recognizing a degron motif
common among them. In contrast, prostate cancer-associated
SPOP mutants show impaired binding to BET proteins,
resulting in decreased proteasomal degradation and
accumulation of these proteins in prostate cancer cell lines and
patient specimens and causing resistance to BET inhibitors.
Transcriptome and BRD4 cistrome analyses reveal enhanced
expression of the GTPase RAC1 and cholesterol-biosynthesis-
associated genes together with activation of AKT-mTORC1
signaling as a consequence of BRD4 stabilization. Our data
show that resistance to BET inhibitors in SPOP-mutant prostate
cancer can be overcome by combination with AKT inhibitors
and further support the evaluation of SPOP mutations as
biomarkers to guide BET-inhibitor-oriented therapy in patients
with prostate cancer.

Ubiquitously expressed BET proteins, including BRD2, BRD3 and
BRD4, function as key factors in transcriptional activation of dis-
tinct sets of cancer-related genes through context-specific interac-
tion with acetylated histones and/or transcription factors!:2. Several

small-molecule inhibitors specifically targeting the bromodomains of
BET proteins have been developed and display promising anticancer
activity via selective blockade of expression of cancer promoters, such
as MYC in multiple myeloma and androgen receptor (AR) in pros-
tate cancer!-¢. Although BET inhibitors are undergoing clinical trials
as treatment for various cancer types, several mechanisms of drug
resistance have been documented’=°. At present, there are no genetic
alterations that can be exploited as biomarkers to guide targeted use
of these drugs.

SPOP is the substrate-recognition subunit of the cullin-3 (CUL3)-
RING-box 1 (RBX1) E3 ubiquitin ligase (CRL) complex. SPOP bind-
ing triggers the ubiquitination and proteasomal degradation of target
proteins mediated by RBX1-dependent recruitment of E2 ubiquitin-
conjugating enzyme into the CRL complex. Cancer whole-genome
and exome sequencing studies have shown that SPOP is the most
frequently mutated gene in primary prostate cancer!®!l. Notably,
SPOP mutations detected in prostate cancer map to the structur-
ally defined substrate-binding motif termed the meprin and TRAF
homology (MATH) domain!®12-14 suggesting that the pathophysi-
ology resulting from SPOP mutations is likely mediated by impaired
ubiquitination of substrates.

To identify new degradation substrates of SPOP, we performed yeast
two-hybrid screens using full-length SPOP as bait. A total of 246 SPOP-
interacting clones were obtained, including ones in which the known
SPOP substrates DEK and steroid receptor coactivator 3 (SRC-3)
were prey (Supplementary Table 1). Gene ontology analysis showed
that SPOP bound to a number of proteins involved in regulation
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of various signaling pathways, but the top hit was the BET proteins
(Fig. 1a and Supplementary Table 2). Coimmunoprecipitation
(co-IP) assays confirmed that ectopically expressed and endogenous
SPOP interacted with BRD2, BRD3 and BRD4 in 293T and LNCaP
prostate cancer cells (Fig. 1b and Supplementary Fig. 1a). Thus,
SPOP interacts with BET proteins in physiological conditions.

BET proteins play key roles in epigenetic regulation and cancer,
but little is known about their post-translational modifications and
downstream functions. Treatment of LNCaP cells with the protea-
some inhibitors bortezomib and MG-132 inevitably increased BET
protein levels but not corresponding mRNA levels (Supplementary
Fig. 1b,c). MLN4924, a small-molecule inhibitor of NEDD8-activat-
ing enzyme that is required for activation of CRL complexes, also
caused accumulation of BET proteins (Supplementary Fig. 1b,c).
Expression of wild-type SPOP markedly decreased BET protein levels
in comparison to cells transfected with empty vector, and this effect
was completely reversed by MG-132 treatment (Fig. 1c). Relative to
control knockdown, SPOP knockdown increased the steady-state lev-
els of endogenous BET proteins and prolonged protein half-life but
had no overt effect on corresponding mRNA levels in LNCaP cells
(Fig. 1d and Supplementary Fig. 1d-f). Similar results were obtained
in the 22Rv1 and BPH-1 prostate cell lines (Fig. 1d). Moreover, only
wild-type SPOP—and not substrate-binding- and CUL3-binding-
deficient mutants (with deletion of the MATH domain (AMATH)
and deletion of the BTB domain (ABTB), respectively)—degraded
BET proteins (Supplementary Fig. 1g). Expression of wild-type
SPOP induced K48-dependent polyubiquitination of these proteins
in cells, and this effect relied on the enzymatic activity of SPOP
(Fig. 1e and Supplementary Fig. 1h,i). We further found that the
SPOP-CUL3-RBX1 complex catalyzed BRD4 ubiquitination in vitro
(Fig. 1f). Thus, functioning as a CRL substrate-binding adaptor, SPOP
promotes ubiquitination and proteasomal degradation of BET pro-
teins in prostate cancer cells.

