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14th Jul 20201st Editorial Decision

Dear Dr. Shintani, 

Thank you for submit t ing your preliminary point-by-point  response. I have now looked at  your points
carefully. I am glad to hear that you have another mouse strain with lower mutant CLIP-170 levels. I
appreciate that you are willing to address the concerns raised and see that the proposed
experiments will st rengthen the manuscript . 

Having looked at  everything, I would like to invite you to submit  a revised manuscript . However, I
would like to point  out that  we need strong support  from the referees to consider publicat ion here.
It  is this aspect that  is more difficult  to assess at  this stage. 

You can submit  the revised manuscript  using the link below. Please see the guidelines for the
revision below my signature. 

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

Yours sincerely, 

Deniz Senyilmaz Tiebe 

Deniz Senyilmaz Tiebe, PhD 
Editor 
EMBO Reports 

-- 
Please revise your manuscript  with the understanding that the referee concerns (as in their reports)
must be fully addressed and their suggest ions taken on board. Please address all referee concerns
in a complete point-by-point  response. Acceptance of the manuscript  will depend on a posit ive
outcome of a second round of review. It  is EMBO reports policy to allow a single round of revision
only and acceptance or reject ion of the manuscript  will therefore depend on the completeness of
your responses included in the next, final version of the manuscript . 

We generally allow three months as standard revision t ime. As a matter of policy, compet ing
manuscripts published during this period will not  negat ively impact on our assessment of the
conceptual advance presented by your study. However, we request that  you contact  the editor as
soon as possible upon publicat ion of any related work, to discuss how to proceed. Should you
foresee a problem in meet ing this three-month deadline, please let  us know in advance and we may
be able to grant an extension. 

*** Temporary update to EMBO Press scooping protect ion policy: 
We are aware that many laboratories cannot funct ion at  full efficiency during the current COVID-
19/SARS-CoV-2 pandemic and have therefore extended our 'scooping protect ion policy' to cover
the period required for a full revision to address the experimental issues highlighted in the editorial
decision let ter. Please contact  the scient ific editor handling your manuscript  to discuss a revision
plan should you need addit ional t ime, and also if you see a paper with related content published
elsewhere.*** 



IMPORTANT NOTE: we perform an init ial quality control of all revised manuscripts before re-review.
Your manuscript  will FAIL this control and the handling will be DELAYED if the following APPLIES: 
1. A data availability sect ion providing access to data deposited in public databases is missing
(where applicable). 
2. Your manuscript  contains stat ist ics and error bars based on n=2 or on technical replicates.
Please use scatter plots in these cases. 

Supplementary/addit ional data: The Expanded View format, which will be displayed in the main
HTML of the paper in a collapsible format, has replaced the Supplementary informat ion. You can
submit  up to 5 images as Expanded View. Please follow the nomenclature Figure EV1, Figure EV2
etc. The figure legend for these should be included in the main manuscript  document file in a
sect ion called Expanded View Figure Legends after the main Figure Legends sect ion. Addit ional
Supplementary material should be supplied as a single pdf labeled Appendix. The Appendix includes
a table of content on the first  page with page numbers, all figures and their legends. Please follow
the nomenclature Appendix Figure Sx throughout the text  and also label the figures according to
this nomenclature. For more details please refer to our guide to authors. 

Please note that for all art icles published beginning 1 July 2020, the EMBO Reports reference style
will change to the Harvard style for all art icle types. Details and examples are provided at
ht tps://www.embopress.org/page/journal/14693178/authorguide#referencesformat 

When submit t ing your revised manuscript , please carefully review the instruct ions that follow below.
Failure to include requested items will delay the evaluat ion of your revision. 

1) a .docx formatted version of the manuscript  text  (including legends for main figures, EV figures
and tables). Please make sure that the changes are highlighted to be clearly visible. 

2) individual product ion quality figure files as .eps, .t if, .jpg (one file per figure). 

3) a .docx formatted let ter INCLUDING the reviewers' reports and your detailed point-by-point
responses to their comments. As part  of the EMBO Press transparent editorial process, the point-
by-point  response is part  of the Review Process File (RPF), which will be published alongside your
paper. For more details on our Transparent Editorial Process, please visit  our website:
ht tps://www.embopress.org/page/journal/14693178/authorguide#transparentprocess 
You are able to opt out of this by let t ing 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 art icle, as the authors have chosen not to make the review process public
in this case." 

4) a complete author checklist , which you can download from our author guidelines (). Please insert
informat ion in the checklist  that  is also reflected in the manuscript . The completed author checklist
will also be part  of the RPF. 

5) Please note that all corresponding authors are required to supply an ORCID ID for their name
upon submission of a revised manuscript  (). Please find instruct ions on how to link your ORCID ID to
your account in our manuscript  t racking system in our Author guidelines (). 

