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1st Editorial Decision 09 December 2017

Thank you for the submission of your manuscript to EMBO Molecular Medicine. We have now
heard back from the three reviewers whom we asked to evaluate your manuscript.

As you will see, while the reviewers recognize the interest of this manuscript (although reviewer 2 is
less convinced overall), they raise many serious concerns.

The three evaluations, albeit with different degrees of emphasis, are remarkably overlapping in
terms of the fundamental issues raised. In general, there is agreement that there are many overstated,
insufficiently supported conclusions. I will not go into specifics, as the comments are quite detailed
and clear. However, I would like to mention a few main points: 1) The specificity of the inhibitor
against MY C-driven cancers remains unclear with lack of analysis on the status of MYC and CLK
proteins in the cell lines and patient datasets; 2) The molecular connection between MYC and CLK
proteins remains unclear; 3) The claim that MY C amplification/mutation predicts sensitivity to the
inhibitors is not supported by the data. The reviewers also lament the lack of important controls.

In conclusion, while publication of the paper cannot be considered at this stage, we would be willing
to consider a substantially revised submission, with the understanding that the Reviewers' concerns
must be addressed in full.

Since the required revision in this case appears to require a significant amount of time, additional
work and experimentation, might be technically challenging, and is with no guarantee of success, |
would understand if you chose to rather seek publication elsewhere at this stage. Should you do so,
and we hope not, we would welcome a message to this effect. Please note that it is EMBO
Molecular Medicine policy to allow a single round of revision only and that, therefore, acceptance
or rejection of the manuscript will depend on the completeness of your responses included in the
next, final version of the manuscript.
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As you know, EMBO Molecular Medicine has a "scooping protection" policy, whereby similar
findings that are published by others during review or revision are not a criterion for rejection.
However, I do ask you to get in touch with us after three months if you have not completed your
revision, to update us on the status. Please also contact us as soon as possible if similar work is
published elsewhere.

Please note that EMBO Molecular Medicine now requires a complete author checklist
(http://embomolmed.embopress.org/authorguide#editorial3) to be submitted with all revised
manuscripts. Provision of the author checklist is mandatory at revision stage; The checklist is
designed to enhance and standardize reporting of key information in research papers and to support
reanalysis and repetition of experiments by the community. The list covers key information for
figure panels and captions and focuses on statistics, the reporting of reagents, animal models and
human subject-derived data, as well as guidance to optimise data accessibility.

We now mandate that all corresponding authors list an ORCID digital identifier. You may do so
though our web platform upon submission and the procedure takes < 90 seconds to complete. We
also encourage co-authors to supply an ORCID identifier, which will be linked to their name for
unambiguous name identification.

Please carefully adhere to our guidelines for authors
(http://embomolmed.embopress.org/authorguide) to accelerate manuscript processing in case of
acceptance.

I look forward to reading your revised manuscript in due time.

wEkxEE Reviewer's comments *#%#%
Referee #2 (Remarks):

In this manuscript Iwai et al. have developed a new CLK inhibitor (T-025), elegantly characterized
it molecularly and in a series of complementary experiments show interesting evidence of its
potential anti-tumor properties. The authors suggest that this compound mechanism of actions goes
via the modulation of alternative pre-mRNA splicing functions. These effects are shown in several
cellular models, with emphasis in the Myc-driven cancer context. The authors provide in vivo
evidence of chemically targeting CLK, and show interesting anti-tumor effects in xenograft and
allograft models upon oral administration of the drug. Overall, the manuscript reports convincing
evidence of the biological relation between MY C amplification/mutation and CLK inhibition in
terms of drug sensitivity, however it is not clear the molecular connection between the two since
they are controlling different splicing pathways. Additionally, it would be interesting to analyze
whether MY C may transcriptionally regulate CLK as it is described for others putative splicing
regulators as PRMTS (Koh et al. 2015). Therefore, it would be relevant to study the status of MYC
and CLK proteins in the different cell lines or patients datasets. Collectively, this manuscript reports
an interesting development and a set of relevant findings, however some important points that need
further clarification.

Major points

- In the Figure 2A total levels of total CLK?2 also decreases when T-025 is added. How come? Is the
inhibitor also affecting CLK?2 stability? Or as mentioned about, MYC controls CLK2 transcription
and there exist a potential positive feedback loop which may explain the interdependency between
both although mechanistically their splicing actions are mutually exclusive.

- Authors show that skipping exon 11 of BCLAF1 is one of the most significant effects upon CLK2
inhibition. However, it is not explained the consequence of this aberrant splicing in terms of the
functionality of Bcl2 associated transcription factor. Overall, it is unclear why this effects are so
specific of transformed cells and do not occur in normal cells. In other words, is the inhibitor
altering the spliciosome in non transformed cells (i.e. human mammary epithelial cells or MCF10A
immortalized but not transform cells)

- Figure 4 D, E, and F: it is not specified the name of all cancer dell lines used in the study. This is
an important issue since the status of MYC in MDA-MB 468 cancer cell line is not showed and it is
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relevant the work. If only SKBR3 and AU565 cell lines have a high MYC CVN, and consequently
are more sensitive to T-025, why did the authors use MDA-MB 468 cell line to do the experiments
of Figure 2 and 3? Please clarify. In addition, confirmation in an alternative breast cancer cell line is
needed.

- According to figure 4 D, E, F the enrichment of T-025 sensitivity is related with MYC status in
breast cancer cell lines, whereas there is not significant correlation when leukemia or lymphoma
cells are analyzed. It is not clear why the authors use melanoma and osteosarcoma cancer cell lines
to perform MY C-inducible experiments. Selecting a breast cancer cell line with unaltered MYC and
overexpress the protein to test the synergistic effect in combination with T-025 would be a more
adequate strategy to fully determine the importance of MY C status for T-025 sensitivity in breast
cancer. In addition, why CNV above 8 is needed to explain the effect. 8q amplification in breast
cancer (including Myc) is a commonly reported event, however none of the cell lines reported to
have such gain seem to respond. Please clarify.