Substrate-binding consensus (SBC) motifs (®-n-S/T-S/T-S/T,
where @ is a nonpolar residue and 7 is a polar residue!®) have been
well characterized in known SPOP substrates, such as macroH2A
and DEK!2. We found a perfectly matched SBC motif in the region
between bromodomain-1 (BD1) and BD2 in each BET protein
(Fig. 2a,b), which was also located within the minimal SPOP-interac-
tion region defined by yeast two-hybrid clones (Fig. 1a). Co-IP assays
revealed that deletion of the putative SBC motif in the BET proteins
not only abolished SPOP binding and SPOP-mediated ubiquitination
and degradation of these proteins, but also substantially prolonged
their half-lives in 293T cells (Fig. 2b-g). Thus, we identified a shared,
functionally conserved SBC motif in BET proteins that is required for
SPOP-dependent ubiquitination and degradation.

Because SPOP mutations in prostate cancers map to the MATH
domain, which is responsible for substrate binding!®, we hypoth-
esized that prostate cancer-associated mutations impair the ability
of SPOP to degrade BET proteins. Eleven prostate cancer-associated
SPOP mutants were generated and expressed in 293T cells. Co-IP
assays demonstrated that the BET-protein-binding ability of all 11
SPOP mutants was greatly impaired in comparison with that of wild-
type SPOP (Fig. 3a and Supplementary Fig. 2a). SPOP-mediated
ubiquitination of the BET proteins was also markedly attenuated for
these mutants (Fig. 3b and Supplementary Fig. 2b). SPOP mutants
failed to degrade BET proteins and instead led to elevated endog-
enous levels of BRD2, BRD3 and BRD4, showing a dominant-nega-
tive effect similar to that occurring with confirmed SPOP substrates
such as DEK, ERG and SRC-3 (refs. 12-14) (Fig. 3¢). Thus, prostate
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Figure 1 SPOP interacts with and promotes BET protein ubiquitination
and degradation. (a) Diagram showing the portions of the BRD2, BRD3
and BRD4 proteins identified by yeast two-hybrid (Y2H) screen in a
human fetal brain cDNA library using full-length SPOP as bait. The region
between each pair of dashed red lines is the minimal interaction region
shared by positive clones, and the red rectangles represent the SBC motif.
BD1, bromodomain-1; BD2, bromodomain-2; ET, extraterminal domain;
CTM, C-terminal motif. (b) Western blots of samples from co-IP analysis
using I1gG or anti-BRD2, anti-BRD3 or anti-BRD4 antibody on cell lysate
from LNCaP cells treated with 20 uM MG-132 for 8 h. (c) Western blots
of whole-cell lysate (WCL) from 293T cells transfected with the indicated
constructs and treated with 20 uM MG-132 or left untreated for 8 h.
Actin was used as a loading control. MW, molecular weight. (d) Western
blots of the WCL of different cell lines transfected with the indicated
small interfering RNAs (siRNAs). siC, control siRNA. (e) Western blots of
the products of /in vivo ubiquitination assays performed using cell lysate
from 293T cells transfected with the indicated constructs and treated
with 20 uM MG-132 for 8 h. WT, wild type; Ub, ubiquitin. (f) Western
blot (WB) of the products of in vitro ubiquitination assays performed by
incubating the reconstituted SPOP-CUL3-RBX1 E3 ligase complex with
E1 and E2 enzymes, ubiquitin and His-BRD4-N (amino acids 1-500) at
30 °C for 2 h.

cancer-associated SPOP mutations result in the stabilization of BET
proteins in prostate cancer cells.