6) We replaced Supplementary Informat ion with Expanded View (EV) Figures and Tables that are
collapsible/expandable online. A maximum of 5 EV Figures can be typeset. EV Figures should be



cited as 'Figure EV1, Figure EV2" etc... in the text  and their respect ive legends should be included in
the main text  after the legends of regular figures. 

- For the figures that you do NOT wish to display as Expanded View figures, they should be
bundled together with their legends in a single PDF file called *Appendix*, which should start  with a
short  Table of Content. Appendix figures should be referred to in the main text  as: "Appendix Figure
S1, Appendix Figure S2" etc. See detailed instruct ions regarding expanded view here: . 

- Addit ional Tables/Datasets should be labeled and referred to as Table EV1, Dataset EV1, etc.
Legends have to be provided in a separate tab in case of .xls files. Alternat ively, the legend can be
supplied as a separate text  file (README) and zipped together with the Table/Dataset file. 

7) We would also encourage you to include the source data for figure panels that show essent ial
data. 

Numerical data should be provided as individual .xls or .csv files (including a tab describing the data).
For blots or microscopy, uncropped images should be submit ted (using a zip archive if mult iple
images need to be supplied for one panel). Addit ional informat ion on source data and instruct ion on
how to label the files are available . 

8) Our journal encourages inclusion of *data citat ions in the reference list* to direct ly cite datasets
that were re-used and obtained from public databases. Data citat ions in the art icle text  are dist inct
from normal bibliographical citat ions and should direct ly link to the database records from which the
data can be accessed. In the main text , data citat ions are formatted as follows: "Data ref: Smith et
al, 2001" or "Data ref: NCBI Sequence Read Archive PRJNA342805, 2017". In the Reference list ,
data citat ions must be labeled with "[DATASET]". A data reference must provide the database
name, accession number/ident ifiers and a resolvable link to the landing page from which the data
can be accessed at  the end of the reference. Further instruct ions are available at  . 

9) Please make sure to include a Data Availability Sect ion before submit t ing your revision - if it  is not
applicable, make a statement that no data were deposited in a public database. Primary datasets
(and computer code, where appropriate) produced in this study need to be deposited in an
appropriate public database (see ). 

Please remember to provide a reviewer password if the datasets are not yet  public. 

The accession numbers and database should be listed in a formal "Data Availability " sect ion
(placed after Materials & Method) that follows the model below. Please note that the Data
Availability Sect ion is restricted to new primary data that are part  of this study. 

# Data availability 

The datasets (and computer code) produced in this study are available in the following databases: 

- RNA-Seq data: Gene Expression Omnibus GSE46843
(https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE46843) 
- [data type]: [name of the resource] [accession number/ident ifier/doi] ([URL or
ident ifiers.org/DATABASE:ACCESSION]) 



*** Note - All links should resolve to a page where the data can be accessed. *** 

10) Regarding data quant ificat ion, please ensure to specify the name of the stat ist ical test  used to
generate error bars and P values, the number (n) of independent experiments underlying each data
point  (not replicate measures of one sample), and the test  used to calculate p-values in each figure
legend. Discussion of stat ist ical methodology can be reported in the materials and methods sect ion,
but figure legends should contain a basic descript ion of n, P and the test  applied. 
Please note that error bars and stat ist ical comparisons may only be applied to data obtained from
at least  three independent biological replicates. 
Please also include scale bars in all microscopy images. 

We would also welcome the submission of cover suggest ions, or mot ifs to be used by our Graphics
Illustrator in designing a cover. 

Reports: 

Referee #1: 

Yashirogi et  al. present intriguing data on how AMPK and CLIP-170 localized to the intercalated
disk may regulate cardiomyocyte size and eccentric remodeling. AMPK phosphorylates Ser311 of
CLIP-170, which promotes its dissociat ion from the MT plus end, and exposes the plus end to
depolymerizing factors (previous work). The authors find that pAMPK is enriched at  the ITC, as is
pCLIP-170. Treatment with a contract ile inhibitor causes a loss of pAMPK at the ITC (but the ITC
does not grossly disassemble as evidenced from connexin43/N-cad/plakoglobin staining). Inhibit ion
of AMPK or KD causes CLIP to accumulate in comets at  the ITC, as does non-phophorylatable
CLIP170. Contract ile inhibit ion also causes increased cell area (unclear if it 's lengthening), and non-
phosphorylatable CLIP170 is sufficient  to phenocopy this affect , and phospho-mimet ic CLIP does
not increase area when contract ion is inhibited. This data suggests a provocat ive mechanism
whereby phosphorylat ion of CLIP170 at  the ITC regulates eccentric remodeling through alterat ions
in microtubule dynamics. The authors then aim to test  the in vivo relevance of this hypothesis by
characterizing a CLIP170-S311A overexpressing transgenic mouse. While the mouse has an
interest ing phenotype, the interpretat ion of this data is muddied by flaws in experimental design. 
Overall, the mechanism the authors propose is novel and potent ially of considerable interest , but
current ly the data is not of sufficient  quality to support  their primary conclusions. While there is
much to like about this work, there are two major limitat ions; 1) the quant ificat ion and replicat ion of
data is insufficient  throughout the manuscript ; 2) the design of the t ransgenic mouse studies
appears fundamentally flawed in a way that obscures useful interpretat ion of the data. 

