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1st Editorial Decision 9" May 2019

Thank you for the submission of your manuscript to EMBO Molecular Medicine. | am sorry for the
belated decision but in this case we experienced unusual difficulties in securing three willing and
appropriate reviewers. Although I was hoping to obtain a third evaluation, this referee is very late so
I am now proceeding based on the two consistent evaluations obtained so far as further delays
cannot be justified.

You will see that in aggregate, both reviewers find the study of certain interest, while at the same
time clearly mentioning current limitations that would need to be thoroughly addressed in a revised
article. You will see that both referees are concerned about the novelty of the findings and their
main issue relates to the choice of studying a rare SPOP Q165P mutation, clouding the clinical
relevance for PCa. Still, we believe that referee #2 provides valuable suggestions to improve the
paper on both fronts. In addition, better details, explanations, statistics, grammar/syntax usage and
quantitative analysis should be provided, as well as a more focused discussion. I'd like to add that
referee #1 further added the following after our cross-commenting exercise, which we would
strongly encourage you to address: "Given [the mutant] is not very common as they showed, | won’t
think it is clinically relevant unless they provide additional following data: A. [...] use matched
PDXs and PDOs, where one is wt and the other is point mutant Q165P and correlate it with AR
levels CRPC. and B. [...] access AR IHC data from large cohort and correlate with this mutation."

If you feel you can satisfactorily address these points and those listed by the referees, you may wish
to submit a revised version of your manuscript.
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REFEREE REPORTS
Referee #1 (Comments on Novelty/Model System for Author):

While biochemical experiments are robust, they rely often on ectopic expression of the mutant in
question.

The same group identified a similar point mutation earlier in the same domain doing the same thing.
So, not sure how novel is this.

It appears there aren't many PCa that express this mutant. It doesn't seem to cause resistance to BET
inhibitors.

Referee #1 (Remarks for Author):

In this manuscript authors claim to have identified a novel loss-of-function Q165P mutation in
tumour suppressor SPOP in a clinical specimen of primary PCa.

They show that this mutation impairs substrate binding and homo-dimerization abilities of SPOP
leading to increased expression and activation of AR, bromodomain and SRC3, and activation of
AKT, thus linking this to tumour growth activation and liver mets.

Using cellular and PDX systems they further show that Q165P mutant expressing cancer cell lines
exhibit bromodomain inhibitor JQ1 resistance but can be sensitised by a combined blockage of BRD
(using inhibitor JQ1) and CBP (using inhibitor CPi637). Using a dual inhibitor of BRD and CBP,
the NEO2734 compound they claim to achieve enhanced sensitisation of Q165P to growth inhibition
by NEO compound.

Overall, the study mirrors a previous study that identified a point mutation (F133V) with analogous
phenotypic effects, In fact the earlier F133V appears to be more relevant to SPOP activity than
Q165P both biologically and in clinical terms.

Specific comments:
1. What is the source of dual inhibitor NEO2734 compound?

2. In localised PCa, what % of tumours individually (or collectively) harbour two point mutations
mentioned and studied in this work.

3. Page 6, last line- the word "largely" isn't used correctly, it is either "large" or "larger” more
appropriately and should be corrected.

4. Fig 1D: it isn't clear why author did not do IHC for BRD4 in tumours, while they used BRD4 for
biochemical studies in further figures. The qualification of in situ staining also appears to be
missing.

5. Fig 2D: authors show increased expression (or activation) of some SPOP targets, they should use
F133V as a positive control in this experiment.

6. Fig 2F/6D: I.F. data have not been quantified, it appears Q165P enhanced E-Cad level and will be
predicted to hinder EMT. Given the authors's claim that Q165P is linked with tumour progression, it
will be counter intuitive as the authors show the presence of homozygous Q165P in liver mets.

7. Fig. 3G: It does not appear that CULLIN3 binds weakly to Q165P mutant SPOP compared to WT
SPOP, the W.B. image should be normalised and band intensity quantification should be provided to
substantiate the claim.

8. Fig. 4B: the evidence that Q165P expression leads to JQ1 is weak. It is also unclear why dual
inhibitor or BET and CBP, the NEO2734 compound shows greater inhibition than achieved by
targeting both pathways individually.

9. Fig. 4D/H: clonogenic assays: In the absence of absolute colony numbers, it appears that EV

produces more clones than Q165P which contradicts with the main message of this work. If this is
indeed a case, what is the likely explanation?

© European Molecular Biology Organization



EMBO Molecular Medicine - Peer Review Process File

Referee #2 (Comments on Novelty/Model System for Author):

See details in the author comments below. Technical quality suffers from a lack of detail on
numbers of experiments and statistical data with many representative images used, although the
actual models used are excellent. While the novelty of the mutation is high, the medical impact
would be substantially improved by addition of other SPOP mutations, which are more common
than the mutation examined. It may be better presented as a short report to reflect the more narrow
implications.

Referee #2 (Remarks for Author):

This study follows on from a recent Nature Medicine publication examining SPOP mutation in
prostate cancer. The authors characterise a novel SPOP mutation, generating data on how it affects
protein interactions, and generate novel models including organoids and PDXs from this patient
sample. While the data are generally interesting, this is not a hotspot mutation, which questions
whether their data is generalizable to other SPOP mutations. Further analysis of the inhibitors in
other SPOP mutant organoids would greatly benefit the manuscript and strengthen their
conclusions.

General comments and questions:

1 - There are many typographical errors in the text and figures, which should be addressed.
Examples include page 6 "largely"” should be "large"”, Figure 1C "trancating” should be "truncating",
but there are many errors and grammatical changes that would assist the reader in interpreting the
data.