- MMTV- MYC transgenic mice tumors are used to fully validate the CLK inhibitor in vivo by
using allograft models. However, the authors should explain why they used this system instead
treating MMTV-MY C mice with T-025, which is more physiologically reliable. Please clarify

- It is unclear what is the role of DYRKI1A in all the effects reported. Given the kinetic properties it
is almost as good as a target as CLK2 and although it has been previously reported to act as a tumor
suppressor, no experiments role out its contribution. Does the T-025 inhibitory effects persist in the
absence of DYRK1A by means of knockdown?

- It is unclear what is the contextual clinical relevance of the current findings in terms of patient
population and potential patient stratification to be treated based on MYC status.

Minor points

- Figure 2 D and supplementaty S2C: control of cells treated with DMSO should be used in parallel.
- Line 111: "largely" is repeated in the same sentence and seems inappropriate to describe an event
which either occur or does not.

- Figure 2C is not cited in the manuscript

- Line 126: Figure 2D is referred but there is no relation with the text in this part of the manuscript.
- Statistics in figure 6 B, C, D, and F is missing.

- In the discussion, please avoid interpreting the magnitude of your data relevance (line 229-232). In
addition please rephrase the text between lines 236 and 239. It is unclear what is the message to be
conveyed.

Referee #3 (Remarks):

Iwai and colleagues synthesized a CLK inhibitor (T-025) capable of modulating CLK-mediated
splicing. Authors claim that T-025 exhibits higher anti-proliferative activity specifically against

MY C-driven cancers, given the previously known susceptibility of these tumors to spliceosome
inhibition. The concept of targeting a vulnerability of MYC is pertinent given the relevance of this
transcription factor in cancer, and T-025 does seem to have some selective inhibitory activity against
CLK-family members. Nevertheless the experiments presented in this manuscript do not fully
demonstrate the specificity of this inhibitor against MY C-driven cancers. Overall the manuscript is
poorly discussed, has some statements not supported by the experimental data, and lacks flow
(several figure panels are not called chronologically in the text).

It is puzzling why the focus of the work is on MYC when (1) authors find several other biomarker
candidates associated with T-025 sensitivity besides MY C mutation/amplification (Figure 4C); and
(2) the correlation between MYC amplification and T-025 sensitivity is only statistically significant
in breast cancer (with only 2 cell lines with MYC amplification), and not significant in the other two
tested tumor types: leukemia or lymphoma. It is also unclear why did authors chose these three
tumor types to perform this analysis, and should be explained. These results do not give strength to
the hypothesis and indicate that the correlation sensitivity to T-025 and MYC levels is at best
context dependent.
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Authors claim that that CLK inhibition functions as a novel pre-mRNA splicing modulation-based
anti-cancer strategy for MYC-driven cancers. It is not clear why did authors chose these cell lines
for the experiments in Figures 2, 3 and 6. Are they MYC-driven cancer cells? How do these models
support the hypothesis? Did authors performed experiments with T-025 in non-MY C-driven
cancers? Authors miss a clear loss of function experiment in order to conclude the specificity of T-
025 in MYC-driven cancers.

What was the criteria used to terminate the in vivo experiments, given that their duration and, as a
consequence, their outcome are so variable. For example, in Figure 3D the experiment lasted 22
days with control tumors rather small (volume <300 mm3) and a substantial tumor growth
impairment. However the experiment of Figure S3C was kept for approximately 55 days (volume of
control tumors >2000 mm3) and despite the initial response, tumors from the treated arms seem to
have developed resistance to T-025. This observation suggests that T-025 single treatment will not
treat these tumors. Is the experiment represented in Figure S3C illustrating what would have
happened with the other tumor models if these would have been kept for longer time in experiment?
These discrepancies should at least be discussed in the manuscript.

Authors start the Discussion section by writing that "Our findings clearly demonstrate that CLK
inhibition is a highly effective treatment strategy against MY C-activated cancers". With the above
mentioned, this is clearly an overstatement.

Figure 6E - What is the rational behind a gain of function experiment, when T-025 sensibility does
not seem to correlate with MYC levels demonstrated in Figure 4?

Figure 2B - how long was the T-025 treatment for this IC50 calculation? Also 72h, as in the 240-cell
panel experiment?

Figure 3B - scale bar is missing
Figure S3B and S3C - how many mice were used per cohort?

Figure S3D is missing.

Referee #4 (Remarks):

The authors describe a novel inhibitor of the CLK2 kinase, an oncogenic kinase which regulates
RNA splicing. They explore the idea that these compounds may be effective against MY C-driven
tumors on the basis that MY C may generally deregulate basal transcription and predispose tumors
cells to splicing disturbance. The concept to target MY C-driven tumors via interfering with alternate
splicing has been suggested previously, but still remains interesting and some of the data presented
here are indeed very interesting. In the current form, the manuscript raises a number of major issues
that need to be addressed prior to publication. For example, the major claim that MY C amplification
or mutation predicts sensitivity to the inhibitors is not supported by the panels shown in Figure 4.
Also, many elements and panels are very hard to understand.

Major issues

Figure 1 states that all other kinases are inhibited to less than 90% at 300nM, but this still means that
many kinases are massively inhibited at the concentrations used in the subsequent experiments. In
my view, the authors need to provide clear data that the observed data are on-target activities of the
inhibitors. For example, the crystal structure should enable the authors to identify a point mutant
allele of CLK2 that is more resistant to the inhibitor. Failing this, the authors should show that
depletion/deletion of CLK2 has similar effects on splicing and that the inhibitor has less/no
additional effects in CLk2 depleted/deleted cells.

Figure 2: Figure 2B does not match Figure 2A.

© European Molecular Biology Organization



EMBO Molecular Medicine - Peer Review Process File

BF is undefined and APSI is not clearly defined. If APSI is really "percentage splice-in", none of the
effects is significant. The normalization of APSI is unclear.

In Figure 2E, the difference between 100nM and 300nM is unclear.

It would be important to see immunoblots of some of the affected proteins to judge the significance
and magnitude of the effects.

Figure 4:

The resolution of panels A and - in particular B- is too low, looks like these are screenshots. I cannot
read the legend of panel B.

Which of the circles- the size of which is unexplained - is the MYC one is not clear. Neither seems
to match the values given in panel C. Also, the rationale why two test are used, is unclear.

Panels D,E,F give p-values for the mutation or amplification status, which makes no sense. The
authors should just determine what it is and give the numbers and mutations. Critically, none of
these three panels supports the claim that MY C-amplified or mutated cancer cells are particularly
sensitive to the inhibitor. For this, much stronger data would be necessary.