Major: 
1. Quant ificat ion and replicat ion of data. There is a stark lack of quant ificat ion of essent ial data in
the manuscript , and readers are left  evaluat ing statements made from only single "representat ive"
images (examples in Fig. 1 A, B, C, D; Supp. Fig. 1 A, 1 B; Fig. 2. A, B, C, D; Fig. 5 B, Fig. 6 C). Below are
some specific points, but this is a general concern that significant ly undercuts the work. 
a. Lack of N and n values for many experiments. 
b. Figure 2, please quant ify pAMPKa co-localizat ion with N-Cad, or intensity in N-Cad enriched ROIs.
Same with negat ive controls (Connexin43, LKB1), in repeat experiments. 



c. Knockdown of siAMPK appears to be a single qPCR react ion with no replicat ion. Protein
expression should also be quant ified to ensure protein knockdown. 
d. For cell size measurements (Figure 4C), please show data distribut ions, not bar graphs. 
e. Cell area measurements in figure 4C are non-sensical. An area of 8um2 would reflect  a 2x4 cell,
which is far too small for any cardiomyocyte. If possible, please also report  dimensions, not just  area
throughout- are cells lengthening or widening, or both? 
f. The characterizat ion of the TG mouse model is incomplete. Specifically: 
i. Chamber remodeling and hypertrophy should be quant ified. From echocardiographical
measurements the authors should be able to quant ify chamber and wall diameters, and LVMI or
HW/BW should be reported. 
ii. There is a claim of no t issue degenerat ion at  3 months. This should be quant ified, as should
fibrosis at  1 year of age. 
iii. The enhanced tubulin accumulat ion in the mouse model should be quant ified (and simple
western blot  from t issue lysis for total tubulin levels and detyrosinated or acetylated tubulin levels). 
iv. In Figure 6, cell length and width (and area) should be displayed - from the rep image the cells
appear to show generalized hypertrophy, not simply eccentric remodeling. 
2. Interpretat ion of t ransgenic mouse data - The goal presumably was to produce a mouse
expressing CLIP170 that could not be phosphorylated at  a specific residue of interest  - however,
the mutat ion was not knocked in to the endogenous locus, but instead appears to be a massive
overexpression of CLIP170. How do the others tease out effects of phosphorylat ion vs.
overexpression? What is the consequence of overexpression of CLIP170 alone? Data with similar
overexpression of either the phospho-mimic or WT CLIP170 are required to make conclusions about
the in vivo effects of phosphorylat ion at  that  site. The authors conclude that "data indicate the
physiological CLIP-170 phosphorylat ion by AMPK" leads to the phenotypes observed. This is not
what the mouse data necessarily indicates. From the current study design, we can only confident ly
conclude that a large overexpression of a mutant CLIP170 mutant has deleterious consequences
on the heart . This conclusion is of lit t le use to the field, as, for example, considerable overexpression
of GFP is also sufficient  to induce cardiac remodeling, and proteotoxic effects of overexpression
cannot be ruled out. 
3. Confirmat ion of microtubule stabilizat ion - The authors exclusively use CLIP-170 (both WT and
mutants) as a proxy to measure microtubule dynamics or infer stability, though only CLIP-170 comet
length is quant ified. The authors should complement this indirect  metric with other measures of
microtubule stabilizat ion, as inferred changes in dynamics is a major component of their mechanism.
Simple western blots of quant ificat ion of immunofluorescence for detyrosinated or acetylated
tubulin (markers of stable microtubules) would suffice, and should be done for both in vivo and in
vit ro studies. 

Minor: 
1. Please provide some background context  on the different subunits/isoforms of AMPK. It  is often
unclear why at  different t imes the authors interrogate AMPKB2, AMPKa2, or knock down
AMPKa1a2. 

