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1st Editorial Decision 23 October 2017

Thank you for your patience while your manuscript was peer-reviewed for EMBO reports. We have
now received the enclosed referee reports.

As you will see, the referees acknowledge that the findings are potentially interesting. However,
they also raise several concerns that would need to be addressed in order to strengthen the study.
Going through the reports, I think that all concerns should be addressed, and especially all missing
controls must be provided.

We would thus like to invite you to revise your manuscript with the understanding that the referee
concerns must be fully addressed and their suggestions taken on board. Please address all referee
concerns in a complete point-by-point response. Acceptance of the manuscript will depend on a
positive outcome of a second round of review. It is EMBO reports policy to allow a single round of
revision only and acceptance or rejection of the manuscript will therefore depend on the
completeness of your responses included in the next, final version of the manuscript.

Revised manuscripts should be submitted within three months of a request for revision; they will
otherwise be treated as new submissions. Please contact us if a 3-months time frame is not sufficient
for the revisions so that we can discuss this further. You can either publish the study as a short
report or as a full article. For short reports, the revised manuscript should not exceed 27,000
characters (including spaces but excluding materials & methods and references) and 5 main plus 5
expanded view (EV) figures. The results and discussion sections must further be combined, which
will help to shorten the manuscript text by eliminating some redundancy that is inevitable when
discussing the same experiments twice. For a normal article there are no length limitations, but it
should have more than 5 main figures and the results and discussion sections must be separate. In
both cases, the entire materials and methods must be included in the main manuscript file.
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Regarding data quantification, please specify the number "n" for how many experiments were
performed, the bars and error bars (e.g. SEM, SD) and the test used to calculate p-values in the
respective figure legends. This information must be provided in the figure legends. Please also
include scale bars in all microscopy images.

We now strongly encourage the publication of original source data with the aim of making primary
data more accessible and transparent to the reader. The source data will be published in a separate
source data file online along with the accepted manuscript and will be linked to the relevant figure.
If you would like to use this opportunity, please submit the source data (for example scans of entire
gels or blots, data points of graphs in an excel sheet, additional images, etc.) of your key
experiments together with the revised manuscript. Please include size markers for scans of entire
gels, label the scans with figure and panel number, and send one PDF file per figure or per figure
panel.

We would also welcome the submission of cover suggestions, or motifs to be used by our Graphics
Ilustrator in designing a cover.

As part of the EMBO publication's Transparent Editorial Process, EMBO reports publishes online a
Review Process File (RPF) to accompany accepted manuscripts. This File will be published in
conjunction with your paper and will include the referee reports, your point-by-point response and
all pertinent correspondence relating to the manuscript.

You are able to opt out of this by letting the editorial office know (emboreports@embo.org). If you
do opt out, the Review Process File link will point to the following statement: "No Review Process
File is available with this article, as the authors have chosen not to make the review process public

in this case."

I look forward to seeing a revised version of your manuscript when it is ready. Please let me know if
you have questions or comments regarding the revision.

REFEREE REPORTS
Referee #1:

Review of Jeong et al "Oncoprotein CIP2A regulates the disassembly of primary cilia and glycolytic
metabolism". In this manuscript, the authors investigated whether CIP2A, a centrosomal protein and
regulator of the PP2A phosphatase, was important in cilia assembly and in turn for metabolic
regulation. CIP2A is an apparent oncogene and might be expected to inactivate cilium when
overexpressed. Indeed, they find that CIP2A overexpression induced primary cilia disassembly,
which requires Aurora A and Nek?2 kinases. The authors found Nek2 by screening all of the Nek
kinases, and also find Nek7 and Nek 11 bind CIP2A. Conversely CIP2A depletion increased ciliated
cell number and ciliary length in retinal pigment epithelium (RPE) cells. This did not appear to be a
direct consequence of cell cycle or autophagy changes, which could have been linked. Using a
Seahorse physiometer, the authors show that CIP2A depletion also shifted metabolism toward the
glycolytic pathway, and that this was linked to altering the expression of metabolic genes related to
glycolysis, including LDHA, which is a HIF1 target. They did not exclude more direct, non-
transcriptional effects. Nonetheless, glycolytic activation in CIP2A-depleted cells did not require
cilia assembly, although enhanced cilia assembly did somewhat activate glycolytic metabolism. We
don't know that much about ciliary disassembly, except for the role of Aurora A. The regulation of
AurA by CIP2A is a nice new step in regulation of primary cilia disassembly. Although CIP2A
depletion induces metabolic reprogramming independent of primary cilia, it is intriguing to think
that there might be a link.