2 - The data presented in Figure 1D should be expanded to more samples, as selection of a single
SPOP WT for comparison is not compelling. Analysis of BRD3, and other BRD family members in
additional WT samples and SPOP mutant samples would assist in determining whether this
expression difference is due to SPOP mutation.

3 - The number of samples in the "large" prostate cancer cohort in Figure 1 should be stated in the
legend.

4 - In general, figure legends lack appropriate acknowledgment of the number of repeat experiments
performed, and this should be added throughout the manuscript to allow the reader to interpret the
robustness and significance of the data.

5- T1 and T2 should be explained in the legend of Figure 2D.

6 - Figure 3 analysis should be done for the F133V mutant SPOP as a positive control to show that
the modelling works, and compare the changes seen between the two mutants. Indeed, it would be
interesting to undertake the modelling of a range of the hotspot mutations, to determine whether
these mutations are all predicted to alter the MATH domain structure, particularly those present in
the various organoid models available.

7 - Figure 4D and 4H require further quantitative analysis of colony number and size, with
associated statistics.

8 - Additional analysis of the organoids treated in Figure 5G would be helpful. Is it possible to look
for markers of proliferation or apoptosis, rather than only using organoid size as a marker of
inhibition?

9 - How was the control SPOP wt PDX model chosen? Analysis of other SPOP wt models by
western blot, IHC and IFC in Figure 6B, C and D would be helpful in determining whether these
effects are due to SPOP mutation or just differences in these two PDX models. Analysis of pAKT
by IFC in Figure 6D would also be beneficial.
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10 - While it is clear and consistent in this study that the dual inhibition is superior to JQ1 alone, the
author statements around both BET inhibitor resistance of SPOP as well as the specificity of the
dual inhibition for SPOP mutant are somewhat overstated. The previous Nature Medicine
publication clearly showed for the F133V mutant that it was refractory to JQ1, which the WT was
sensitive. However in this current study, both WT and SPOP mutant cells respond to the JQ1
inhibitor, and in both, the dual inhibition increases the response (Figure 7B-C). The same holds true
for AR, pAKT and pS6K, all of which are reduced in both WT and mutant PDXs. While it is true
that JQ1 has a smaller inhibitory effect in mutant PDXs, this is not consistent with BET inhibitor
"resistance™ as was shown for the F133V mutant in the Nature Medicine manuscript. The authors
should tone down these claims to more accurately reflect their data, which suggest that dual
inhibition works well in both SPOP wt and mutant cells. Discussion around the differences between
these two mutants should also be incorporated. In order to show that the inhibitors overcome the
BET inhibitor resistance, using the F133V mutant model would be required, or perhaps one of the
organoid models with SPOP mutants described in the discussion.

1st Revision - authors' response 9™ August 2019

Authors’ Response to Editor’s and Reviewers’ Comments on the Manuscript EMM-2019-
10659

Editor’s Comments:

You will see that both referees are concerned about the novelty of the findings and their main issue
relates to the choice of studying a rare SPOP Q165P mutation, clouding the clinical relevance for
PCa. Still, we believe that referee #2 provides valuable suggestions to improve the paper on both
fronts. In addition, better details, explanations, statistics, grammar/syntax usage and quantitative
analysis should be provided, as well as a more focused discussion.

Reply: To increase the clinical relevance of the current study to PCa, we have examined the
anti-cancer efficacy of the novel compound NEO2734 on the other SPOP mutations (e.g.
hotspot mutations F133V and W131R) using both organoids derived from PCa patients and
PDX tumors. We also performed new xenograft studies by testing the anti-cancer efficacy of
this novel compound on the SPOP hotspot mutant F133V in vivo.

Additionally, as suggested by the Editor and Reviewers, we have provided better details,
explanations, statistics, grammar/syntax usage and quantitative analysis as well as a more
focused discussion.

I'd like to add that referee #1 further added the following after our cross-commenting exercise,
which we would strongly encourage you to address: "Given [the mutant] is not very common as they
showed, | wont think it is clinically relevant unless they provide additional following data: A. [...]
use matched PDXs and PDOs, where one is wt and the other is point mutant Q165P and correlate it
with AR levels CRPC. and B. [...] access AR IHC data from large cohort and correlate with this
mutation."

Reply: We thank the Editor and the Reviewer #1 for excellent suggestion. To address the
point “A”, we analyzed AR protein expression by performing AR IHC staining in matched
WT and Q165P PDX tissues along with a cohort of 20 CRPC patient samples. Similar to the
western blot data shown in Figure 2D, AR expression was higher in Q165P PDX tissue
compared to that in WT counterpart PDX (Fig EV1D and E). More importantly, AR protein
level was slightly higher than the average AR protein level in CRPC tissues (Fig EV1E).
Additionally, we also employed both western blot and IFC approaches to examine AR
protein expression in the PDO derived from matched WT (313HR) and Q165P (573R) PDX
tumors and four more different patient-derived PCa organoids as reported previously (Gao et
al., Cell 159: 176-187, 2014; Zhang et al., Nature Medicine 23: 1055-1062, 2017). Both
methods showed that similar to the results in PDX tumors (Figure 2D, Fig EV1E, EV3B and
D), AR protein level was higher in the organoids from Q165P PDX (573R) than the matched
WT PDX (313HR) (Fig 6A and EV5E). It is worth noting that AR expression level was also
very high in two other SPOP WT organoids (Fig 6A, Fig EV5E), indicating that there may
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be SPOP-independent mechanism that regulates AR protein expression in those two types of
organoids.