Referee #2: 

Summary: The manuscript  ent it led "AMPK regulates cell shape of cardiomyocytes by modulat ing
turnover of microtubules through CLIP-170" describes the localizat ion of microtubule protein, CLIP-



170, to intercalated discs where it  may be phosphorylated by st imuli in which AMPK is act ivated.
The data presented suggest that  AMPK act ivat ion causes microtubule dissociat ion and AMPK
inhibit ion causes microtubule format ion. Data are collected in vit ro for pharmacologic AMPK
inhibit ion and AMPK inhibit ion via gene silencing. A mouse model was generated with inability of
CLIP-170 phosphorylat ion via S311A mutat ion and transgenesis. Mice with CLIP-170 S311A
transgene demonstrate cardiac myocyte elongat ion and decline in cardiac funct ion with t ime.
Strengths of the manuscript  include the novelty and rigor of demonstrat ing CLIP-170/AMPK
localizat ion at  the intercalated disc and development of a mouse model with support ing funct ional
data. Overall, the authors provide novel data for CLIP-170 phosphorylat ion and the impact on
microtubule associat ion/dissociat ion in cardiomyocytes. However, the mechanist ic data could be
more convincing had addit ional in vivo data been generated either by rescue experiment with the
transgenic mouse strain or if a physiological or pathological context  been provided for CLIP-170
phosphorylat ion events by AMPK. 

Major comments: 
• Most important ly, the submit ted manuscript  ent irely lacks Figure 4. And the t it le of this sect ion
should be fixed: AMPK controls cell size and shape by regulat ing MT dynamics through CLIP-
170229 phosphorylat ion of in cardiomyocytes 
• Addit ional MRI data should be included, perhaps in table format, including chamber dimensions
and wall thickness. Fig. 5 refers to echocardiography, not MRI. Please ensure the method used to
evaluate cardiac physiology. 
• Fig. 6 fibrosis quant ificat ion is very subject ive. Fibrosis should be quant ified by % area to increase
accuracy. 
• Lack of physiologic context  for AMPK phosphorylat ion of CLIP-170. Pharmacologic inhibit ion and
gene silencing were provided but neither provide insight into the in vivo funct ional role of CLIP-170
phosphorylat ion in health or disease. 
• The authors make a Cre-responsive CLIP-170 S311A overexpressing transgenic mouse line.
Important ly, the authors should ensure cardiac specificity of this new transgenic line (no leakiness)
by showing lack of Tamoxifen inducible CLIP-170 in other t issues by Western blot  (Supp. Fig. 3).
Also, it  is well established that prolonged expression of Cre from this Cre line, and especially
tamoxifen inducible Cre expression, can be cardiotoxic (Pugach et  al., 2015; Lexow et al., 2013). An
important control missing here is MHC-MerCreMer (+);CLIP-170 Tg(-) with Tamoxifen to rule out
Tamoxifen/Cre dependent cardiotoxicity and fibrosis. Minor comment: please refer to "MerCreMer"
as "a-MYC-MerCreMer" throughout the text , instead of just  in the methods. 
• The transgenic mouse line selected, line 3, great ly over-expresses CLIP-170 which, at  first  glance,
may seem like the desirable choice. However, massive t ransgene overexpression may lead to
cardiac dysfunct ion from massive overexpression alone rather than the specific effect  of S311A
mutat ion. The authors indicate the other t ransgenic mouse line, line 9, with lower level of expression
was "phenotypically similar"; therefore please provide MRI data for the lower expressing line. 

Minor comments: 
Please check throughout for grammar. 

Referee #3: 

To the authors: 



The paper covers an important problem, namely the link between AMPK, mechanical act ivity and
heart  failure. The authors employed neonatal rat  cardiomyocytes, inhibited contract ility via the use
of MYK-461 and observed mechanical act ivity dependent AMPK translocat ion to the intercalated
discs. Moreover, CLIP-170 phosphorylat ion dependent microtubule localizat ion at  this structure has
also been observed. 
MYK-461 also increased cardiomyocyte cell size. 
Last but not least , the authors generated tamoxifen inducible, cardiomyocyte-specific CLIP-170
S311A overexpressing transgenic mice (TG), which develop heart  failure. 
The authors conclude that AMPK regulates the cell shape and aspect rat io of cardiomyocytes by
modulat ing the turnover of microtubules through homeostat ic phosphorylat ion of CLIP-170 at  the
intercalated discs. 

I have a few points: 