The data are straightforward, and nicely presented with appropriate quantitation and statistics. The
effects are more believable as they are clear but not all or nothing (which many labs oversell by
making the ciliation data too black and white, usually by choosing short time points). It think the
result is of interest to people in the cilia, cell cycle, and centriole fields and suitable for EMBO
reports. I don't have any major additional experiments.
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Referee #2:

In this manuscript Jeong et al. identify the cancerous inhibitor of protein phosphatase 2A (CIP2A) as
a regulator of the disassembly of primary cilia. Cilia are sensory organelles present on many
mammalian cells and dysfunction of cilia is causative for many different types of diseases,
summarized as ciliopathies. The vast majority of ciliopathies are hereditary syndromes, that overlap
phenotypically and genetically and lack any causative therapy. Cilia are nucleated from the basal
body, which is a modified mother centriole. This is linking cilia to the cell cycle. A ciliary cell cycle
checkpoint has been suggested: cilia are built in GO and have to be disassembled prior to reentry into
mitosis. This fact together with ciliary signaling networks connects cilia to cancer. Consistently,
cancer cells typically (with some minor exceptions) show reduced numbers of cilia.

In this study, the authors describe that overexpression of CIP2A induces ciliary disassembly by
activating Aurora A. Consistently, the authors observe an increase in ciliated cells and ciliary length
when knocking down CIP2A in retinal pigment epithelial cells (RPE1). Independent of primary
cilia, they observe a metabolic shift towards glycolysis upon depletion of CIP2A. A similar shift
occurs in cells lacking cilia. Taken together, this is an interesting study on an important topic.
However, I have some concerns that should be addressed by the authors:

1) Looking at Fig. 1, it will be important to address the question, whether or not the effect of CIP2A
depletion on ciliary dynamics is dependent on NEK2 by combining siRNA against CIP2a and
NEK2. Later, Fig 3E suggests, that this might not be the case. Moreover, the siRNAs must be
validated and the knockdown of CIP2a/Nek?2 in the RPEs must be confirmed by WB or at least by
qPCR.

2) Another important and easy-to-address question: Where exactly is CIP2A localized at the ciliary
base? Adding stainings with additional markers of the ciliary base would be helpful (e.g.
pericentrin/gammaTub for the basal body (BB) and Nphpl or RPGRIP1L as marker for the
transition zone (TZ) distal from the BB). This would allow to determine whether CIP2a localizes to
BB or TZ or both. It might also be useful to replace "centrosome" in the text and legend by "basal
body" or "ciliary base".

3) Given the finding that NEK2 interacts with CIP2A and regulates ciliary dynamics, and that
inhibition of NEK2 does not modulated the CIP2A effect (Fig 3E) the exact role of NEK2 is elusive.
Is NEK2 required for the localization of CIP2A at the ciliary base or vice versa? Or do NEK2 and
CIP2a represent two independent pathways the accidentally collide at the ciliary base? This should
be studies or discussed more in detail.

4) The finding that cilia are not associated with the metabolic effects of CIP2a is, although negative,
very interesting. However, the ECAR data presented in Fig. SA (control curve) are different from
the curve in Fig 4F. How can this be explained? In addition: Does the knockdown of CIP2A restore
ciliogenesis in the CEP290 KO cell lines?

5) More detailed information on the RPE KO cell lines should be provided. How exactly were they
generated and validated? Most likely, this was done by Crispr/Cas9 mediated NHEJ. What is the
exact INDEL mutation they carry?

Minor points:

1. Introduction, 2nd paragraph: Cilia do not just depend on the cell cycle, but the cell cycle is
regulated by cilia. This bi-directional aspect is missing. Introducing a "ciliary checkpoint" would
make it easier for the reader the understand the link to cancer. Based on this, the description of Fig.
2 A/B and the conclusion should probably be rephrased.

2. Introduction, 2nd paragraph: For the at hand paper, the landmark study of Pugacheva et al. might
be as relevant as the later work on Nek2 and Kif24 (Ref 18). Thus, I would suggest to rephrase this
part and highlight the work on AurA/HEF (Ref 19).

3. Introduction: The introduction is a little "jumpy". Why not putting the part on the Warburg effect
(first part of 3rd paragraph) to the end or to results/discussion?

4. Fig 1 B: A negative control for the IP should be provided using a control antibody. Do the signals
in the lysates (input) also represent CIP2A? If yes, is there any explanation for the size shift as
compared to the precipitates? Please discuss this more detailed in the manuscript.