To address the point “B”, we performed IHC to examine AR protein expression in Q165P
patient tissue along with a large cohort of primary PCa patient samples (85 SPOP WT cases
and 11 SPOP mutated cases). The new data showed that similar to the results in other SPOP
mutated samples, AR protein expression was higher in Q165P patient sample compared to
SPOP WT patient samples (Fig 1F and G).

Referee #1 (Comments on Novelty/Model System for Author):

While biochemical experiments are robust, they rely often on ectopic expression of the mutant in
question. The same group identified a similar point mutation earlier in the same domain doing the
same thing. So, not sure how novel is this. It appears there aren't many PCa that express this mutant.
It doesn't seem to cause resistance to BET inhibitors.

Referee #1 (Remarks for Author):

In this manuscript authors claim to have identified a novel loss-of-function Q165P mutation in
tumour suppressor SPOP in a clinical specimen of primary PCa. They show that this mutation
impairs substrate binding and homo-dimerization abilities of SPOP leading to increased expression
and activation of AR, bromodomain and SRC3, and activation of AKT, thus linking this to tumour
growth activation and liver mets. Using cellular and PDX systems they further show that Q165P
mutant expressing cancer cell lines exhibit bromodomain inhibitor JQ1 resistance but can be
sensitized by a combined blockage of BRD (using inhibitor JQ1) and CBP (using inhibitor CPi637).
Using a dual inhibitor of BRD and CBP, the NEO2734 compound they claim to achieve enhanced
sensitization of Q165P to growth inhibition by NEO compound. Overall, the study mirrors a
previous study that identified a point mutation (F133V) with analogous phenotypic effects. In fact
the earlier F133V appears to be more relevant to SPOP activity than Q165P both biologically and in
clinical terms.

Specific comments:
1. What is the source of dual inhibitor NEO2734 compound?

Reply: NEO2734 (also known as EP31670) is the result of a drug discovery collaboration
between the University of Miami, Epigenetix Inc. (Delray Beach, FL) and the Neomed
Institute (Saint-Laurent, Canada). Activity of NEO2734 in inhibition of BET as well as
p300/CBP bromodomains was initially confirmed with the BROMOscan platform
(DiscoverX/Eurofins). This new information has been included in the “Plasmids, chemicals
and antibodies” section in Materials and Methods in the revised manuscript.

2. In localised PCa, what % of tumours individually (or collectively) harbour two point mutations
mentioned and studied in this work.

Reply: We have added in the revised manuscript the information about the incidence rate of
the homozygous mutation. We indicated that exome sequencing was carried out in a cohort of
22 patients with PCa (Collins CC and Wang YZ, unpublished data). Among the tumors from
these patients analyzed by sequencing, the Q165P mutation was heterozygous in the primary
tumor and homozygous in the liver metastasis. Therefore, no primary tumors we analyzed
harbored two point mutations at Q165 residue, suggesting that the homozygous Q165P
mutation might affect therapy response and tumor progression. That is indeed the main
purpose of the current study to utilize the Q165P PDX model we generated to examine the
response of Q165P mutant prostate cancer cells to different pathway inhibitors in vitro and in
Vivo.

3. Page 6, last line- the word "largely™ isn't used correctly, it is either "large” or "larger” more
appropriately and should be corrected.

Reply: We apologize for the typo and the error has been corrected.
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4. Fig 1D: it isn't clear why author did not do IHC for BRD4 in tumours, while they used BRD4 for
biochemical studies in further figures. The qualification of in situ staining also appears to be
missing.

Reply: We agree with the Reviewer that it is important to perform BRD4 IHC staining in Fig
1D. We have presented BRD4 IHC data in Fig 1D in the revised manuscript and moved
BRD3 IHC data to Fig EV1C. Also, as suggested by the Reviewer, we have provided the
quantification data of BRD4 IHC staining in Fig 1E.

5. Fig 2D: authors show increased expression (or activation) of some SPOP targets, they should use
F133V as a positive control in this experiment.

Reply: We agree with the Reviewer. We have repeated western blot experiments for Figure
2D by including samples from EV and F133V C4-2 xenograft tumors (see more details in Fig
7G) as negative and positive controls, respectively.

6. Fig 2F/6D: I.F. data have not been quantified, it appears Q165P enhanced E-Cad level and will be
predicted to hinder EMT. Given the authors's claim that Q165P is linked with tumour progression, it
will be counter intuitive as the authors show the presence of homozygous Q165P in liver mets.

Reply: This is an excellent point. We agree that there were quite few clustered spots with
stronger E-Cadherin staining signals in both Q165P PDO and PDX samples (Fig 2F/6D in
original submission) in comparison to those in WT counterparts. Intriguingly, we also noticed
that unlike WT organoids or PDX samples, which display regular and intact shape of E-
cadherin staining in almost all cells, most cells in Q165P mutant PDO and PDX samples have
irregular pattern of E-cadherin staining (Fig 2F/6D in original submission, Fig 6B and Fig
EV3D in the current version). Additionally, we found that a few Q165P cells even lost E-
cadherin staining. To more accurately evaluate E-Cadherin protein level in both WT and
Q165P samples, we have retaken the images from different PDX tumors and quantified E-
Cadherin IFC OD value per cell area. Our new data showed that the overall fluorescence
intensity of E-Cadherin was not significantly altered (Fig EV4A and B).

Furthermore, we examined E-Cadherin protein level in WT and Q165P PDX tumors using
western blot and quantified the ratio of E-Cadherin versus B-Tubulin by ImageJ. The new
data have shown that E-Cadherin protein level was comparable in WT and Q165P PDX
tumors (Fig EVAC and D), suggesting that Q165P mutation has no significant effect on E-
Cadherin protein level in PCa.