In the description of this figure, the authors state: "Both MY C amplification and mutation lead to
MYC activation": I do not think that this is consistent with the literature.

The analysis suggests that several mutations can enhance sensitivity to these drugs, some with
significantly lower p-values that MYC. It would be good to see one or two oft he other predictions
tested.

Figure 6

Why is the colour code different from panel 2A?

As before, it would be important to see immunoblots of some of the affected proteins to judge the
significance and magnitude of the effects.

The authors should also perform a bioinformatics analysis to provide some insight which exons are
skipped? Do they have a particular feature? Are they in genes of a specific functional category?
How does exon skipping in these genes affect cell growth?

Immunoblots of MYC levels relative to endogenous MYC levels of some tumor cells should be
shown to judge the magnitude of overexpression.

1st Revision - authors' response 19 March 2018

In light of the referees’ comments, we took another close look at our data, including new
experimental data and the analysis results thereof. From this, we found that the higher growth-
suppressive effect of T-025 in MY C-activated cancer cell lines was not observed in breast cancer
cells, but might nevertheless be applicable to other solid cancers. We have revised the manuscript
substantially, particularly the bioinformatics analysis, the explanation of the connection between
sensitivity to T-025 and the expression of CLK2, and details of the relationship between MY C and
CLKs as follows:

- T-025 was more effective in all MYC-amplified solid cancer cell lines, not just in breast cancer
cell lines (Fig. 3B).

- There was a statistically significant correlation between growth-inhibitory sensitivity to T-025
and CLK2 mRNA expression (Fig. 3C) or CLK2 protein level (Fig. 4A). In addition, the degree
of alternative splicing (AS) in response to T-025 depended on the CLK2 protein level in each
cell (Fig. 4).

- We have also added results regarding the molecular relationship between MYC and CLKs (Fig.
6), and clinical observations based on MYC amplification and CLK2 expression (Fig. 7C).

Revised manuscript Initial manuscript Main data and Changes

Fig No. Fig No.

Figure 1 Figure 1 Structure of T-025 (Not changed)

Figure 2 Figure 2 and Figure = The results of T-025 in MDA-MB-468 cells both in

3 vitro and in vivo are shown.

Figure 3 Figure 4 We have added new analysis results regarding

(EVI1, EV2, and EVS) Oncopanel 240 and modified figures (e.g. analysis
of CLK2 expression, the name of cell lines)

Figure 4 Figure S2 and new We have added new results regarding CLK2
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(and EV3) data expression and AS sensitivity to T-025
Figure 5 Figure 6 and new MYC activation and sensitivity to T-025

data We have added results obtained using siRNAs
Figure EV4 Figure 5 and new Comparison to another CLK inhibitor

data We have added new data regarding the comparison

of AS

Figure 6 New data Molecular connection between CLKs and MYC
Figure 7 Figure 7 and new We have added results of our analysis of the

data clinical database

In response to the points raised by the referees, we would like to make the following remarks.

A) The bioinformatics analysis showed that MYC-amp/mut is associated with sensitivity to T-025

B)

We apologize for the unclear figures and results. In the original manuscript, we used a figure
from Eurofins Inc. to illustrate the bioinformatics analysis. The reason we chose breast cancer,
leukemia, and lymphoma cell lines is that the literature showed that breast and hematological
cancers with MY C activation are vulnerable to spliceosome inhibition (Hsu et al, 2015; Koh et
al, 2015).

In this revised manuscript, to make the results and interpretation clearer, we have re-analyzed
the data using 169 (150 solid and 19 hematological) of the total 240 cell lines whose genomic
data could be obtained from the CCLE database (Fig EV2A). The genomic data as well as the
definitions of amplification and driver mutation were obtained from the cBioportal website
(http://www.cbioportal.org/index.do). In the cBioportal, to determine copy number status,
GISTIC2 was run using the GenePattern website, using CCLE segmented data downloaded
from the CCLE website. The mutations were cross-checked with OncoKB (http://oncokb.org/#/)
to determine driver mutations. We also checked MYC translocation in the Guide to Leukemia-
Lymphoma Cell Lines by Dr. Hans G. Drexler @ edition).

No solid cancer cell lines with an MYC-driver mutation were observed in the 150 cell lines.
Importantly, solid cancer cell lines with amplified MYC (n = 29) were significantly more
sensitive to T-025 than solid cancer cell lines without amplified MYC (n = 121) (** p = 0.0042)
(Fig. 3B). On the contrary, we did not observe higher sensitivity to T-025 in MY C-altered
hematological cancer cell lines (amplified, driver-mutated, or translocated MYC) (Fig. EV2B).
Based on these analytical results, we concluded that various solid cancer cell lines, not only
breast cancer cell lines, with MYC amplification were more sensitive to T-025 than solid cancer
cell lines without MYC amplification.

The reasons we chose the cell lines

MDA-MB-468 cells

We apologize for our unclear explanations, particularly regarding the purpose of each
experiment. We performed our fundamental CLK research using MDA-MB-468 cells (Araki et
al, 2015) and found that other CLK inhibitors induced dephosphorylation of SR proteins, global
alternative splicing, and cell death in MDA-MB-468 cells. In addition, RNAi-mediated
knockdown of CLK1 and/or CLK2 causes exon 7 of RPS6KBI to be skipped in MDA-MB-468
cells. Although MDA-MB-468 cells do not have amplified MYC, we used this cell line to see
whether treatment with T-025 resulted in the CLK inhibition-mediated phenotypes that had
already been reported.

We have revised the manuscript to improve clarity of the background information and facilitate
readers’ understanding.

MY C-inducible cell lines of non-breast cancers

An unbiased analysis performed by Eurofins, Inc. showed that various cancer cell lines with
MY C-amplifications/mutations were more sensitive to T-025 than those without MY C-
alteration. Because MY C-inducible SK-MEL-28 cells (He et al, 2017) and U20S cells had
already been established when we obtained the Oncopanel result, we used this cell line to
confirm the biological relationship between MY C and CLK inhibition. In addition, U20S cells
were used to detect the effect of DYRKIA.
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Although our new analysis revealed that not only breast cancer cell lines but also solid cancer
cell lines with MYC amplification were more sensitive to T-025 than solid cancer cell lines
without MYC amplification, we performed an siRNA experiment using MYC-amplified breast
cancer cell lines (Fig 51).