To examine the effect of SPOP mutations on BET protein levels in
specimens from individuals with prostate cancer, we analyzed BRD2,
BRD3 and BRD4 protein levels in two cohorts for which a total of
99 primary prostate tumor samples were available (Supplementary
Table 3). We identified 13 SPOP-mutated tumors through whole-
genome sequencing and/or Sanger sequencing. The SPOP muta-
tion frequency in our samples is consistent with previous findings
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Figure 2 The SBC motif in BET proteins is a SPOP-recognized degron. (a) Amino acid sequence alignment of putative SBC motifs in BRD2, BRD3 and
BRD4. MacroH2A and DEK are known SPOP substrates containing well-characterized SBC motifs. Homologous amino acids among the indicated proteins
are depicted in red. (b) Diagram showing wild-type BET proteins and SBC-motif-deleted mutants (ASBC). The SBC is depicted in red. (c) Western blots of
WCL and samples from co-IP with anti-Flag antibody in 293T cells transfected with the indicated constructs and treated with 20 uM MG-132 for 8 h.

(d) Western blots of WCL from 293T cells transfected with the indicated constructs. (e) Western blots of WCL from 293T cells transfected with the
indicated constructs, treated with 50 ug/ml cycloheximide (CHX) and harvested at different time points. (f) Quantification of the western blots carried
out in e. At each time point, the intensity of BET protein was normalized to the intensity of actin and then to the value at O h. (g) Western blots of the
products of in vivo ubiquitination assays from 293T cells transfected with the indicated constructs and treated with 20 pM MG-132 for 8 h.

in different cohorts of prostate cancer!®!!l. Immunohistochemistry
(IHC) analysis showed that approximately 85%, 92% and 85% of
SPOP-mutated tumors exhibited strong or intermediate staining for
BRD2, BRD3 and BRD4, respectively (Fig. 3d,e). In contrast, <40% of
tumors with wild-type SPOP exhibited strong or intermediate stain-
ing for the BET proteins, whereas the majority of them (approxi-
mately 71%, 66% and 59% for BRD2, BRD3 and BRD4, respectively)
exhibited weak staining (Fig. 3d,e). Expression of the corresponding
mRNAs was lower in SPOP-mutated tumors than in specimens with
wild-type SPOP in our cohorts, although the differences between
the groups did not reach statistical significance (except in the case
of BRD2) (Supplementary Fig. 2c). A similar trend was observed
in The Cancer Genome Atlas (TCGA) data set (Supplementary
Fig. 2d). These findings indicate that BET protein levels are elevated
in SPOP-mutated prostate cancer specimens, and this is unlikely to
be caused by increases in corresponding mRNA levels.
Small-molecule inhibitors of BET proteins are actively being tested
as promising epigenetically targeted therapeutics for cancer!-3-17:18,
We examined whether SPOP-mediated degradation of BET proteins
influences the anticancer efficacy of BET inhibitors in prostate can-
cer cells. Knockdown of endogenous SPOP by short hairpin RNAs

(shRNAs) not only increased BET protein levels but also enhanced
proliferation of C4-2 prostate cancer cells—this effect was abolished
by combined knockdown of BRD2, BRD3 and BRD4 (Supplementary
Fig. 3a-g). In accordance with a previous report®, we demonstrated
that the BET inhibitor JQ1 robustly inhibited growth of C4-2 prostate
cancer cells, but this effect was greatly attenuated in SPOP-knockdown
cells (Supplementary Fig. 3a—c). SPOP-depletion-mediated resistance
to JQ1 was reversed by knockdown of BRD4 alone (Supplementary
Fig. 3h-j). However, BRD4-knockout cells became highly resistant
to JQ1 when BRD2 and BRD3 were mostly depleted (Supplementary
Fig. 3k,1). This result is not surprising, as little or no druggable target
(BET proteins) was present in these cells. These data suggest that
BET protein levels may represent a molecular determinant for JQ1
sensitivity in SPOP-deficient prostate cancer cells.