7. Fig. 3G: It does not appear that CULLIN3 binds weakly to Q165P mutant SPOP compared to WT
SPOP, the W.B. image should be normalised and band intensity quantification should be provided to
substantiate the claim.

Reply: We agree with the Reviewer. We have used the ImageJ software to quantify the W.B.
images and the intensity of the bands of immunoprecipitated CULLIN3 was sequentially
normalized to that of CULLIN3 input. The normalized values are shown in the revised Fig
3G.

8. Fig. 4B: the evidence that Q165P expression leads to JQ1 is weak. It is also unclear why dual
inhibitor or BET and CBP, the NEO2734 compound shows greater inhibition than achieved by
targeting both pathways individually.

Reply: This is an excellent point. The data shown in Fig 4B was obtained from DU145 PCa
cell line. We repeated the same experiment in a different cell line (C4-2) by including the
SPOP hotspot mutant F133V as a positive control. Similar to the results in DU145 cells,
Q165P C4-2 cells were still responsive to JQ1 although the sensitivity was not as robust as in
EV control cells (Fig 7B). However, consistent with our previous report in C4-2 cells (Zhang
et al., Nature Medicine 23:1055-1062, 2017), F133V C4-2 cells were resistant to JQ1 (Fig
7B). Importantly, these data are supported by the western blot data showing that BRD4
protein was much higher in F133V C4-2 cells than that in Q165P C4-2 cells (Fig 7A). Thus,

© European Molecular Biology Organization


https://www.ncbi.nlm.nih.gov/pubmed/28805822

EMBO Molecular Medicine - Peer Review Process File

different from the effect of hotspot mutant F133V, Q165P mutant PCa cells still modestly
respond to JQ1, and this is probably because this mutant fails to elevate BRD4 protein
expression to the level induced by F133V.

To address why dual inhibitor NEO2734 shows greater inhibition than that achieved by
targeting both pathways individually, we examined BRD4 occupancy and histone H3
acetylation (Ac-H3) level in BRD4 known target genes (c-MYC and RACL) in both DU145
and C4-2 cells using ChIP-gPCR approach. While NEO2734 and dual inhibition with JQ1
and CPI1-637 achieved similar effect on BRD4 binding at c-MYC and RAC1 gene loci in both
cell lines (Fig 4F and EV2A), NEO2734 had greater inhibitory effect on Ac-H3 level at these
two gene loci than the dual inhibition with JQ1 and CPI1-637 (Fig 4G and EV2B). These data
indicate that in comparison to the effect of the combination of CBP/p300 and BET inhibitors
the greater inhibition achieved by the dual inhibitor NEO2734 is likely mediated by its
greater effect on inhibition of Ac-H3 level.

9. Fig. 4D/H: clonogenic assays: In the absence of absolute colony numbers, it appears that EV
produces more clones than Q165P which contradicts with the main message of this work. If this is
indeed a case, what is the likely explanation?

Reply: We apologize for not being able to clearly label Fig 4D/H. As we mentioned in the
Figure legend in the previous submission, original Fig 4D/H show the images of clonogenic
assays in EV and Q165P DU145 cells (Panel D) or EV and F133V DU145 cells (Panel H)
which were all treated with NEO2374.

To avoid confusion, we have repeated the clonogenic assays and included both mock
(DMSO)- or NEO2734-treated EV and Q165P DU145 cells in new Figure 4D and the results
of EV and F133V C4-2 cells in Fig 7D. Also, as suggested by the Reviewer, we have
quantified the absolute colony numbers in new Fig 4E and Fig 7E. Indeed, the quantified data
clearly show that without drug treatment, SPOP mutant cells (Q165P and F133V) produced
more colonies than EV cells, which is consistent with the tumor growth-promoting role of
SPOP mutations as demonstrated previously (Zhang et al., Nature Medicine 23: 1055-1062,
2017). In contrast, after NEO2734 treatment Q165P or F133V cells did produce fewer
colonies than EV cells (New Fig 4D/4E and Fig 7D/E). These data are consistent with the
main message/finding of our current work that the dual inhibitor NEO2734 is active in
inhibition of growth of both SPOP mutant and wild-type PCa cells while our data also
suggest that SPOP mutant cells are more sensitive to NEO2734 compared to SPOP wild-type
cells.

Referee #2 (Comments on Novelty/Model System for Author):

See details in the author comments below. Technical quality suffers from a lack of detail on
numbers of experiments and statistical data with many representative images used, although the
actual models used are excellent. While the novelty of the mutation is high, the medical impact
would be substantially improved by addition of other SPOP mutations, which are more common
than the mutation examined. It may be better presented as a short report to reflect the more narrow
implications.

Referee #2 (Remarks for Author):

This study follows on from a recent Nature Medicine publication examining SPOP mutation in
prostate cancer. The authors characterise a novel SPOP mutation, generating data on how it affects
protein interactions, and generate novel models including organoids and PDXs from this patient
sample. While the data are generally interesting, this is not a hotspot mutation, which questions
whether their data is generalizable to other SPOP mutations. Further analysis of the inhibitors in
other SPOP mutant organoids would greatly benefit the manuscript and strengthen their conclusions.