1. The authors refer several t imes to human heart  failure and the need for the development of
novel therapies. Therefore, the authors could possibly strengthen their case by linking AMPK and
CLIP-170 even more to human heart  failure, for example in pat ients with plakophilin mutat ions. 
2. In addit ion, are CLIP-170 mutat ions known, and if, what is the phenotype? 
3. The authors generated tamoxifen inducible, cardiomyocyte-specific CLIP-170 S311A
overexpressing transgenic mice (TG), which develop heart  failure. 
It  would be good if all the data related to the cardiac echocardiography could be provided and not
only EF% (if possible, for left  and right  ventricles, figure 5C). 
In addit ion, how was the line characterized? How many transgenes were inserted and if possible, it
would be good to know, where the insert ions took place? What level of overexpression has been
observed? Did all lines generated have similar levels of overexpression, or could conclusions be
drawn in regard to the levels of expression and phenotypes observed (i.e. gene dosage effects)? 
4. AMPK mutat ions have been linked to the Wolff Parkinson White syndrome. Did the CLIP-170
S311A overexpressing TG mice develop addit ional phenotypes, such as arrhythmias (also often
observed in pat ients with mutat ions in intercalated disc / desomosomal proteins)? Did the authors
observe early lethality? 
5. The authors focused on the CLIP-170 S311A overexpressing TG mice, but did the authors also
generate the CLIP-170 S311D overexpressing TG line (i.e. the phosphomimet ic line)? 
6. What type of fibrosis has been observed in the TG animals (i.e. focal, replacement, perivascular
types of fibrosis)? 
7. The sentence in line 339 (page 10) is not supported by the data presented: "Our results suggest
that the act ivity of the AMPK, which is specifically localized at  the intercalated discs, does not
correlate with energy metabolism (sensing AMP/ATP rat io) but it  does correlate with mechanical
stress." 
8. In figure 1C, is pAMPKα also localized at  sarcomeres, apart  from intercalated discs? 
9. It  might be possible that the signal captured from intercalated discs in the pAMPKα channel is
just  a bleed-thorough signal from Plakoglobin channel to the pAMPKα channel. More informat ion
about the microscopy strategy is crucial to rule out this possibility. 
10. In figure 1D, is pCLIP-170 also localized at  sarcomeres, apart  from intercalated discs? 
11. It  might be possible that the signal captured from intercalated discs in the pCLIP-170 channel is
just  a bleed-thorough signal from Plakoglobin channel to the pCLIP-170 channel. More informat ion
about the microscopy strategy is crucial to rule out this possibility. 
12. No informat ion regarding the culture condit ion (days in culture, ...) was reported for the fig. 1. 
13. No informat ion regarding the culture condit ion (days in culture, ...) was reported for the fig. 2. 
14. Authors discussed that the outcomes observed in the figure 2 is due to the contract ion of



cardiomyocytes, whereas no data was reported about the average of the contract ion frequency
after t reatment with MYK-461 and after its removal. We know that MYK-461 suppresses the
contract ion, this suppression should be shown clearly in the manuscript . 
15. Figure 3A at  t  = 0 (Pre), seems to be out of focus or in other words the z-plane of t  = 0 (Pre) is
not exact ly the same plane of t  = 15 min after t reatment. Maybe if both images were taken from
the same z-plane, the comet lengths were not different ially significant! 
16. Moreover, the interpretat ion of results from figure 3 C and D are just  based on comparing one
cell, t reated with control siRNA (siCL), with one siAMPKα1α2-targeted cell. Comparing just  one
treated-cell with just  one control cell seems not enough at  all for interpretat ion! 
17. The approach used for measurement of comet length is only valid when the cardiomyocyte of
interest  is not spontaneously contract ing at  all and any small contract ion makes the measurements
unreliable. 
18. Based on the outcomes of figure 6, authors concluded on lines 273 and 274 that physiological
CLIP-170 phosphorylat ion by AMPK is important for homeostat ic MT dynamics, thereby maintaining
the cell shape and cardiac funct ion of cardiomyocytes, whereas the reported data just  indicates
elongat ion of cardiomyocytes. Moreover, it  is not unequivocally shown that this elongat ion changes
the aspect rat io of cardiomyocytes or not. 
19. It  is essent ial to report  how the cell length is measured in figure 6. 
20. Could it  be that figure 4 is missing in the manuscript?



Reviewer #1: 

We thank Reviewer #1 for the critical and constructive comments, which 

allowed us to improve the manuscript. We addressed all of the reviewer’s 

comments below in italic, added sentences in the revised manuscript are 

marked in red. We believe that the manuscript is now much improved and 

more solid. 

1- Quantification and replication of data. There is a stark lack of quantification of

essential data in the manuscript, and readers are left evaluating statements made from

only single "representative" images (examples in Fig. 1 A, B, C, D; Supp. Fig. 1 A, 1

B; Fig. 2. A, B, C, D; Fig. 5 B, Fig. 6 C). Below are some specific points, but this is a

general concern that significantly undercuts the work.

a. Lack of N and n values for many experiments.

Thank you very much for the critical comments. We would like to apologize 

for the lack of experimental information and quantitative analysis. We added n 

number or number of individual experiments in the figure legends, if possible, 

in the figures.  

b. Figure 2, please quantify pAMPKa co-localization with N-Cad, or intensity in N-

Cad enriched ROIs. Same with negative controls (Connexin43, LKB1), in repeat

experiments.