F133 is the most frequently mutated residue in SPOP0. To reca-
pitulate this scenario, we introduced the F133V mutant of SPOP into
C4-2 and 22Rvl cells, which harbor wild-type SPOP. Expression of
SPOP-F133V not only induced accumulation of BET proteins but
also caused a significant increase in cellular proliferation in both cell
lines in comparison to cells expressing empty vector (Supplementary
Fig. 3m,n). Whereas JQ1 treatment inhibited growth of C4-2 and
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Figure 3 Expression of BET proteins is elevated in SPOP-mutant-expressing prostate cancer cell lines and specimens from patients with prostate
cancer. (a) Western blots of WCL and samples from co-IP with anti-Flag antibody in 293T cells transfected with the indicated Myc- or Flag-tagged
constructs and treated with 20 uM MG-132 for 8 h. Exp., exposure. (b) Western blots of the products of in vivo ubiquitination assays from 293T cells
transfected with the indicated Myc- or Flag-tagged constructs and treated with 20 uM MG-132 for 8 h. (c) Western blots of the indicated proteins in
WCL from C4-2 cells infected with empty vector (EV) or lentivirus expressing wild-type or mutant SPOP. (d) Representative images of BRD2, BRD3 and
BRD4 IHC from 99 cases of prostate cancer expressing wild-type SPOP or mutant SPOP (MUT). (e) Quantitative data for the BET protein staining in d.

Statistical significance was determined by Wilcoxon rank-sum test.

22Rvl1 cells infected with empty vector, this effect was largely impeded
in SPOP-F133V-expressing cells (Supplementary Fig. 3n). SPOP-
F133V expression also caused similar resistance to another BET inhib-
itor, I-BET, in C4-2 and 22Rv1 cells (Supplementary Fig. 30-q). We
further found that the SPOP-F133V mutant conferred JQ1 resistance
in tumor xenografts of C4-2 cells in mice (Fig. 4a—c). SPOP-F133V-
mediated resistance to JQ1 was completely reversed by combined
depletion of BRD2, BRD3 and BRD4 in C4-2 cells in vitro and in C4-2

xenografts in mice (Fig. 4a—c and Supplementary Fig. 4a—c). SPOP-
F133V expression also induced accumulation of the known SPOP
substrates ERG, DEK and SRC-3 (refs. 12-14) in C4-2 and 22Rvl
cells and in C4-2-derived tumors in mice (Supplementary Figs. 3m
and 4d). However, JQ1 treatment largely decreased ERG expression
(Supplementary Figs. 3m and 4d,e), which is in keeping with simi-
lar findings in acute myeloid leukemia cells'®. Knockdown of ERG
by shRNA had no overt effect on SPOP-F133V-mediated resistance
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to JQI1 in C4-2 cells, and similar results were obtained in DEK-knock-
down cells (Supplementary Fig. 4e,f). SRC-3 knockdown slightly
sensitized SPOP-F133V-expressing cells to JQ1, but the effect was
not statistically significant (Supplementary Fig. 4e,f). Thus, our data
suggest that SPOP-mutation-conferred resistance to BET inhibitors is
largely mediated by increased BRD2, BRD3 and BRD4 protein levels
in prostate cancer cells.

Next, we investigated the role of SPOP-mutation-induced accu-
mulation of BET proteins in resistance to BET inhibitors in clinically
oriented models. Among the three examined organoid lines derived
from individuals with prostate cancer, one harbored a p.W131R
substitution in SPOP. W131 constitutes a conserved residue in the
substrate-binding cleft!?. We demonstrated that the SPOP-W131R
mutant was deficient in binding to and mediating ubiquitination
and degradation of BRD4 (Supplementary Fig. 5a-c). Most nota-
bly, the organoid encoding SPOP-W131R expressed more BET pro-
teins and was resistant to JQI in comparison to its two counterparts
encoding wild-type SPOP under both 2D and 3D growth conditions
(Supplementary Fig. 5d-g). These data indicate that SPOP mutation
confers resistance to BET inhibitors in primary cultures derived from
individuals with prostate cancer.