Reply: This is an excellent point. To investigate whether our data is generalizable to other

SPOP mutations, we have performed several new experiments by using cell lines expressing
different SPOP mutants, organoids harboring different SPOP mutants, and SPOP mutant
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patient tissue samples. Firstly, we have generated stably-expressing Q165P C4-2 cells and
compared the effect of Q165P on SPOP downstream targets to the effect of other SPOP
mutations (F102C and F133V, two hotspot mutations) (Fig 2C). Secondly, we have compared
the alteration of AR and AKT signaling pathways in a total of six organoid lines, two of
which harbor SPOP mutations (Q165P and W131R) and four others express wild-type SPOP
(Fig 6A and B, Fig EV5E). These four additional organoid lines were originally generated in
the laboratory of Dr. Yu Chen at Memorial Sloan Kettering Cancer Institute and have been
reported previously (Gao et al., Cell 159: 176-187, 2014; Zhang et al., Nature Medicine 23:
1055-1062, 2017). The new data regarding the expression of SPOP-regulated signaling
pathway genes in these organoids are shown in Fig 6 A and B, Fig EV5E. Thirdly, we also
examined the drug sensitivity of these organoids with WT SPOP or different mutants of
SPOP. The new data regarding how they responded to single inhibitor of CBP/p300 (CPI-
637) or BET (JQ1) or the dual inhibitor NEO2734 are shown in Fig 6C and D.

In addition, to further strengthen the clinical relevance of the current study as this point is
also raised by the other Reviewer, we compared the expression of BRD4 and AR proteins in
Q165P mutated patient samples to the level of these proteins in a cohort of primary PCa and a
group of CRPC patient samples. Our new data show that BRD4 and AR protein levels in
Q165P mutant patient sample are comparable to those in patient samples harboring other
SPOP mutants (Fig 1D-G). Furthermore, AR protein level in Q165P patient samples was
slightly higher than the average AR protein level in CRPC patient tissues (Fig EV1E). Taken
together, our new data suggest that the findings with the Q165P mutant are generalizable to
other SPOP mutations.

General comments and questions:

1 - There are many typographical errors in the text and figures, which should be addressed.
Examples include page 6 "largely” should be "large"”, Figure 1C "trancating” should be "truncating",
but there are many errors and grammatical changes that would assist the reader in interpreting the
data.

Reply: We thank the Reviewer for pointing these out. We have carefully read through our
manuscript and corrected the typographical and grammatical errors in the text and Figures.

2 - The data presented in Figure 1D should be expanded to more samples, as selection of a single
SPOP WT for comparison is not compelling. Analysis of BRD3, and other BRD family members in
additional WT samples and SPOP mutant samples would assist in determining whether this
expression difference is due to SPOP mutation.

Reply: This is an excellent point. We have analyzed BRD4 expression by expanding IHC
staining in a cohort of 96 primary prostate cancer patient specimens, which include 85 SPOP
WT and 11 SPOP mutated samples (Fig 1D). Quantitative analysis of BRD4 IHC data shows
that similar to the majority of SPOP mutated samples, Q165P mutated prostate cancer (the
red dot in Fig 1E) expressed much higher level of BRD4 protein than the majority of SPOP
WT samples (Fig 1E). The BRD2 and BRD3 IHC staining results from WT and Q165P
mutant patient samples are shown in Fig EV1C.

3 - The number of samples in the "large" prostate cancer cohort in Figure 1 should be stated in the
legend.

Reply: We have stated the exact number in the legend of Fig 1C.
4 - In general, figure legends lack appropriate acknowledgment of the number of repeat experiments
performed, and this should be added throughout the manuscript to allow the reader to interpret the
robustness and significance of the data.

Reply: We thank the Reviewer for pointing this out. We have added the number of biological

replicates (n) in the experiments we performed and provided detailed statistical analysis
information in the figure legends.
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5 - T1 and T2 should be explained in the legend of Figure 2D.

Reply: That is a good point. We have provided the explanation for “T1” and “T2” in the
legend of Fig 2D.

6 - Figure 3 analysis should be done for the F133V mutant SPOP as a positive control to show that
the modelling works, and compare the changes seen between the two mutants. Indeed, it would be
interesting to undertake the modelling of a range of the hotspot mutations, to determine whether
these mutations are all predicted to alter the MATH domain structure, particularly those present in
the various organoid models available.

Reply: This is an excellent point. We have previously performed the computer
simulation/modelling for F133V mutant using ERG as a SPOP substrate (An et al., Molecular
Cell 59: 904-16, 2015). Consistent with the finding that F133V is a hotspot mutation of the
F133 residue that is located in the substrate binding surface of the MATH domain of SPOP
(Barbieri et al., Nature Genet 44: 685-689, 2012), our modeling data shows that the binding
of F133V to the substrate (e.g. ERG) is disrupted (An et al., Molecular Cell 59: 904-16,
2015). Slightly different from F133V, the binding of Q165P to its substrates such as BRD4
was substantially reduced, but not completely abolished (Fig 2A). Consistent with the protein
binding data, F133 resides within the MATH domain, but Q165 resides in the peripheral
region of the MATH domain and adjacent to the BTB domain, which is responsible for
dimerization of SPOP (Fig 1C). These findings are in agreement with our computer
simulation data showing that Q165P mutation leads to a large conformational change in the
MATH domain of SPOP, which might therefore subsequently affect the stability of SPOP to
dimer and ultimately impair SPOP binding and ubiquitination of its substrates. We have
added the new discussions in the Discussion section.

7 - Figure 4D and 4H require further quantitative analysis of colony number and size, with
associated statistics.

Reply: We apologize for not including the quantification data for Fig 4D and 4H. As
discussed above when we address the other reviewer’s question, we have repeated the
clonogenic assays and included mock (DMSO)-treated EV and SPOP mutated cells. The new
data from EV and Q165P DU145 cells treated with DMSO or NEO2734 are shown in Fig 4D
and the results from EV and F133V C4-2 cells treated with DMSO or NEO2734 are in Fig
7D. We also quantified the absolute colony numbers in these experiments and the new data
are shown in Fig 4E and Fig 7E.