Thank you very much for the critical comment. We did confirm the results by 4 

independent experiments. We added the quantification of pAMPK, AMPK2, 

Connexin43 and Lkb1. Numbers in the brackets indicate the cells that were 

analyzed for quantification. We measured them from more than 2 independent 

experiments. As shown in the figure below, quantification confirmed that the 

signals of pAMPK, and APMK2 decreased from Ncad positive cell-cell 

junctions after MYK treatment, while Connexin43 and LKB1 did not show any 

change in localization by MYK. We added the graphs in the revised Fig 2E 

and revised figure legends. 

c. Knockdown of siAMPK appears to be a single qPCR reaction with no replication.

Protein expression should also be quantified to ensure protein knockdown.

16th Sep 20201st Authors' Response to Reviewers



 

We apologized for poor presentation of the data. We did confirm qPCR data 

from 3 independent experiments and Western blotting with quantification. We 

added these data in the revised Fig EV3 and figure legend. 

 

 

d. For cell size measurements (Figure 4C), please show data distributions, not bar 

graphs.  

 

Thank you for the comment, we revised Fig 4C with data distribution and the 

figure legend. 

 

 

e. Cell area measurements in figure 4C are non-sensical. An area of 8um2 would 

reflect a 2x4 cell, which is far too small for any cardiomyocyte. If possible, please 

also report dimensions, not just area throughout- are cells lengthening or widening, or 

both?  

 

Thank you very much for pointing this out. When we used off-line image 

analysis, the magnification should have been converted. We apologize our 

mistake and revised Fig 4C as it should be. For cultured neonatal 

cardiomyocytes which are not rectangular, it is very difficult to measure 

length and width, therefore we analyzed its area (Fig 4C). For cardiomyocytes 

in tissue sections, we measured the length, width and aspect ratio, which was 

in the revised Fig 6G and H (please see below, f-iv).  

 

 

f.  The characterization of the TG mouse model is incomplete. Specifically:  

i. Chamber remodeling and hypertrophy should be quantified. From 

echocardiographical measurements the authors should be able to quantify chamber 

and wall diameters, and LVMI or HW/BW should be reported.  

 

Thank you very much for the comment. We added the tables containing 

echocardiographical measurements from 2 lines of S311A TG mice and 1 line 

from S311D TG mice (phosphomimetic mutant) in Fig EV5. We also added 

HW/BW measurements and MRI measurements from S311A line 3. 

Systolic dysfunction in S311A TG became evident around 8-12 weeks after TG 

induction. Chamber remodeling (dilatation) were also found in S311A TG, but 

these were found 52 weeks after TG induction. Wall thickening was not found 

in S311A TG mice. 

In contrast to S311A, S311D TG mice did not show any difference compared 

to the control assessed by echocardiography. 

 We revised the results section in page 8 line 259-282. 

 

 

ii. There is a claim of no tissue degeneration at 3 months. This should be quantified, 

as should fibrosis at 1 year of age.  

 

Thank you very much for the comment. According to the suggestion, we added 

the graph containing quantification of fibrosis in the revised Fig 6B. 



Quantification was made as %area of fibrosis (in blue) in the left ventricle. As 

shown in the revised Fig 6B, there was no difference in fibrosis at 3 months 

after TG induction, but increased fibrosis was seen in S311A TG heart 1 year 

after TG induction. 

iii. The enhanced tubulin accumulation in the mouse model should be quantified (and

simple western blot from tissue lysis for total tubulin levels and detyrosinated or

acetylated tubulin levels).

Thank you very much for the constructive comment. According to the 

suggestion, we added quantitation in the revised Fig 6D. Also, we analyzed 

tubulin in the tissue lysate by Western blot and found that tubulin was 

increased in the lysate from S311A TG mice. We added this in the revised Fig 

6E-F.  [Figures for referees not shown.] 
Robison P, et al. reported that both -tubulin and detyrosinated tubulin are 

accumulated in the tissues from several types of human heart diseases 

(Science. 2016;352:aaf0659-). Thus, we assume that acetylated or 

detyrosinated tubulin was probably increased in CLIP-170 S311A TG mice. 

However, the amount of acetylated tubulin varied among individuals of S311A 

TG, although the mean of S311A TG mice was greater than the control (shown 

in figure below). The reason for this is not known, but we speculate that post 

translational modification might be more fragile during tissue collection than 

the total amount of tubulin.  

iv. In Figure 6, cell length and width (and area) should be displayed - from the rep

image the cells appear to show generalized hypertrophy, not simply eccentric

remodeling.

Thank you very much for the comment. We replaced the images in the revised 

Fig 6G, so that the images properly represent the quantitative analysis shown 

in the graph (Fig 6H). As the reviewer suggested, we added a graph 

containing cell length, width and aspect ratio in the revised Fig 6H. It showed 

significantly increased cell length in S311A TG mice heart, but not in cell 

width, resulted in the increased aspect ratio.  