Referee #2 (Remarks):

In this manuscript Iwai et al. have developed a new CLK inhibitor (T-025), elegantly characterized
it molecularly and in a series of complementary experiments show interesting evidence of its
potential anti-tumor properties. The authors suggest that this compound mechanism of actions goes
via the modulation of alternative pre-mRNA splicing functions. These effects are shown in several
cellular models, with emphasis in the Myc-driven cancer context. The authors provide in vivo
evidence of chemically targeting CLK, and show interesting anti-tumor effects in xenograft and
allograft models upon oral administration of the drug. Overall, the manuscript reports convincing
evidence of the biological relation between MY C amplification/mutation and CLK inhibition in
terms of drug sensitivity, however it is not clear the molecular connection between the two since
they are controlling different splicing pathways. Additionally, it would be interesting to analyze
whether MY C may transcriptionally regulate CLK as it is described for others putative splicing
regulators as PRMTS (Koh et al. 2015). Therefore, it would be relevant to study the status of MYC
and CLK proteins in the different cell lines or patients datasets. Collectively, this manuscript reports
an interesting development and a set of relevant findings, however some important points that need
further clarification.

Major points

- In the Figure 2A total levels of total CLK2 also decreases when T-025 is added. How come? Is the
inhibitor also affecting CLK2 stability? Or as mentioned about, MYC controls CLK2 transcription
and there exist a potential positive feedback loop which may explain the interdependency between
both although mechanistically their splicing actions are mutually exclusive.

We thank the referee for these comments. It has already been reported that phosphorylation of CLK2
at pS98 contributes to the protein stability of CLK2, and CLK inhibitor (TG003) promotes
degradation of the CLK2 protein (Rodgers et al, 2010). Our results are consistent with this report.
CLK2 FPKM values calculated from RNA-Seq (Fig 2C) showed that the expression level of CLK2
was not decreased in response to T-025 treatment (below).
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The decreased level of CLK2 protein in response to T-025 is thought to be due to reduced protein
stability as a result of inhibition of kinase activity, rather than suppression of CLK2 transcription.
We have explained this fully in the revised manuscript.

In light of your comments, we tested whether MYC activation increased CLK2 mRNA. However,
we found no upregulation of CLK2 following MY C induction, although we confirmed upregulation
of PRMTS in our cell line, indicating that CLK?2 is not a direct transcriptional target of MYC (Fig.
6A). In addition, we did not observe stabilization of the CLK2 protein after MYC activation
(Appendix Fig. 5B and Fig 6E).

- Authors show that skipping exon 11 of BCLAF1 is one of the most significant effects upon CLK2
inhibition. However, it is not explained the consequence of this aberrant splicing in terms of the
functionality of Bcl2 associated transcription factor. Overall, it is unclear why this effects are so
specific of transformed cells and do not occur in normal cells. In other words, is the inhibitor
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altering the spliciosome in non transformed cells (i.e. human mammary epithelial cells or MCF10A
immortalized but not transform cells)

Although alternative splicing of BCLAF '] is reported to have an additional function in colorectal
cancer (Zhou et al, 2014), the reported AS variant was different from the AS variant (lacking exon
11) produced by T-025. We did not investigate the implications of the BCLAF variant lacking exon
11; however, in general, our previous reports show that aberrant AS variants caused by CLK
inhibitors tend to lose their stability and degrade rapidly (Araki et al, 2015).

In terms of the difference between cancer cells and normal cells, CLK inhibitor T3 causes similar
AS in both cancer cell lines (HCT116) and untransformed cell lines (W"TERT) (Funnell et al, 2017).
Our results in the present study also showed that the CLK inhibitor causes similar AS in all tested
cell lines. These data suggest that downstream AS in response to CLK inhibition is common in
normal and cancer cells.

Unfortunately, we do not have a clear answer to your question about the effect of T-025 being so
specific to transformed cells. However, we did show that untransformed normal cell lines (Wi38 and
BJ) had relatively low expression of CLK2 and less growth-suppressive sensitivity to T-025 (Fig
4B). Our data showed that the expression level of CLK2 in the cancer cell line was correlated with
the degree of AS in response to T-025 (Fig 4E), suggesting that increased expression of CLK2
rendered cancer cells more sensitive to T-025. In addition, we revealed that MY C activation and the
CLK inhibitor synergistically caused cell death (Fig. 5). Based on these data, we hypothesize that
short-term treatment with T-025 causes apoptosis only in cancer cells with high expression of CLK2
or with activated MYC, but not in normal tissue. Therefore, in the mouse model, intermittent
treatment with T-025 exhibited in vivo anti-tumor properties without severe body weight loss.

- Figure 4 D, E, and F: it is not specified the name of all cancer dell lines used in the study. This is
an important issue since the status of MYC in MDA-MB 468 cancer cell line is not showed and it is
relevant the work. If only SKBR3 and AUS565 cell lines have a high MYC CVN, and consequently
are more sensitive to T-025, why did the authors use MDA-MB 468 cell line to do the experiments
of Figure 2 and 3? Please clarify. In addition, confirmation in an alternative breast cancer cell line is
needed.

As we mentioned above, although MDA-MB-468 cells do not have amplified MYC, we used MDA-
MB-468 cells to check the CLK inhibition-dependent phenotype, which had already been reported
using different CLK inhibitors or an RNAi-mediated CLK knockdown. The in vitro growth-
suppressive sensitivity of SKBR3 or AU565 to T-025 was equivalent to that of MDA-MB-468. The
name of the cell line is indicated in Fig. EVS.

To demonstrate the effect of T-025 in another MY C-driven breast cancer, we conducted in vivo anti-
tumor efficacy studies in SUM-159 xenografts. The SUM-159 cell line has been reported as an

MY C-driven breast cancer cell line (Hsu et al, 2015), and was not included among the 240 tested
cancer cell lines. As shown below, T-025 showed significant anti-tumor properties in this model,
suggesting that T-025 is effective for MY C-driven breast cancer cell line xenografts.