5. Fig 1C: In the picture presented GFP alone is also enriched at the centrosome. Is there any
explanation?
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6. Fig 3A: This CO-IP is lacking important negative controls. To exclude unspecific precipitation
IPs with control antibody must be added for every individual NEK subtype. Alternatively, the IP
should be performed with anti-GFP, then hunting for CIP2A in the lysates. For this, the
experimental design shown in Fig. 3A would fit. In Fig. 3B the negative control for AurA is
missing.

7. Result section on Fig 3: The Fig. numbers are mixed up starting with Fig. 3D. 3D must be C, 3E
must be D, etc.

8. MWST are missing and should be added to all immunoblots presented in this study.

9. I would recommend to shorten the discussion slightly and to remove the speculations on the use
of a ketogenic diet "to prevent cancer and improve cancer treatment". It is neither my job nor my
responsibility as reviewer. But I would recommend to be more careful at this point. Just imagine that
patients (or untalented physicians) read this and draw wrong and probably fatal conclusions.

10. Ist line abstract and intro: I would suggest to replace "eukaryotic" by "mammalian". Otherwise
the superlative "most" might be debatable.

Referee #3:

This work aims to demonstrate that CIP2A, an inhibitor of protein phosphatase 2A, regulates both
ciliogenesis and metablism. The topic is very interesting. My major concern is that this work does
not show sufficient evidence that CIP2A undergoes changes during physiological ciliogenesis
conditions. Please find below my specific comments.

1. Overall the writing is not well done. I have difficulities in understanding some of the text. The
description of the results in some of the figure legends or in the text is too simple.

For example, Fig. 1B, It is not described how the experiments were done. How long were the cells
serum-starved? The time shown in the figure is not clearly indicated for serum starvation or serum
stimulation. I bet it is for serum stimulation.

Fig. 3E what is the "control"[] I thought you have a condtion where the inhibitor was not added (0
um).

Fig. 4F S.S. was used in describing the conditions. I bet it means serum starvation, it should be
explained in the text or figure legend.

2. Knockout or overexpression of an gene may generate novel phenotypes. One critical question is
whether this molecule undergoes any changes during physiological conditions.

Overexpression or knockout of CIP2A indeed modulates ciliogenesis. However, I did not find strong
evidence that shows physiological relevance. Fig.2B may be the only data to show this. But I think it
is not supportive. The size of the bands shown in the input is different from that from IP, so I think
these bands are non-specific. For the Co-IP data, because c-tubulin is low in serum starvation and
1.5h, it is really hard to say any changes oeverall (in comparison with the later times). It is better
using IgG as control, because c-tubulin may also undergo changes during these conditions.

What I would like to see is that the authors should demonstrate whether CIP2A undergo changes
during ciliary assembly or shortening. For example, after serum stimulation, CIP2A may be
increased at around the waves of ciliary shortening or decreased during serum starvation.

3. The fucntion of CIP2A is shown by RNAi. The RNAI effect on the proein level of CIP2A should
be shown in the formal figures.

4. The data on aurara-A activation is not strong. In Fig. 3D. The loading of Gst-aurora A is more
than the rest samples.

5. CIP2A affects metabolism. But ,this work did not reveal how CIP2A regulate metabolism. It

seems to me that this part of work is only descriptive. But I agree that it nicely showed that
ciliogenesis is not involved.
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1st Revision - authors' response 20 January 2018

Referee #1:

Review of Jeong et al "Oncoprotein CIP2A regulates the disassembly of primary cilia and glycolytic
metabolism". In this manuscript, the authors investigated whether CIP2A, a centrosomal protein and
regulator of the PP2A phosphatase, was important in cilia assembly and in turn for metabolic
regulation. CIP2A is an apparent oncogene and might be expected to inactivate cilium when
overexpressed. Indeed, they find that CIP2A overexpression induced primary cilia disassembly,
which requires Aurora A and Nek?2 kinases. The authors found Nek2 by screening all of the Nek
kinases, and also find Nek7 and Nek 11 bind CIP2A. Conversely CIP2A depletion increased ciliated
cell number and ciliary length in retinal pigment epithelium (RPE) cells. This did not appear to be a
direct consequence of cell cycle or autophagy changes, which could have been linked. Using a
Seahorse physiometer, the authors show that CIP2A depletion also shifted metabolism toward the
glycolytic pathway, and that this was linked to altering the expression of metabolic genes related to
glycolysis, including LDHA, which is a HIF1 target. They did not exclude more direct, non-
transcriptional effects. Nonetheless, glycolytic activation in CIP2A-depleted cells did not require
cilia assembly, although enhanced cilia assembly did somewhat activate glycolytic metabolism. We
don't know that much about ciliary disassembly, except for the role of Aurora A. The regulation of
AurA by CIP2A is a nice new step in regulation of primary cilia disassembly. Although CIP2A
depletion induces metabolic reprogramming independent of primary cilia, it is intriguing to think
that there might be a link.