2. Interpretation of transgenic mouse data - The goal presumably was to produce a 

mouse expressing CLIP170 that could not be phosphorylated at a specific residue of 

interest - however, the mutation was not knocked in to the endogenous locus, but 

instead appears to be a massive overexpression of CLIP170. How do the others tease 

out effects of phosphorylation vs. overexpression? What is the consequence of 

overexpression of CLIP170 alone? Data with similar overexpression of either the 

phospho-mimic or WT CLIP170 are required to make conclusions about the in vivo 

effects of phosphorylation at that site. The authors conclude that "data indicate the 

physiological CLIP-170 phosphorylation by AMPK" leads to the phenotypes 

observed. This is not what the mouse data necessarily indicates. From the current 

study design, we can only confidently conclude that a large overexpression of a 

mutant CLIP170 mutant has deleterious consequences on the heart. This conclusion is 

of little use to the field, as, for example, considerable overexpression of GFP is also 

sufficient to induce cardiac remodeling, and proteotoxic effects of overexpression 

cannot be ruled out. 

 

Thank you very much for the critical comment. We agree with the reviewer. 

Actually, we established CLIP-170 phosphomimetic mutant (S311D) TG mice 

and analyzed them until 6 months after induction. Unfortunately, we needed to 

shut down the animal experiments for several reasons at that time. We 

reluctantly stopped our CLIP S311D TGs. We did not include S311D mouse 

data in the initial submission because it lacked 1y echo, MRI, or histology. 

 

We analyzed echocardiography of S311D TG, and as shown in the figure 

below, there was no difference in parameters assessed by echo in S311D TG 

compared to the control.  

 

In addition, we had another line of S311A, which was line 9. As shown in the 

figure below, the expression levels of CLIP-170 were significantly lower than 

that of line 3, but echocardiography showed almost as similar phenotype as 

line 3 as shown in the figure below. Other parameters for these mice were 

shown in Fig EV5.  



 

With these data, although not perfectly performed, we believe that the 

phenotype seen in CLIP-170 S311A line 3 TG mice was not from 

overexpression of the mutant protein, but from the inhibition of CLIP-170 

S311 phosphorylation. 

 

We added the data from both S311A and D TG mice in Fig 5A, B, E and EV5.  

We added sentences about this topic in the results, in page 8 line 259-282. 

 

 

3. Confirmation of microtubule stabilization - The authors exclusively use CLIP-170 

(both WT and mutants) as a proxy to measure microtubule dynamics or infer stability, 

though only CLIP-170 comet length is quantified. The authors should complement 

this indirect metric with other measures of microtubule stabilization, as inferred 

changes in dynamics is a major component of their mechanism. Simple western blots 

of quantification of immunofluorescence for detyrosinated or acetylated tubulin 

(markers of stable microtubules) would suffice, and should be done for both in vivo 

and in vitro studies. 

 

Thank you very much for the comment. Please see the answer in earlier 

comment, 1-F-iii. 

 

 

Minor 

1. Please provide some background context on the different subunits/isoforms of 

AMPK. It is often unclear why at different times the authors interrogate AMPKB2, 

AMPKa2, or knock down AMPKa1a2. 

 

Thank you very much for the comment. We added the background information 

about subunit of AMPK in page 5 line 154-158.  

 

AMPK is a holoenzyme consisting of three subunits: , , and . 

Catalytic domain exists in the subunit, while the and  are 

regulatory subunits. Further, there are two isoforms for each  and  

subunit and three for the  subunit. The heart expresses 1 and 2, 1 

and 2, and 1 and 2 isoforms. 
  



Reviewer #2: 

We thank Reviewer #2 for the critical and constructive comments, which 

allowed us to improve the manuscript. We addressed all of the reviewer’s 

comments below in italic, added sentences in the revised manuscript are 

marked in red. We believe that the manuscript is now much improved and 

more solid. 

 

1- Most importantly, the submitted manuscript entirely lacks Figure 4. And the title of 

this section should be fixed: AMPK controls cell size and shape by regulating MT 

dynamics through CLIP-170229 phosphorylation of in cardiomyocytes 

 

We would like to apologize that the merged data lacked Fig 4. Despite this, 

thank you very much for your effort on evaluating our manuscript. We will 

make sure, this time, to upload the revised version with the entire figures. 

 

 

2- Additional MRI data should be included, perhaps in table format, including 

chamber dimensions and wall thickness. Fig. 5 refers to echocardiography, not MRI. 

Please ensure the method used to evaluate cardiac physiology. 

 

Thank you very much for the comment. We added the additional parameters 

from MRI measurements of S311A TG mice in supplementary Fig EV5. For 

most of the functional assessment, we used echocardiography. To further 

confirm the phenotype and evaluate the right ventricle, we used cardiac MRI 

for 3 mice from each genotype and showed the data in Fig 5C and D. To avoid 

confusion, we indicated cardiac MRI in the revised Figure.  