8 - Additional analysis of the organoids treated in Figure 5G would be helpful. Is it possible to look
for markers of proliferation or apoptosis, rather than only using organoid size as a marker of
inhibition?

Reply: We thank the Reviewer for the great suggestion. We have performed IFC to examine
the expression of the proliferation marker Ki-67 and apoptotic marker cleaved Caspase-3 in

the organoids after the treatment with JQ1, CPI-637, the combination of JQ1 and CPI-637 or
NEO2734. The new staining and quantified data are shown in Fig 6E and 6F, EV5F and 5G.

9 - How was the control SPOP wt PDX model chosen? Analysis of other SPOP wt models by
western blot, IHC and IFC in Figure 6B, C and D would be helpful in determining whether these
effects are due to SPOP mutation or just differences in these two PDX models. Analysis of pAKT
by IFC in Figure 6D would also be beneficial.

Reply: This is an excellent point. The reason that we chose this SPOP wt PDX model is
because this WT PDX is also PTEN-null and it matches with the PTEN loss background of
Q165P PDX. The PTEN expression IHC data are shown in Fig 2E.

As suggested by the Reviewer, we have included another WT PDX sample in new
experiments (Fig EV3B, 3C and 3D) and added IFC staining of p-AKT-S473 in Fig EV3D.
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10 - While it is clear and consistent in this study that the dual inhibition is superior to JQ1 alone, the
author statements around both BET inhibitor resistance of SPOP as well as the specificity of the
dual inhibition for SPOP mutant are somewhat overstated. The previous Nature Medicine
publication clearly showed for the F133V mutant that it was refractory to JQ1, which the WT was
sensitive. However in this current study, both WT and SPOP mutant cells respond to the JQ1
inhibitor, and in both, the dual inhibition increases the response (Figure 7B-C). The same holds true
for AR, pAKT and pS6K, all of which are reduced in both WT and mutant PDXs. While it is true
that JQ1 has a smaller inhibitory effect in mutant PDXs, this is not consistent with BET inhibitor
"resistance™ as was shown for the F133V mutant in the Nature Medicine manuscript. The authors
should tone down these claims to more accurately reflect their data, which suggest that dual
inhibition works well in both SPOP wt and mutant cells. Discussion around the differences between
these two mutants should also be incorporated. In order to show that the inhibitors overcome the
BET inhibitor resistance, using the F133V mutant model would be required, or perhaps one of the
organoid models with SPOP mutants described in the discussion.

Reply: That is an excellent point. We have performed several new experiments to
experimentally address this concern. Specifically, we performed new mouse experiments
using F133V-expressing C4-2 xenografts in a manner similar to what we did for the Nature
Medicine publication (Zhang et al., Nature Medicine 23: 1055-1062, 2017), but treating mice
with either JQ1 or the dual inhibitor NEO2734. Consistent with our previous report in the
Nature Medicine paper, our new results demonstrated that C4-2 SPOP F133V tumors were
resistant to JQ1 (Fig 7F-H). Importantly, the differences in the sensitivity of F133V and
Q165P mutant tumors to JQ1 is consistent with the western blot data that F133V C4-2 tumors
expressed higher protein level of BRD4, RAC1 and phosphorylated AKT than Q165P PDX
(Fig 2D) and these factors are important for JQ1 resistance in F133V tumors (Zhang et al.,
Nature Medicine 23: 1055-1062, 2017). Notably, JQ1 resistance was overcome by the dual
inhibitor NEO2734 in both F133V and Q165P C4-2 xenografts (Fig 7G and H). Thus, to
more accurately reflect their data, we have toned down our claims by indicating in the revised
manuscript that Q165P cells are modestly responsive to JQ1 in vitro and in vivo whereas the
SPOP hotspot mutants such as F133V are resistant to JQ1. Importantly, we demonstrate that
both SPOP hotspot mutants and Q165P mutant prostate cancer cells are sensitive to the BET
and CBP/p300 dual inhibitor NEO2734 in vitro and in vivo.

Additionally, we also performed new experiments using prostate cancer organoid harboring
the SPOP hotspot mutant W131R (Fig 6C and D). Similar to F133V-expressing C4-2 cells in
culture and xenografts in mice, SPOP W131R mutant organoids were resistant to JQ1, but
this resistance was overcome by the dual inhibitor NEO2734 (Fig 6C and D), thereby
providing further support to our conclusion.

2nd Editorial Decision 17 August 2019

Thank you for the submission of your revised manuscript to EMBO Molecular Medicine. We have
now received the enclosed reports from the referees that were asked to re-assess it. As you will see
the reviewers are now globally supportive and I am pleased to inform you that we will be able to
accept your manuscript pending final editorial amendments.

REFEREE REPORTS
Referee #1 (Comments on Novelty/Model System for Author):

This is a much improved version and the authors have sufficiently addressed the comments raised by
this reviewer.

Referee #2 (Comments on Novelty/Model System for Author):

The authors have added numerous new experiments that have adequately addressed the issues with
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the model systems being used.
Referee #2 (Remarks for Author):

The authors have adequately addressed the questions from my original review. The new data
strengthen their conclusions and widen the impact of their findings.

2nd Revision - authors' response 20" August 2019

Authors’ Response to Editor’s and Reviewers’ Comments on the Manuscript EMM-2019-
10659-V2

*xxE* Reviewer's comments *****
Referee #1 (Comments on Novelty/Model System for Author):

This is a much improved version and the authors have sufficiently addressed the comments raised by
this reviewer.