The data are straightforward, and nicely presented with appropriate quantitation and statistics. The
effects are more believable as they are clear but not all or nothing (which many labs oversell by
making the ciliation data too black and white, usually by choosing short time points). It think the
result is of interest to people in the cilia, cell cycle, and centriole fields and suitable for EMBO
reports. I don't have any major additional experiments.

We thank the referee for the meaningful review and will further elucidate cilia-mediated
metabolic reprogramming mechanism and ciliary dynamics regulated by oncoproteins.

Referee #2:

In this manuscript Jeong et al. identify the cancerous inhibitor of protein phosphatase 2A (CIP2A) as
a regulator of the disassembly of primary cilia. Cilia are sensory organelles present on many
mammalian cells and dysfunction of cilia is causative for many different types of diseases,
summarized as ciliopathies. The vast majority of ciliopathies are hereditary syndromes, that overlap
phenotypically and genetically and lack any causative therapy. Cilia are nucleated from the basal
body, which is a modified mother centriole. This is linking cilia to the cell cycle. A ciliary cell cycle
checkpoint has been suggested: cilia are built in GO and have to be disassembled prior to reentry into
mitosis. This fact together with ciliary signaling networks connects cilia to cancer. Consistently,
cancer cells typically (with some minor exceptions) show reduced numbers of cilia.

In this study, the authors describe that overexpression of CIP2A induces ciliary disassembly by
activating Aurora A. Consistently, the authors observe an increase in ciliated cells and ciliary length
when knocking down CIP2A in retinal pigment epithelial cells (RPE1). Independent of primary
cilia, they observe a metabolic shift towards glycolysis upon depletion of CIP2A. A similar shift
occurs in cells lacking cilia. Taken together, this is an interesting study on an important topic.
However, I have some concerns that should be addressed by the authors:

1) Looking at Fig. 1, it will be important to address the question, whether or not the effect of CIP2A
depletion on ciliary dynamics is dependent on NEK2 by combining siRNA against CIP2a and
NEK2. Later, Fig 3E suggests, that this might not be the case. Moreover, the siRNAs must be
validated and the knockdown of CIP2a/Nek?2 in the RPEs must be confirmed by WB or at least by
qPCR.

Answer: We agree that cotreatment effect of CIP2A and NEK2 siRNAs is informative, thus we
have added the result of ciliary dynamics when CIP2A and NEK2 were co-depleted. The result
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has been updated in revised Fig. 1H and described in the result section on page 6. We were not
able to observe additive increase in both CIP2A and NEK2 knockdown.

NEK?2 and CIP2A depletion increased the percentage of ciliated cells almost to 80-90 percent,
respectively. Thus, we think it is likely hard to further increase the percentage of ciliated cells
by both depletion. Therefore, to determine whether cilia disassembly by CIP2A depends on
NEK2, CIP2A was overexpressed to reduce the percentage of ciliated cells and then NEK2
inhibitor was treated to examine the percentage of ciliated cells (Fig. 3E and F). Because no
change was observed in the percentage of ciliated cells, we think that NEK2 is not associated
with CIP2A-mediated cilia disassembly.

We have also validated the depletion effect of CIP2A and NEK2 siRNAs in the RPE1 cells by
immunoblot. Data are included in revised Fig. 1F and Fig. 1H.

2) Another important and easy-to-address question: Where exactly is CIP2A localized at the ciliary
base? Adding stainings with additional markers of the ciliary base would be helpful (e.g.
pericentrin/gammaTub for the basal body (BB) and Nphpl or RPGRIP1L as marker for the
transition zone (TZ) distal from the BB). This would allow to determine whether CIP2a localizes to
BB or TZ or both. It might also be useful to replace "centrosome" in the text and legend by "basal
body" or "ciliary base".

Answer: To address where CIP2A localizes exactly, we performed staining with markers
including y-tubulin (basal body), CEP164 (distal end of centriole), CEP290 (proximal end of
centriole), and TMEMG67 (transition zone). As CIP2A co-localized with TMEM67, which is a
marker for the transition zone (TZ), we conclude that CIP2A localizes at TZ. We have added
the staining results in Fig. 1A and described it on page 5.

3) Given the finding that NEK2 interacts with CIP2A and regulates ciliary dynamics, and that
inhibition of NEK2 does not modulated the CIP2A effect (Fig 3E) the exact role of NEK2 is elusive.
Is NEK2 required for the localization of CIP2A at the ciliary base or vice versa? Or do NEK2 and
CIP2a represent two independent pathways the accidentally collide at the ciliary base? This should
be studies or discussed more in detail.