It is worth noting that BET inhibitors have been shown to induce
BRD4 accumulation in different cell types, but the underlying
mechanism is unclear®2%, We demonstrated that the effect of the
JQ1 inhibitor occurred at the post-transcriptional level (Fig. 4a and
Supplementary Figs. 3m and 6a,b). We further showed that JQ1
diminished SPOP interaction with BRD2, BRD3 and BRD4, partially
blocked SPOP-induced ubiquitination and degradation of these pro-
teins, and prolonged BET protein half-lives, even in SPOP-F133V-
expressing cells (Supplementary Fig. 6¢c-h). Thus, while inhibiting
BET protein activities, BET inhibitors undesirably disturb their pro-
teolysis; this effect appears to be mediated by SPOP-dependent and
SPOP-independent mechanisms.

To define the signaling pathways that mediate resistance to BET
inhibitors in SPOP-mutated cells, we performed transcriptome analy-
sis in control (empty vector) and SPOP-F133V-expressing C4-2 cells
treated with JQ1 or left untreated. Through unsupervised cluster anal-
ysis of differentially expressed genes, we identified 5,079 genes that
were downregulated by JQ1 in both control and SPOP-F133V-express-
ing cells, including MYC and AR, encoding two known proteins in
signaling pathways affected by BET inhibitors>>° (Supplementary
Fig. 7a). A previous study suggested that MYC may not be the major
anticancer target of JQ1 in prostate cancer cells®. In agreement with
this report, we found that JQ1 treatment markedly decreased MYC
protein levels, in accordance with substantial reduction of BRD4 bind-
ing in the MYC gene enhancer in both JQ1-sensitive (control) and
JQ1-resistant (SPOP-F133V-expressing) C4-2 cells (Supplementary
Fig. 7b-d). Q1 also strongly decreased AR protein levels, BRD4 bind-
ing in the AR gene promoter and AR transcriptional activity in both
control and SPOP-F133V-expressing cells (Supplementary Fig. 7b-f),
and further knockdown of AR by shRNA did not affect sensitivity
to JQ1 in these cells (Supplementary Fig. 7g,h). Collectively, these
findings suggest that resistance to BET inhibitors in SPOP-mutated
prostate cancer cells is likely mediated by MYC- and AR-independ-
ent pathways.

Further analysis of the RNA-seq data identified 1,017 genes whose
expression was suppressed by JQ1 in control cells but remained
unchanged or was upregulated in SPOP-F133V-expresing cells
(Fig. 4d). Of these genes, 129 were highly upregulated in SPOP-
mutated prostate tumors as compared to those expressing wild-type
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SPOP in the TCGA cohort (Fig. 4e and Supplementary Table 4).
Notably, these aberrantly upregulated genes significantly overlapped
with the BRD4 target genes identified in C4-2 cells transfected to
express SPOP-F133V as well as in C4-2 cells expressing hemagglu-
tinin (HA)-tagged BRD4 (Fig. 4f and Supplementary Fig. 8a—c). In
Ingenuity pathway analysis of the overlapping genes, the top pathway
was the cholesterol biosynthesis pathway, and four members of this
pathway—FDFT1, DHCR24, DHCR7 and MVD—were upregulated
in SPOP-mutated tumors (Fig. 4e,f). Cholesterol-rich lipid rafts have
been linked to AKT activation and prostate cancer cell survival?1-23,
As the Rho GTPase family member RACI can also activate the
AKT-mTORCI1 pathway by directly binding to mTOR?42>, and
RACI mRNA expression was upregulated in SPOP-mutated tumors
(Fig. 4e), we chose to focus on these two pathways. Meta-analysis
of published BRD4 ChIP-seq data also showed BRD4 binding at the
RACI locus in different cell types (Supplementary Fig. 8d). RNA-
seq analysis showed that the genes whose transcription was altered
by BET protein overexpression in C4-2 cells significantly overlapped
with the genes associated with JQ1 resistance, including RACI, in cells
expressing the SPOP-F133V mutant (Supplementary Fig. 8e-g and
Supplementary Table 5). ChIP-seq and ChIP-qPCR assays showed
that BRD4 readily bound at the RACI gene promoter in control cells,
but binding was greatly enhanced by expression of SPOP-F133V or
HA-BRD4 (Fig. 4f,g and Supplementary Fig. 8c,h). Increased BRD4
binding is unlikely to be caused by histone acetylation changes, as
expression of SPOP-F133V or the BRD proteins had no effect on
the levels of H3K27ac, H4K5ac and H4K8ac both globally and at
the RACI locus (Supplementary Fig. 8i,j). BRD4-dependent regu-
lation of RACI was confirmed by gene-knockdown experiments
(Supplementary Fig. 8k,1), providing further evidence that RACI is
abona fide BRD4 target gene. Additionally, increased BRD4 binding,
RACI mRNA levels and RACI protein expression correlated with high
levels of BRD4 protein in JQ1-resistant cells expressing SPOP-F133V
in comparison to untreated control cells (Fig. 4g and Supplementary
Fig. 8c,m,n). Furthermore, SPOP-F133V expression substantially
increased phosphorylation of AKT and S6K, a kinase downstream of
mTORCI, in both C4-2 and 22Rv1 cells regardless of JQ1 treatment
(Supplementary Figs. 3m and 80). Knockdown of RACI not only
inhibited SPOP-F133V-augmented AKT and S6K phosphorylation,
but also abolished SPOP-F133V-mediated resistance to JQ1 in C4-2
cells (Supplementary Fig. 80,p).