2000  _@- vehicle

1500 —EF T-02550 mg/ig

500

Tumor volume (mmJ)

T T T T 1
4‘ 8‘ 12 ‘ 16 20
Days after treatment

Mean +sem (n = 8)
**p =0.0091 (Student's t-test, F-test p = 0.0745)

- According to figure 4 D, E, F the enrichment of T-025 sensitivity is related with MYC status in
breast cancer cell lines, whereas there is not significant correlation when leukemia or lymphoma
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cells are analyzed. It is not clear why the authors use melanoma and osteosarcoma cancer cell lines
to perform MY C-inducible experiments. Selecting a breast cancer cell line with unaltered MYC and
overexpress the protein to test the synergistic effect in combination with T-025 would be a more
adequate strategy to fully determine the importance of MY C status for T-025 sensitivity in breast
cancer. In addition, why CNV above 8 is needed to explain the effect. 8q amplification in breast
cancer (including Myc) is a commonly reported event, however none of the cell lines reported to
have such gain seem to respond. Please clarify.

The reasons for our choice of non-breast MY C-inducible cancer cell lines are detailed above.
Regarding the CN'V, we re-analyzed the Oncopanel data with a new definition of amplification
based on a commonly used method. We found that MYC-amplified solid cancer cell lines were more
sensitive to T-025 than non-MYC-amplified solid cancer cell lines. Among breast cancer cell lines,
MYC-amplified cell lines tended to be sensitive to T-025, but not significantly (p = 0.0712, Fig.
EV5).

- MMTV- MYC transgenic mice tumors are used to fully validate the CLK inhibitor in vivo by
using allograft models. However, the authors should explain why they used this system instead
treating MMTV-MYC mice with T-025, which is more physiologically reliable. Please clarify

We agree with this reviewer’s comment. Using MMTV-MYC mice to evaluate T-025 is
physiologically more reliable than using an allograft model. However, it is relatively easy to handle
the experiment using the allograft, and this enabled us to obtain robust results and to conduct a
multiple-arm study to evaluate multiple compounds. Therefore, we established the allograft model
before this CLK-MYC study. When we initiated this study, we did not maintain the live mice;
therefore, we performed the experiment using frozen allograft tumors.

- It is unclear what is the role of DYRKI1A in all the effects reported. Given the kinetic properties it
is almost as good as a target as CLK?2 and although it has been previously reported to act as a tumor
suppressor, no experiments role out its contribution. Does the T-025 inhibitory effects persist in the
absence of DYRK1A by means of knockdown?

We conducted a growth inhibition assay of T-025 in MCF7 or SKBR3 cells pre-transfected with
DYRKIA siRNA. As shown in Fig 5I and Appendix Fig S4B, knockdown of DYRK 1A did not
attenuate the growth-inhibitory effect of T-025. In addition, our data suggested that the effect of T-
025 was mainly attributable to CLK inhibition for the following reasons;

- Growth inhibition sensitivity of T-025 was correlated with the CLK2 expression level, not to
that of other CLK or DYRK family kinases (Fig. EVIB).

- The degree of AS in response to T-025 was correlated with the expression level of CLK2 in
each cell line (Fig. 4).

- U20S cells are reported to be one of the cell lines with the lowest expression and CNV of
DYRKIA (Appendix Fig S4A). Our data indicated that U20S cells treated with T-025 showed
growth suppression and MY C-dependent increased sensitivity to T-025 (Fig 5).

These data suggest that the effect of T-025 was mainly attributable to CLK inhibition and unlikely to

be due to inhibition of DYRKI1A. We added these thoughts about the effect of DYRK1A inhibition

to the discussion part of our revised manuscript.

- It is unclear what is the contextual clinical relevance of the current findings in terms of patient
population and potential patient stratification to be treated based on MYC status.

In the breast cancer patient database, MYC amplification was observed in approximately 20% of
patients. When we divided these patients based on their CLK2 mRNA levels, patients with both high
CLK2 and MYC amplification had the worst prognoses (Fig. 7C, Appendix Fig S6B). We would
expect the CLK inhibitor to be more effective in these patients. Unfortunately, we could not find a
clinical database that held the CLK2 protein expression data, although we showed that the protein
level of CLK2 was also correlated to the sensitivity to T-025 in this revised manuscript.

Minor points

- Figure 2 D and supplementary S2C: control of cells treated with DMSO should be used in parallel.
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We apologize that we did not explain normalization clearly enough. These figures show the number
of AS events in which the PSI difference (APSI) between DMSO and the treatment sample (e.g. 30
nmol/L) was larger than 0.1. These figures do not indicate the PSI values at each concentration. The
PSI and APSI values of BCLAFI exon 11, as an example, have been shown below.

/"‘7‘;‘_»“\

Control __/' ‘c«i_ ﬁ-«/"Ju 0.1
1 bbb

® 30 nmol/L V 0.77 0.02
0
®
et}
<
8
= | 100mmort I . by, 0.27 0.52

300 nmol/L l l.“ 0.13 0.66

We have modified the figures (Figs 2C, 4C, 6C) to make this clear.

- Line 111: "largely" is repeated in the same sentence and seems inappropriate to describe an event
which either occur or does not.

- Figure 2C is not cited in the manuscript

- Line 126: Figure 2D is referred but there is no relation with the text in this part of the manuscript.

- Statistics in figure 6 B, C, D, and F is missing.

- In the discussion, please avoid interpreting the magnitude of your data relevance (line 229-232). In
addition please rephrase the text between lines 236 and 239. It is unclear what is the message to be
conveyed.

We thank the referee for these comments. We have corrected the manuscript accordingly. Statistical
tests in Fig 5C, G, and I are shown in Appendix Fig S as ICs, values and 95% confidential intervals.

Referee #3 (Remarks):

Iwai and colleagues synthesized a CLK inhibitor (T-025) capable of modulating CLK-mediated
splicing. Authors claim that T-025 exhibits higher anti-proliferative activity specifically against

MY C-driven cancers, given the previously known susceptibility of these tumors to spliceosome
inhibition. The concept of targeting a vulnerability of MYC is pertinent given the relevance of this
transcription factor in cancer, and T-025 does seem to have some selective inhibitory activity against
CLK-family members. Nevertheless the experiments presented in this manuscript do not fully
demonstrate the specificity of this inhibitor against MY C-driven cancers. Overall the manuscript is
poorly discussed, has some statements not supported by the experimental data, and lacks flow
(several figure panels are not called chronologically in the text).