Answer: To address whether CIP2A localization at TZ is NEK2 dependent, we observed
CIP2A localization in NEK2 depleted cells or NEK2 inhibitor treated cells. Neither NEK2
depletion nor NEK2 inhibition changed the localization of CIP2A. We have added this
additional experiment data on page 8 as Expanded View Fig. 2. Based on this additional result,
at least CIP2A and NEK2 are likely to regulate ciliogenesis by two independent pathways.

4) The finding that cilia are not associated with the metabolic effects of CIP2a is, although negative,
very interesting. However, the ECAR data presented in Fig. SA (control curve) are different from
the curve in Fig 4F. How can this be explained? In addition: Does the knockdown of CIP2A restore
ciliogenesis in the CEP290 KO cell lines?

Answer: We found that extracellular acidification rate (ECAR) is sensitive with serum. When
cells are incubated with serum-free media or Hank’s Balanced Salt Solution (HBSS), the
ECAR data showed a smoothed slope compared with cells with serum-containing media
(Referee Fig. 1A). Because RPE1 CEP290 KO cells were serum starved for 24 h in Fig. 4F and
cells were serum starved for 48 h in Fig. SA, it is likely that the ECAR curve shows different
slope. In addition, we examined whether ciliogenesis would be restored in CIP2A-depleted
RPE1 CEP290 KO cells. However, ciliogenesis restoration was not observed (Referee Fig. 1B).

5) More detailed information on the RPE KO cell lines should be provided. How exactly were they
generated and validated? Most likely, this was done by Crispr/Cas9 mediated NHEJ. What is the
exact INDEL mutation they carry?

Answer: RPE1 KO cell line was generated by CRISPR/Cas9 mediated NHEJ. INDEL
mutation was confirmed by sequencing. Indeed, RPE1 CEP290 KO cells did not express
CEP290 protein (Referee Fig. 1C). This work was performed by a collaborator who does not
want to use this data before his publication. Thus, we did not add this information in
manuscript.
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Minor points:

1. Introduction, 2nd paragraph: Cilia do not just depend on the cell cycle, but the cell cycle is
regulated by cilia. This bi-directional aspect is missing. Introducing a "ciliary checkpoint" would
make it easier for the reader the understand the link to cancer. Based on this, the description of Fig.
2 A/B and the conclusion should probably be rephrased.

Answer: We have included the aspect that referee #2 suggested in the introduction part as
below on page 3.

Primary cilia are decreased or lost in a variety of cancer types, including breast, prostate,
ovarian, skin, and pancreatic cancer and in renal cell carcinoma and basal cell carcinoma [1-
6]. In general, it was considered that the appearance and disappearance of primary cilia
passively depend on the cell cycle [7, 8]. However, recent studies have shown that primary cilia
do not just depend on cell cycle and actively act as a checkpoint to prevent cell cycle re-entry
[9, 10]. Therefore, it is assumed that the absence of the primary cilia may promote
tumorigenesis by dysregulating the cell cycle.

Also, as the referee recommended, we have rewritten the description of Fig. 2A and B in the
result section as below on page 6.

We next determined whether CIP2A-mediated cilia dynamics could regulate the cell cycle. No
significant change in cell cycle distribution was observed in either CIP2A-depleted (Fig. 2A) or
CIP2A-overexpressing (Fig. 2B) cells. Because ciliary dynamics are regulated by the cell cycle
as well as other factors, it is conceivable that CIP2A-mediated ciliogenesis is not closely related
to cell cycle progression.

2. Introduction, 2nd paragraph: For the at hand paper, the landmark study of Pugacheva et al. might
be as relevant as the later work on Nek2 and Kif24 (Ref 18). Thus, I would suggest to rephrase this
part and highlight the work on AurA/HEF (Ref 19).

Answer: We thank the referee for pointing this issue. We have highlighted the work on
Aurora A and HEF first in the revised manuscript.

3. Introduction: The introduction is a little "jumpy". Why not putting the part on the Warburg effect
(first part of 3rd paragraph) to the end or to results/discussion?

Answer: As the referee suggested, we have changed the order of the Introduction part as
below on page 4.