ChIP-seq and ChIP-qPCR assays showed that BRD4 readily
bound in the promoters of the cholesterol-synthesis-associated genes
FDFT1, DHCR24, DHCR7 and MVD in control cells. This binding was
enhanced by SPOP-F133V expression (Supplementary Fig. 9a—c);
the effect is unlikely to be caused by global or locus-specific histone
acetylation changes (Supplementary Figs. 8i and 9d). Knockdown
of BRD4 greatly decreased expression of these genes at the mRNA
and protein levels in both control and SPOP-F133V-expressing
cells (Supplementary Figs. 8n and 9e). With concomitant induc-
tion of BRD4 protein levels, SPOP-F133V upregulated the expres-
sion of cholesterol-synthesis-associated genes at both the mRNA
and protein levels and enhanced BRD4 binding in their promoters
(Supplementary Fig. 9b,c,e,f). JQ1 treatment strongly inhibited
expression of these genes and BRD4 binding at their promoters in
control cells, but the effect was not pronounced in SPOP-F133V-
expressing cells (Supplementary Fig. 9b,c,f,g). Combined depletion
of these cholesterol-synthesis-related genes abolished SPOP-F133V-
induced activation of the AKT-mTORCI1 pathway and JQ1 resist-
ance in C4-2 cells (Supplementary Fig. 9h,i). As with overexpression
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(9] Figure 4 Mechanism of BET inhibitor resistance in prostate cancer cells expressing SPOP mutants. (a) Western blots of the indicated proteins, including
@ phosphorylated AKT (p-AKT; S473) and phosphorylated S6K (p-S6K; T389), in C4-2 cells infected with empty vector or lentivirus expressing SPOP-F133V

in combination with control shRNA or BRD2-, BRD3- and BRD4-specific shRNAs (shBRD2/3/4). Cells were treated with JQ1 (1 uM) or left untreated for
24 h before they were harvested. The red asterisk indicates the exogenous SPOP-F133V mutant. (b) Volume of C4-2 xenograft tumors in mice

(n = 6/group) following treatment with the indicated drugs. Data are shown as means + s.d. Statistical significance was determined by two-tailed Student’s
t-test for tumors at day 21 of drug treatment. (c) Image of tumors isolated from each group of mice in b at day 21 of drug treatment. (d) Heat map of
RNA-seq data showing a cluster of genes (n = 1,017) that were differentially expressed in C4-2 cells infected with empty vector or lentivirus expressing
SPOP-F133V and treated with vehicle (DMSO) or JQ1 (1 uM) for 24 h. Data from three replicates are included for each condition. (e) Heat map showing
129 JQ1-resistance-associated genes, the expression of which was upregulated in SPOP-mutated prostate tumors as compared to tumors with wild-type
SPOP in the TCGA cohort. The color keys represent the median-centered log, value of fragments per kilobase of transcript per million mapped reads,
ranging from —-2.5 to 2.5 in d and from -2 to 2 in e. (f) Venn diagram showing that JQ1-resistance-associated genes upregulated in SPOP-mutated prostate
tumors significantly overlap with genes bound by BRD4 in response to both SPOP-F133V and HA-BRD4 overexpression in C4-2 cells (P=9.407 x 10-12,
permutation test). (g) UCSC Genome Browser screenshots showing B