It is puzzling why the focus of the work is on MYC when (1) authors find several other biomarker
candidates associated with T-025 sensitivity besides MY C mutation/amplification (Figure 4C); and
(2) the correlation between MYC amplification and T-025 sensitivity is only statistically significant
in breast cancer (with only 2 cell lines with MYC amplification), and not significant in the other two
tested tumor types: leukemia or lymphoma. It is also unclear why did authors chose these three
tumor types to perform this analysis, and should be explained. These results do not give strength to
the hypothesis and indicate that the correlation sensitivity to T-025 and MYC levels is at best
context dependent.

© European Molecular Biology Organization
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We apologize for any unclear explanations, particularly regarding the purpose of each experiment.
(1) We set up a large-scale growth inhibition panel and found several biomarker candidates just
before the Nature papers were published. Since the external publications reflected the internal data,
we focused on MYC for further validation.

(2) As we have detailed above, we re-analyzed the data using another definition of MYC
amplification. We found solid cancer cell lines with MYC amplification were more sensitive to T-
025 than other solid cancer cell lines, but not hematological cancer cell lines with MYC alterations
(Fig 3B and Fig EV2).

Authors claim that that CLK inhibition functions as a novel pre-mRNA splicing modulation-based
anti-cancer strategy for MYC-driven cancers. It is not clear why did authors chose these cell lines
for the experiments in Figures 2, 3 and 6. Are they MY C-driven cancer cells? How do these models
support the hypothesis? Did authors performed experiments with T-025 in non-MY C-driven
cancers? Authors miss a clear loss of function experiment in order to conclude the specificity of T-
025 in MYC-driven cancers.

As mentioned above, we performed the experiments using MDA-MB-468 to show the CLK
inhibition-mediated phenotypes of T-025 in comparison with those of RNA1, which have already
been published. These data were not intended to support the MYC hypothesis.

As MY C-inducible cell lines, as detailed above, we used non-MY C-driven cancer cell lines to
determine the effect of MYC activation.

We also performed the MYC knockdown experiment in the MYC-amplified breast cancer cells
SKBR3 or MCF7, and found that reduced expression of MYC rendered SKBR3 or MCF7 cells less
sensitive to T-025 (Fig. 5I and Appendix Fig S4B).

What was the criteria used to terminate the in vivo experiments, given that their duration and, as a
consequence, their outcome are so variable. For example, in Figure 3D the experiment lasted 22
days with control tumors rather small (volume <300 mm3) and a substantial tumor growth
impairment. However the experiment of Figure S3C was kept for approximately 55 days (volume of
control tumors >2000 mm3) and despite the initial response, tumors from the treated arms seem to
have developed resistance to T-025. This observation suggests that T-025 single treatment will not
treat these tumors. Is the experiment represented in Figure S3C illustrating what would have
happened with the other tumor models if these would have been kept for longer time in experiment?
These discrepancies should at least be discussed in the manuscript.

We apologize for the unclear statement in the manuscript. However, the referee’s comment that the
MV-4-11 tumors became resistant is not true. Drug treatment was performed during the first two
weeks only, and after that, we merely monitored tumor sizes and body weights without treatment to
observe regrowth of the tumors, because the MV-4-11 tumors were very thin and had almost
disappeared by day 15.

We generally studied anti-tumor efficacy for two or three weeks. Since the growth of MDA-MB-468
tumors was slow, we continued to treat them with T-025 for a total of three weeks. We never treated
mice with T-025 for more than three weeks.

We have modified the figures to show efficacy during the treatment cycles to improve readers’
understanding.

Authors start the Discussion section by writing that "Our findings clearly demonstrate that CLK
inhibition is a highly effective treatment strategy against MY C-activated cancers". With the above
mentioned, this is clearly an overstatement.

We have corrected the manuscript according to your comment.

Figure 6E - What is the rational behind a gain of function experiment, when T-025 sensibility does
not seem to correlate with MYC levels demonstrated in Figure 4?

As mentioned above, because the external publications (Hsu et al, 2015; Koh et al, 2015) reflected
the internal data, we performed the gain of function experiments. We did not have a rationale to
perform the MYC experiments if external publications had not been published. We confirmed that
MYC induction in our SK-MEL28 cells significantly increased total RNA synthesis using the Click-
iT™ RNA kit (see below).
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Therefore, our data supported the hypothesis that MYC activation-mediated RNA deregulation, such
as increased global RNA synthesis (RNA amplification) and modulation of AS renders cancer cells
vulnerable to spliceosome inhibition.
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Figure 2B - how long was the T-025 treatment for this IC50 calculation? Also 72h, as in the 240-cell
panel experiment?

Yes, 72 h.

Figure 3B - scale bar is missing
Figure S3B and S3C - how many mice were used per cohort?
Figure S3D is missing.

We thank the referee for these comments. We have corrected the manuscript accordingly.

Referee #4 (Remarks):

The authors describe a novel inhibitor of the CLK2 kinase, an oncogenic kinase which regulates
RNA splicing. They explore the idea that these compounds may be effective against MY C-driven
tumors on the basis that MYC may generally deregulate basal transcription and predispose tumors
cells to splicing disturbance. The concept to target MY C-driven tumors via interfering with alternate
splicing has been suggested previously, but still remains interesting and some of the data presented
here are indeed very interesting. In the current form, the manuscript raises a number of major issues
that need to be addressed prior to publication. For example, the major claim that MY C amplification
or mutation predicts sensitivity to the inhibitors is not supported by the panels shown in Figure 4.
Also, many elements and panels are very hard to understand.

Major issues

Figure 1 states that all other kinases are inhibited to less than 90% at 300nM, but this still means that
many kinases are massively inhibited at the concentrations used in the subsequent experiments. In
my view, the authors need to provide clear data that the observed data are on-target activities of the
inhibitors. For example, the crystal structure should enable the authors to identify a point mutant
allele of CLK2 that is more resistant to the inhibitor. Failing this, the authors should show that
depletion/deletion of CLK2 has similar effects on splicing and that the inhibitor has less/no
additional effects in CLk2 depleted/deleted cells.

Regarding the suggested experiments, we found that ectopic expression of wild-type CLK2 or

RNAi-mediated reduction of CLK2 impaired the growth of cells. Therefore, we believe it would be
difficult to judge the effect of T-025 in these growth-impaired cells.