A decade ago, cancerous inhibitor of protein phosphatase 2A (CIP2A) was revealed as an
oncogenic protein overexpressed in most human cancers and is involved in the progression of
several human malignancies via the inhibition of protein phosphatase 2A (PP2A) activity,
leading to c-MYC stabilization [11]. CIP2A also interacts with NEK2 during G2/M phase and
enhances NEK2 kinase activity to facilitate centrosome separation [12]. Because NEK2
regulates cilia disassembly through a concerted mechanism involving Kif24-mediated
microtubule depolymerization, we investigated whether CIP2A promotes cilia disassembly. On
the other hand, cancer cells efficiently reprogram their metabolism to acquire necessary
nutrients and utilize those nutrients for growth and for cellular building blocks, even if oxygen
is not limited [13, 14]. This metabolic shift is mediated by the aberrant activation of signaling
pathways and oncogenic factors, leading to the altered expression of genes involved in glucose
import, catabolism, and anabolism [15]. In this study, since c-MYC is considered a master
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modulator of growth and cellular metabolic pathways [16] and CIP2A mediates cancer
progression through the metabolic pathway [17], we investigated whether CIP2A affects
metabolic reprogramming and whether cilia assembly is able to alter metabolic pathway.

4. Fig 1 B: A negative control for the IP should be provided using a control antibody. Do the signals
in the lysates (input) also represent CIP2A? If yes, is there any explanation for the size shift as
compared to the precipitates? Please discuss this more detailed in the manuscript.

Answer: We omitted the annotation of control IgG IP sample. We have added the annotation
in the revised Fig. 1C. Both input and IP signals in Fig. 1C represent CIP2A. We think that
the size difference of CIP2A between IP samples and input may be due to high amount of
CIP2A protein in IP samples.

5. Fig 1C: In the picture presented GFP alone is also enriched at the centrosome. Is there any
explanation?

Answer: We agree with the referee about the comment. There may be some nonspecific
enrichment at the centrosome when GFP is overexpressed. To avoid reader’s confusion, we
have changed the image in revised Fig. 1D.

6. Fig 3A: This CO-IP is lacking important negative controls. To exclude unspecific precipitation
IPs with control antibody must be added for every individual NEK subtype. Alternatively, the IP
should be performed with anti-GFP, then hunting for CIP2A in the lysates. For this, the
experimental design shown in Fig. 3A would fit. In Fig. 3B the negative control for AurA is
missing.

Answer: We absolutely agree with the referee. Thus, we performed the IP experiment again
with every individual control. For negative control, pcDNA3.1-FLAG vector was used. Among
NEK families, NEK?2 interacted most strongly with CIP2A. In addition, CIP2A bound to
NEK6, NEKS8, NEK9 and NEK11. However, the signal of NEK7 was nonspecific because it
was also detected in control. Thus, we have replaced Fig. 3A and described it on page 7.

We have added the negative control for Aurora A in Fig. 3B and replaced it. We appreciate
for the critical comments.

7. Result section on Fig 3: The Fig. numbers are mixed up starting with Fig. 3D. 3D must be C, 3E
must be D, etc.

Answer: We thank the referee for raising this point. We have corrected the Fig. 3 numbers.
8. MWST are missing and should be added to all immunoblots presented in this study.

Answer: We have now added the molecular weight to all immunoblots in revised figures.

9. I would recommend to shorten the discussion slightly and to remove the speculations on the use
of a ketogenic diet "to prevent cancer and improve cancer treatment". It is neither my job nor my
responsibility as reviewer. But I would recommend to be more careful at this point. Just imagine that
patients (or untalented physicians) read this and draw wrong and probably fatal conclusions.
Answer: As the referee suggested, we have removed the ‘ketogenic diet’ part in discussion
section.

10. Ist line abstract and intro: I would suggest to replace "eukaryotic" by "mammalian". Otherwise
the superlative "most" might be debatable.

Answer: We have edited as the referee suggested.

Referee #3:

This work aims to demonstrate that CIP2A, an inhibitor of protein phosphatase 2A, regulates both
ciliogenesis and metabolism. The topic is very interesting. My major concern is that this work does
not show sufficient evidence that CIP2A undergoes changes during physiological ciliogenesis
conditions. Please find below my specific comments.

1. Overall the writing is not well done. I have difficulities in understanding some of the text. The
description of the results in some of the figure legends or in the text is too simple.

For example, Fig. 1B, It is not described how the experiments were done. How long were the cells
serum-starved? The time shown in the figure is not clearly indicated for serum starvation or serum
stimulation. I bet it is for serum stimulation.

Answer: We apologize for our insufficient description about the experiment in the figure
legends. We have added the detailed information in revised Fig. 1C as below.
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RPET1 cells were serum starved (SS) for 24 h, and serum was added for indicated times. For
endogenous coimmunoprecipitation analysis, cell lysates were immunoprecipitated (IP) with
anti-CIP2A at each time point and IP proteins were analyzed by immunoblot.

Fig. 3E what is the "control"[] I thought you have a condtion where the inhibitor was not added (0
um).