Reply: We thank the Reviewer for the positive comments.

Referee #2 (Comments on Novelty/Model System for Author):

The authors have added numerous new experiments that have adequately addressed the issues with
the model systems being used.

Referee #2 (Remarks for Author):

The authors have adequately addressed the questions from my original review. The new data
strengthen their conclusions and widen the impact of their findings.

Reply: We thank the Reviewer for the positive comments.
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Reporting Checklist For Life Sciences Articles (Rev. June 2017)

This checklist is used to ensure good reporting standards and to improve the reproducibility of published results. These guidelines are
consistent with the Principles and Guidelines for Reporting Preclinical Research issued by the NIH in 2014. Please follow the journal’s
authorship guidelines in preparing your manuscript.

A- Figures
1. Data
The data shown in figures should satisfy the following conditions:

=> the data were obtained and processed according to the field’s best practice and are presented to reflect the results of the
experiments in an accurate and unbiased manner.
figure panels include only data points, measurements or observations that can be compared to each other in a scientifically
meaningful wav.
graphs include clearly labeled error bars for independent experiments and sample sizes. Unless justified, error bars should
not be shown for technical replicates.
if n< 5, the individual data points from each experiment should be plotted and any statistical test employed should be
iustified
Source Data should be included to report the data underlying graphs. Please follow the guidelines set out in the author ship
guidelines on Data Presentation.

>
>
>
>

2. Captions
Each figure caption should contain the following information, for each panel where they are relevant:
>

a specification of the experimental system investigated (eg cell line, species name).
the assay(s) and method(s) used to carry out the reported observations and measurements
an explicit mention of the biological and chemical entity(ies) that are being measured.

an explicit mention of the biological and chemical entity(ies) that are altered/varied/perturbed in a controlled manner.

the exact sample size (n) for each experimental group/condition, given as a number, not a range;

a description of the sample collection allowing the reader to understand whether the samples represent technical or

biological replicates (including how many animals, litters, cultures, etc.).

a statement of how many times the experiment shown was independently replicated in the laboratory.

definitions of statistical methods and measures:

* common tests, such as t-test (please specify whether paired vs. unpaired), simple x2 tests, Wilcoxon and Mann-Whitney
tests, can be unambiguously identified by name only, but more complex techniques should be described in the methods
section;

>
>
>
>
>
>
>

are tests one-sided or two-sided?

are there adjustments for multiple comparisons?

exact statistical test results, e.g., P values = x but not P values < x;
definition of ‘center values’ as median or average;

definition of error bars as s.d. or s.e.m.

Any descriptions too long for the figure legend should be included in the methods section and/or with the source data.

In the pink boxes below, please ensure that the answers to the following questions are reported in the manuscript itself.
Every question should be answered. If the question is not relevant to your research, please write NA (non applicable).

We encourage you to include a specific subsection in the methods section for statistics, reagents, animal models and human
subjects.

B- Statistics and general methods

http://1degreebio.or;

http://www.equator-network.org/reporting-guidelines/improving-bioscience-research-repor

http://grants.nih.gov/grants/olaw/olaw.htm
http://www.mrec.ac.uk/Ourresearch/Ethicsresearchguidance/Useofanimals/index.htm
http://ClinicalTrials.gov

http://www.consort-statement.or;

http://www.consort-statement.org/checklists/view/32-consort/66-title

http://www.equator-network.org/reporting-guidelines/reporting-recommendations-for-tumc

http://datadryad.org
http://figshare.com
htt)

‘www.ncbi.nim.nih.gov/ga,

http://www.ebi.ac.uk/ega
http://biomodels.net/

http://biomodels.net/miriam/

://jjj-biochem.sun.ac.za
‘oba.od.nih.gov/biosecurity/biosecuri

http://www.selectagents.gov,

documents.html

Please fill out these boxe: not worry if you cannot see all y¢

text once you press return)

1.a. How was the sample size chosen to ensure adequate power to detect a pre-specified effect size?

All results with error bars shown in this study were generated from at least three biological
replicates.

1.b. For animal studies, include a statement about sample size estimate even if no statistical methods were used.

For PDX and C4-2 cell xenograft mouse studies, at least five age- and tumor size-matched male
SCID mice were randomly grouped for the drug treatment. This statement is included in the
section of "Methods and Materials".

2. Describe inclusion/exclusion criteria if samples or animals were excluded from the analysis. Were the criteria pre-
established?

Animals were excluded from analysis only if they became ill or their weight dropped below 90% of
their original weight at the start of the experiment. However, no animals were excluded from the
current study.

3. Were any steps taken to minimize the effects of subjective bias when allocating animals/samples to treatment (e.g.
randomization procedure)? If yes, please describe.

NA

For animal studies, include a about r evenifnor was used.

For PDX and C4-2 cell xenograft mouse studies, at least five age- and tumor size-matched male
SCID mice were randomly grouped for the drug treatment and the tumor growth was monitored
blindly. This statement has been added in the section of "Software usage, generation of graphs and
statistical analysis" in Methods and Materials.

4.a. Were any steps taken to minimize the effects of subjective bias during group allocation or/and when assessing results
(e.g. blinding of the investigator)? If yes please describe.

NA

4.b. For animal studies, include a statement about blinding even if no blinding was done

[Tumor growth was measured blindly.

5. For every figure, are statistical tests justified as appropriate?

Yes, we used appropriate statistical tests for each figure.

Do the data meet the assumptions of the tests (e.g., normal distribution)? Describe any methods used to assess it.