© European Molecular Biology Organization
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Regarding the similarity between T-025 and CLK?2 deletion, we showed that the skipped exon 7 of
PRS6KBI was observed by RNA1 of CLK2 and T-025. In addition, we found that T-025 and another
CLK inhibitor T3 showed similar AS (Fig EV4C). It had already been reported that ASs induced by
T3 largely overlapped those induced by CLK1/2/3/4 RNAi (Funnell et al, 2017); hence, we deduced
that T-025 and depletion of CLKs caused a similar splicing effect.

To add support to the idea that this effect was caused by CLK inhibition, we noted that the
spontaneous expression level of CLK2 is correlated to the growth-suppressive sensitivity and the
degree of AS in response to T-025 treatment (Figs 3C and 4A). Furthermore, T3, another CLK
inhibitor, exhibited a similar profile of growth suppression of 60 cancer cell lines, modulation of AS,
and increased MY C-dependent vulnerability (Fig EV4).

In addition, HIPK2 is one of the most potent kinases inhibited by T-025, apart from CLK and
DYRK family kinases. However, we did not observe suppression of Ser46 due to p53 (pS46 p53)
phosphorylation, at a direct phosphorylation site of HIPK2, up to 1000 nmol/L (see below, from Fig.
2A). Since pS46 p53 was also reported to be phosphorylated by other kinases, this result did not
clearly show selectivity, but it could support the observation that T-025 did not inhibit HIPK?2 in
cells up to 1000 nmol/L.
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These data suggest that the effect of T-025 was mainly attributable to CLK inhibition.
Figure 2: Figure 2B does not match Figure 2A.

In quantifying the bands of pCLK2, the background of this immunoblotting around 50 kDa was
relatively high and the band was shifted in the T-025 treated samples (below); thus, we could not
remove the background effect, because the relative band intensity did not reduce to near 0.
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BF is undefined and APSI is not clearly defined. If APSI is really "percentage splice-in", none of the
effects is significant. The normalization of APSI is unclear. In Figure 2E, the difference between
100nM and 300nM is unclear.

!

!

According to the MISO software, the Bayer Factor (BF) represents the weight of the evidence in the
data in favor of differential expression versus the weight of evidence not in favor. For example, a
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Bayes factor of 2 would mean that the isoform/exon is two times more likely to be differentially
expressed than not. We have added comments about this in the materials and methods section of the
revised manuscript.

We have also added PSI values to the sashimi plot of BCLAF1 to show the difference between 100
nmol/L and 300 nmol/L (Appendix Fig SIE).

As we have mentioned above (in answer to referee #2), these figures show the number of AS events
whose PSI difference between the DMSO and treatment sample (e.g. 30 nmol/L) is larger than 0.1
(APSI > 0.1). We have modified the figures to clarify this.

APSI > 0.1 is a widely used cutoff value when comparing the splicing pattern in SRSF2 P95H cells
and in wild-type cells (Kim et al, 2015) or between the vehicle treatment sample and the E7107
(SF3BI-mediated splicing modulator) treatment sample (Lee et al, 2016).

It would be important to see immunoblots of some of the affected proteins to judge the significance
and magnitude of the effects.

We have added the data from the immunoblot to Appendix Fig. S1D. The protein levels of S6K, of
which exon 7 was skipped by T-025, were reduced by T-025 treatment. We also performed
immunoblotting of MY C-inducible cells treated with T-025 and presented the data in Fig 6E.

Figure 4:

The resolution of panels A and - in particular B- is too low, looks like these are screenshots. I cannot
read the legend of panel B.

Which of the circles- the size of which is unexplained - is the MYC one is not clear. Neither seems
to match the values given in panel C. Also, the rationale why two test are used, is unclear.

We apologize for the unclear figure. The unbiased analysis and the figure were performed at
Eurofins Inc. The exact reason why they used two tests are used is not clear, but statistical
evaluation by using two different tests, a student’s t-test (parametric test) and a fisher’s exact test
(non-parametric test), would reduce false positives because the numbers or variation of each
biomarker positive samples is varied in an unbiased comprehensive bioinformatics analysis.

Panels D,E,F give p-values for the mutation or amplification status, which makes no sense. The
authors should just determine what it is and give the numbers and mutations. Critically, none of
these three panels supports the claim that MY C-amplified or mutated cancer cells are particularly
sensitive to the inhibitor. For this, much stronger data would be necessary.

As described in A), in this revised manuscript, we re-analyzed the Oncopanel data using 169 cell
lines, whose genomic data could be obtained from the CCLE database. Consequently, we now claim
that MYC amplification is associated with the sensitivity to T-025 in solid cancer cell lines but not in
hematological cancer cell lines. To support our claim, we showed that MYC amplified solid cancer
cell lines were statistically sensitive to non MYC amplified solid cancer cell lines (Fig 3B). The
names of cell lines from representative tissues such as breast, lung, colon, and CNS tissue and its
MYC amplification status are shown in Fig EV5.

In the hematological cancer cell lines, increased sensitivity in MYC altered cell lines (amplified,
driver mutated, or translocated MYC) was not observed (Fig EV2). The names of the hematological
cancer cell lines and its MYC family gene status are also shown in Fig EV2.

In the description of this figure, the authors state: "Both MY C amplification and mutation lead to
MYC activation": I do not think that this is consistent with the literature.

Thank you for your comment. We agree with your comment and have removed the sentence from
the main text.

In this revised manuscript, we carefully checked the MYC gene alterations. Regarding mutations, we
divided them into driver and passenger mutations using the OncoKB database.

The analysis suggests that several mutations can enhance sensitivity to these drugs, some with
significantly lower p-values that MYC. It would be good to see one or two oft he other predictions

tested.

We thank the referee for this comment. We have checked the mutations of ZFP106, FBN3, AUTS?2,
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or PCM1, where p-values were lower than for MYC. However, the role of these mutations in cancer
has not been demonstrated yet. The involvement of CREBBP, CHD7, ROBO2, or ASXLI in
sensitivity to T-025 might be addressed in future publications. In light of this comment, however, we
have added some thoughts about the relationship between sensitivity and mutations in CREBBP or
ROBO? to the Discussion section of our revised manuscript.