Answer: We apologize for inaccurate description. The meaning of control in Fig. 3E is non-
overexpressed cells. To clarify, we have annotated ‘non-overexpressed’ and ‘CIP2A-
overexpressed’ at the graph. Moreover, figure legend has been updated as below.

The percentage of CIP2A-overexpressed and non-overexpressed cells with primary cilia was
evaluated after treatment with the Aurora A inhibitor, MLN 8237 or NEK2 inhibitor, Rac-
CCT 250863 (n > 14 cells/condition) under serum-starved condition. The average of three
independent experiments is shown, with error bars representing s.d. *p < 0.05 compared with
MLN 8237 non-treated cells (one-tailed Student’s t-test).

Fig. 4F S.S. was used in describing the conditions. I bet it means serum starvation, it should be
explained in the text or figure legend.

Answer: We thank the referee for raising this point. As the referee guessed S.S. means serum
starvation and now we have added the description of abbreviations in figure legends.

2. Knockout or overexpression of an gene may generate novel phenotypes. One critical question is
whether this molecule undergoes any changes during physiological conditions.

Overexpression or knockout of CIP2A indeed modulates ciliogenesis. However, I did not find strong
evidence that shows physiological relevance. Fig.2B may be the only data to show this. But I think it
is not supportive. The size of the bands shown in the input is different from that from IP, so I think
these bands are non-specific. For the Co-IP data, because c-tubulin is low in serum starvation and
1.5h, it is really hard to say any changes oeverall (in comparison with the later times). It is better
using IgG as control, because c-tubulin may also undergo changes during these conditions.
Answer: We apologize that we omitted the annotation of control IgG IP sample. We have
added the annotation in the revised Fig. 1C. Both input and IP signals in Fig. 1C represent
CIP2A. We think that the size difference of CIP2A between IP samples and input may be due
to high amount of CIP2A protein in IP samples.

What I would like to see is that the authors should demonstrate whether CIP2A undergo changes
during ciliary assembly or shortening. For example, after serum stimulation, CIP2A may be
increased at around the waves of ciliary shortening or decreased during serum starvation.

Answer: To find out physiological relevance, we examined changes of CIP2A protein level
during serum starvation and re-stimulation. We found that CIP2A decreased after serum
starvation and increased after serum re-stimulation by immunoblot and immunostaining
analysis (Fig. 1B and Expanded View 1A). Besides, as CIP2A localized at TZ and serum re-
stimulation elevated the expression of CIP2A, we tested whether CIP2A accumulate more at
TZ after re-stimulation. CIP2A gradually increased after serum re-stimulation and
accumulated at TZ to a higher degree at 5 h post re-stimulation by both co-
immunoprecipitation and immunostaining (Fig. 1C and Expanded View 1B). These results
have been added as a new Fig. 1B and Expanded View Fig. 1A and B.

To further emphasize the physiological relevance, we have added the paragraph in discussion
part as below on page 14.

It is known that reduction of cilia length in the hypothalamic neurons of mice increases food
intake and decreased energy expenditure, leading to obesity [18]. They found that leptin
reduces cilia length in hypothalamic neuronal cells and cilia length is reduced in diet-induced
obese (DIO) mice in which leptin level is increased. In this study, we found that serum starved
cells show a decrease in CIP2A protein level and serum addition increases CIP2A level.
Because CIP2A and cilia length are under the control of nutrient availability in cell level, if we
determine whether CIP2A level is upregulated with cilia length decrease in hypothalamic
neurons of DIO mice, it is going to be a good evidence to uncover physiological meaning of
CIP2A-mediated cilia length control.

3. The function of CIP2A is shown by RNAi. The RNAI effect on the protein level of CIP2A should
be shown in the formal figures.

Answer: We have validated the effect of CIP2A siRNAs by immunoblot. Data have been
included in revised Fig. 1F and Fig. 1H.
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4. The data on aurara-A activation is not strong. In Fig. 3D. The loading of Gst-aurora A is more
than the rest samples.

Answer: We thank the referee for bringing this to our attention. We have repeated the
experiment and changed it in revised Fig. 3D.

5. CIP2A affects metabolism. But ,this work did not reveal how CIP2A regulate metabolism. It
seems to me that this part of work is only descriptive. But I agree that it nicely showed that
ciliogenesis is not involved.

Answer: We found that CIP2A increases AP1 transcription factor and AP1 depletion
prevented CIP2A-mediated glycolytic gene expression (Fig 5D). Because we did not examine
entire transcription factors, we are planning to examine whole transcription factors.
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A. RPEI cells were seeded onto Seahorse Bioscience V7 cell culture plates (4 x 10%/well) followed
by changing the media to serum starved-media or HBSS for 48 h. Time course for the measurement
of ECAR indicates the basal conditions, followed by the sequential addition of glucose (10 mM),
oligomycin (2 uM), and 2-DG (20 mM).