Yes, all the data meet the assumptions of the tests. The P value between two groups was evaluated
by the two-tailed student t-test or Wilcoxon rank sum test with continuity correction. The P value
among several treatment groups was evaluated by one-way ANOVA analysis. Please refer to
"Figure Legends" and "Methods" for the details on each type of experiment.




Is there an estimate of variation within each group of data? Yes, we used standard error (SEM) of the mean as described in the Figure Legends.
Is the variance similar between the groups that are being statistically compared? NA
C- Reagents

6. To show that antibodies were profiled for use in the system under study (assay and species), provide a citation, catalog |Antibodies used are described in METHODS.
number and/or clone number, supplementary information or reference to an antibody validation profile. e.g.,
Antibodypedia (see link list at top right), 1DegreeBio (see link list at top right).

7. Identify the source of cell lines and report if they were recently authenticated (e.g., by STR profiling) and tested for We described the source of cell lines in Methods. All cell lines used in this study have been recently|
mycoplasma contamination. authenticated by CellCheck 9 (9 Marker STR Profile and Inter-species Contamination Test) and
tested for mycoplasma contamination by Lookout Mycoplasma PCR Detection Kit (Cat No: MP0035;
Sigma-Aldrich).

* for all hyperlinks, please see the table at the top right of the document

D- Animal Models

8. Report species, strain, gender, age of animals and genetic modification status where applicable. Please detail housing |The 6- to 8-week-old SCID male mice for both PDX and xenograft drug treatment experiments
and husbandry conditions and the source of animals. were generated in house and maintained in standard condition with a 12 h light/dark cycle and
access to food and water ad libitum.

9. For experiments involving live vertebrates, include a statement of compliance with ethical regulations and identify the |The animal study was approved by Institutional Animal Care and Use Committee (IACUC) of Mayo
committee(s) approving the experiments. Clinic and Committee of Canadian Council on Animal Care.

10. We recommend consulting the ARRIVE guidelines (see link list at top right) (PLoS Biol. 8(6), 1000412, 2010) to ensure |Yes
that other relevant aspects of animal studies are adequately reported. See author guidelines, under ‘Reporting
Guidelines’. See also: NIH (see link list at top right) and MRC (see link list at top right) recommendations. Please confirm
compliance.

E- Human Subjects

11. Identify the committee(s) approving the study protocol. The usage of cancer specimens was approved by Institutional Review Board (IRB) of Mayo Clinic
and BC Cancer Research Centre.

12. Include a statement confirming that informed consent was obtained from all subjects and that the experiments We have included this statement in the sections of “PCa patient samples and SPOP mutation
conformed to the principles set out in the WMA Declaration of Helsinki and the Department of Health and Human detection” and “Drug treatment of PDX and xenograft tumors” in Methods and Materials.
Services Belmont Report.

13. For publication of patient photos, include a statement confirming that consent to publish was obtained. NA
14. Report any restrictions on the availability (and/or on the use) of human data or samples. NA
15. Report the clinical trial registration number (at ClinicalTrials.gov or equivalent), where applicable. NA

16. For phase Il and Il randomized controlled trials, please refer to the CONSORT flow diagram (see link list at top right) |NA
and submit the CONSORT checklist (see link list at top right) with your submission. See author guidelines, under ‘Reporting
Guidelines’. Please confirm you have submitted this list.

17. For tumor marker prognostic studies, we recommend that you follow the REMARK reporting guidelines (see link list at |[NA
top right). See author guidelines, under ‘Reporting Guidelines’. Please confirm you have followed these guidelines.

F- Data Accessibility

18: Provide a “Data Availability” section at the end of the Materials & Methods, listing the accession codes for data NA
generated in this study and deposited in a public database (e.g. RNA-Seq data: Gene Expression Omnibus GSE39462,
Proteomics data: PRIDE PXD000208 etc.) Please refer to our author guidelines for ‘Data Deposition’.

Data deposition in a public repository is mandatory for:
a. Protein, DNA and RNA sequences

b. Macromolecular structures

c. Crystallographic data for small molecules

d. Functional genomics data

e. Proteomics and molecular interactions

19. D ition is strongly ri d for any datasets that are central and integral to the study; please consider the NA
journal’s data policy. If no structured public repository exists for a given data type, we encourage the provision of datasets
in the manuscript as a Supplementary Document (see author guidelines under ‘Expanded View’ or in unstructured
repositories such as Dryad (see link list at top right) or Figshare (see link list at top right).

20. Access to human clinical and genomic datasets should be provided with as few restrictions as possible while respecting|NA
ethical obligations to the patients and relevant medical and legal issues. If practically possible and compatible with the
individual consent agreement used in the study, such data should be deposited in one of the major public access-
controlled repositories such as dbGAP (see link list at top right) or EGA (see link list at top right).

21. Computational models that are central and integral to a study should be shared without restrictions and provided ina |NA
machine-readable form. The relevant accession numbers or links should be provided. When possible, standardized format
(SBML, CellML) should be used instead of scripts (e.g. MATLAB). Authors are strongly encouraged to follow the MIRIAM
guidelines (see link list at top right) and deposit their model in a public database such as Biomodels (see link list at top
right) or JWS Online (see link list at top right). If computer source code is provided with the paper, it should be deposited
in a public repository or included in supplementary information.

G- Dual use research of concern

22. Could your study fall under dual use research restrictions? Please check biosecurity documents (see link list at top NA
right) and list of select agents and toxins (APHIS/CDC) (see link list at top right). According to our biosecurity guidelines,
provide a statement only if it could.