Figure 6
Why is the colour code different from panel 2A?

This was an error and we have corrected the figure accordingly.

As before, it would be important to see immunoblots of some of the affected proteins to judge the
significance and magnitude of the effects.

Immunoblots of MYC levels relative to endogenous MYC levels of some tumor cells should be

shown to judge the magnitude of overexpression.

The immunoblotting results, including a comparison of endogenous MY C expression levels and
ectopic expression levels in SK-MEL-28, are shown below (modified Fig 6E).
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Although the ectopic expression of MYC was higher than the endogenous level in MYC-amplified
cells, we showed that depletion of MYC by siRNA rendered cancer cells less sensitive to T-025 (Fig
51), suggesting that physiological expression level of MYC affect sensitivity to T-025.

The authors should also perform a bioinformatics analysis to provide some insight which exons are
skipped? Do they have a particular feature? Are they in genes of a specific functional category?
How does exon skipping in these genes affect cell growth?

We performed bioinformatics analysis and found that genes with exons skipped by T-025 were
enriched in DNA repair, cell cycle and RNA export pathways (Fig. 4F). The feature (e.g. motif) of
the skipped exon caused by a CLK inhibitor (T3) has been investigated thoroughly and reported in a
previous paper (Funnell et al, 2017). Since the skipped exons caused by T3 and those caused by T-

025 largely overlapped (Fig EV4C), we did not include this bioinformatics analysis in this
manuscript.
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2nd Editorial Decision 12 April 2018

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 the following final amendments:

Please submit your revised manuscript within two weeks. I look forward to seeing a revised form of
your manuscript as soon as possible.

I look forward to reading a new revised version of your manuscript as soon as possible.

wokdak Reviewer's comments **#%#
Referee #2 (Remarks for Author):
Iwai and colleagues have thoroughly updated their manuscript addressing most of my concerns. The

authors support their initial hypothesis with new data and experiments that reinforce the relation
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between MYC status and CLK2 expression in terms of T-025 sensitivity, although with significant
heterogeneity depending on tumor type. Particularly, the new clinical data showing that breast
cancer patients with high-expression of CLK2 and MY C amplification have worse outcome. MYC
downregulation in MY C-amplified breast cancer cell lines (SK-BR3 and MCF-7) sensitizes cells to
T-025 treatment independently of CLK?2 status. Overall, these results suggest that although both
CLK2 levels and MYC status are important factors for determining drug sensitivity, the effect that
these two have in the response is not always accumulative and depends on tumor cell type.

Overall, the manuscript has significantly improved from the reviewing process.

Referee #3 (Comments on Novelty/Model System for Author):

Multiple cell line models and in vivo models used

Referee #3 (Remarks for Author):

The original version of this manuscript was substandard. The revised manuscript has been improved
significantly. The emphasis of the revised manuscript on the link between MYC expression and
response to T-025 makes this story quite interesting. That link was suggested in the first version, but

that data was far from compelling. This MY C connection is now much more solid and suggests a
biomarker-driven strategy to take this drug to the clinic.
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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 way.
<> graphs include clearly labeled error bars for independent experiments and sample sizes. Unless justified, error bars should
not be shown for technical replicates.
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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.

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.

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

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
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Please fill out these boxe: (Do not worry if you cannot see all your text

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

\We did not perform any statistical method to chose the sample size.
Number of cell lines in Fig3 and Figé were based on the service provided by Eurofins. Inc.

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

We did not perform statistical test to determine sample size. We did animal studies with five or
eight mice per arm. Only in Fig EV4E, we did efficacy study with 3 mice per arm due to limited
number of implanted animals.

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

We excluded arms of other compound (Fig 7A and 7B) or another regimen (Fig 2G and EV4D) from
the in vivo efficacy study. The conclusions were not changed even if we include all samples.

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.

See below

For animal studies, include a statement about randomization even if no randomization was used.

Yes. We described in materials and methods.

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.

The panel of growth inhibition assays (Fig 3A and 6C) and its initial bioinformatics analysis (Fig EV3)
'was performed at Eurofins Inc.. They did not know the infomation of compounds (target or
mechanism of action).

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

No. We did not blinding in animal study.

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

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

Yes. We performed Kolmogorov—Smirnov test.

Is there an estimate of variation within each group of data?

Is the variance similar between the groups that are being statistically compared?

Yes

C- Reagents



D- Animal

6. To show that antibodies were profiled for use in the system under study (assay and species), provide a citation, catalog
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).

We described catalog number of commercially available antibodies.
The validation data and epitope of pCLK2 antibody was described in Appendix Fig S1.

7. Identify the source of cell lines and report if they were recently authenticated (e.g., by STR profiling) and tested for
mycoplasma contamination.

All cell lines used in this study were valid as micoplasma negative. We excluded the protein
expression data of micoplasma status unknown cell lines (Appendix Fig S3)

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

| Models

8. Report species, strain, gender, age of animals and genetic modification status where applicable. Please detail housing
and husbandry conditions and the source of animals.

We described in Materials and Method section

9. For experiments involving live vertebrates, include a statement of compliance with ethical regulations and identify the
committee(s) approving the experiments.

We described in Materials and Method section

E- Human Subjects

top right). See author guidelines, under ‘Reporting Guidelines’. Please confirm you have followed these guidelines.

10. We recommend consulting the ARRIVE guidelines (see link list at top right) (PLoS Biol. 8(6), 1000412, 2010) to ensure |Comfirmed
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.

11. Identify the committee(s) approving the study protocol. NA
12. Include a statement confirming that informed consent was obtained from all subjects and that the experiments NA
conformed to the principles set out in the WMA Declaration of Helsinki and the Department of Health and Human

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 Ill 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

F- Data Accessibility

G- Dual u:

18: Provide a “Data Availability” section at the end of the Materials & Methods, listing the accession codes for data
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

We deposited the RNA sequence data and structure data.

respecting 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).

19. Deposition is strongly recommended for any datasets that are central and integral to the study; please consider the  |Yes
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 NA

21. Computational models that are central and integral to a study should be shared without restrictions and provided in a
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
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.

We cited bioinformatics programs used in this study. e.g. MISO, Cytoscape, cBioportal

se research of concern

22. Could your study fall under dual use research restrictions? Please check biosecurity documents (see link list at top
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.

No