B. CEP290 KO RPEI cells were transfected with control, CIP2A #2, or CIP2A #3 siRNA. After 24
h, cells were serum starved for 24h and stained with antibodies specific for ARL13B (green), y-
tubulin (red). DNA was stained with DAPI (blue). Shown are the maximum projections from z
stacks of representative conditions. Scale bar = 5 um.

© European Molecular Biology Organization 10



EMBO reports - Peer Review Process File

C. WT and CEP290 KO RPEI1 cell lysates were analyzed by immunoblot. Following antibodies
were used; B-actin (Santa Cruz Biotechnology, sc-47778) and CEP290 (Bethyl Laboratories, A301-
659A).
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2nd Editorial Decision 30 January 2018

Thank you for the submission of your revised manuscript. We have now received the enclosed
comments from the referees and I am happy to tell you that both support the publication of your
revised study now. We can thus in principle accept it.

Only a few minor changes are still needed:
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- the manuscript has 5 main figures but is layed out as a full-length article. Please either add one
more main figure to the main text or combine the results and discussion sections to convert it into a
scientific report. The character count of a short report should not exceed 27.000 characters including
spaces but excluding references and materials and methods.

- figures 1-5 often do not specify "n" and the error bars. All figure panels that show graphs with bars
need to specify n and error bars. n is the number of independently performed experiments, but the
number of cells used can also be given. If the data are based on a single, representative experiment,
this also needs to be mentioned. Please add the missing information. I attach a word file of the
manuscript here with comments on the figure legends to make it easier, please use this file to work
with and send the corrected file back to us.

- in figure 4H, J it is not clear what the little images on the right are, please explain and modify the
panels so that it becomes clear what is depicted.

- the panels of figure 4 are not called out alphabetically in the ms text, please correct

- figure 1A - the merge panels in rows 1 and 2 don't seem to be correct

- figure 1D - the merge panel in row 1 doesn't seem to be correct

- figure 3B - The Aurora blot in the source data is missing a band.

- figure EV1B - the middle merge panel is not correct.

I would like to suggest some minor changes to the title and abstract:
Oncoprotein CIP2A promotes the disassembly of primary cilia and inhibits glycolytic metabolism

In most mammalian cells, the primary cilium is a microtubule-enriched protrusion of the plasma
membrane and acts as a key coordinator of signaling pathways during development and tissue
homeostasis. The primary cilium is generated from the basal body, and cancerous inhibitor of
protein phosphatase 2A (CIP2A), the overexpression of which stabilizes c-MYC to support the
malignant growth of tumor cells, localizes at the centrosome. Here we show that CIP2A
overexpression induces primary cilia disassembly through the activation of Aurora A kinase, and
CIP2A depletion increases ciliated cells and cilia length in retinal pigment epithelium (RPE1) cells.
CIP2A depletion also shifts metabolism toward the glycolytic pathway by altering the expression of
metabolic genes related to glycolysis. However, glycolytic activation in CIP2A-depleted cells does
not dependent on cilia assembly, even though enhanced cilia assembly alone activates glycolytic
metabolism. Collectively, these data suggest that CIP2A promotes primary cilia disassembly and
that CIP2A depletion induces metabolic reprogramming independent of primary cilia.

Please let me know whether you agree with these changes.

EMBO press papers are accompanied online by A) a short (1-2 sentences) summary of the findings
and their significance, B) 2-3 bullet points highlighting key results and C) a synopsis image that is
550x200-400 pixels large (the height is variable). You can either show a model or key data in the
synopsis image. Please note that text needs to be readable at the final size. Please send us this

information along with the final manuscript.

When you upload the new version of the manuscript you can bring forward all the old files and then
only replace the files that need to be replaced.

I look forward to seeing a final version of your manuscript as soon as possible.
Please let me know if you have any questions or comments.

REFEREE REPORTS
Referee #2:

All critical points I previously raised have been fully addressed by the authors in the revised
manuscript. I do not have any additional concern.
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Referee #3:

The authors have made extensive revisions and my questions are adequately answered. I recommend
publication.

2nd Revision - authors' response 5 February 2018

We have corrected each of the comments by the editor. The major changes are as follows.

1.

DB~ W

We have added one main figure to the main text to fit as a full-length article.

The missing information about “n” and error bars in figures 1-5 have been specified.
All of the merge panels and source data were replaced.

We rearranged the panels of figure 4 with the manuscript text.

The title and abstract have been changed as the editor suggested.
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