 

 

3- Fig. 6 fibrosis quantification is very subjective. Fibrosis should be quantified by % 

area to increase accuracy 

 

Thank you very much for the comment. According to the suggestion, we added 

the graph containing quantification of fibrosis in the revised Fig 6B. 

Quantification was made as %area of fibrosis (in blue) in the left ventricle. As 

shown in the revised Fig 6B, there was no difference in fibrosis at 3 months 

after TG induction, but increased fibrosis was seen in S311A TG heart 1 year 

after TG induction.  

 

 

4- Lack of physiologic context for AMPK phosphorylation of CLIP-170. 

Pharmacologic inhibition and gene silencing were provided but neither provide 

insight into the in vivo functional role of CLIP-170 phosphorylation in health or 

disease. 

 

Thank you very much for the comment. As the other reviewer (3) suggested, 

we speculate that alteration of CLIP-170 phosphorylation by AMPK might be 

linked to heart failure. Cardiac MTs have drawn attention in cardiovascular 

research. we wrote in the discussion, -tubulin and detyrosinated MTs are 

found to be elevated in human or rodent heart failure models, suggesting that 

cardiac MTs has a relevance in the pathology of heart diseases (Caporizzo 



MA, et al. Exp Biol Med. 2019;244:1255-1272, Robinson P, et al. Science. 

2016;352:aaf0659). Importantly, it has been shown that suppression of 

detyrosinated MTs can be a novel treatment for heart failure (Chen CY, et al. 

Nat Med. 2018;24:1225-1233). However, the mechanisms that are responsible 

for the accumulation of tubulins or PTM in heart diseases are not well 

understood.  

 

CLIP-170 S311A TG mice showed the accumulation of -tubulin (Fig 6C-F) 

and CLIP-170 affect the turnover of MTs (Fig 3), suggesting that AMPK-

CLIP-170 may be involved in the cause of increased tubulin, which is often 

associated with human heart failure. Of course, further investigation, 

especially using human samples, is required to clarify this possibility. 

 

Also, regarding the relevance to the heart failure, the pathological relevance 

of desmosomal proteins including plakophilin 2 (PKP2), desmoplakin (DSP), 

and desmoglein 2 (DSG2) has been well established. Mutations in these 

intercalated disc proteins are frequent among patients not only with 

arrhythmogenic right ventricular cardiomyopathy, but also with dilated 

cardiomyopathy with left ventricular dysfunction  (Rosenbaum AN, et al. Nat 

Rev Cardiol. 2020;17:286–297.). In these patients, the structure of 

intercalated disc including desmosomes is irregular or not well formed (Posch 

MG, et al. Mol Genet Metab. 2008;95:74–80). The ill-structured intercalated 

disc could alter the regulation of AMPK-CLIP-170, suggesting a possibility 

that alteration of CLIP-170 phosphorylation may modulate the disease course. 

 

Although we did not show the direct evidence for relevance of CLIP-170 

phosphorylation, we sincerely hope that the reviewer will agree with these 

point and possible relevance of CLIP-170 phosphorylation in health and 

disease.  We added these points in the discussion, page10 line 322-344, 364-

371. 

 

 

5- The authors make a Cre-responsive CLIP-170 S311A overexpressing transgenic 

mouse line. Importantly, the authors should ensure cardiac specificity of this new 

transgenic line (no leakiness) by showing lack of Tamoxifen inducible CLIP-170 in 

other tissues by Western blot (Supp. Fig. 3). Also, it is well established that prolonged 

expression of Cre from this Cre line, and especially tamoxifen inducible Cre 

expression, can be cardiotoxic (Pugach et al., 2015; Lexow et al., 2013). An important 

control missing here is MHC-MerCreMer (+);CLIP-170 Tg(-) with Tamoxifen to rule 

out Tamoxifen/Cre dependent cardiotoxicity and fibrosis. Minor comment: please 

refer to "MerCreMer" as "a-MHC-MerCreMer" throughout the text, instead of just in 

the methods. 

 

Thank you very much for pointing this out. First of all, we revised 

“MerCreMer” to “-MHC-MerCreMer” throughout the manuscript. 

As the reviewer suggested, we have added -MHC-MerCreMer (+);CLIP-170 

TG(-) line as an additional control group. We added echocardiography 

measurement in the revised Fig 5A and EV5. There was no difference among 

the control groups in cardiac function. Our -MHC-MerCreMer line did not 



show cardiotoxicity in our experimental settings, it may be due to the 

difference in TG generations, housing or food, etc.  

As our floxed TG line was established in our facility, we used -MHC-

MerCreMer (-);CLIP-170 TG(+) as the control for transgene insertion. We 

also added the data from another S311A TG line (line 9), and the line 9 also 

showed similar depression in cardiac function as well as the line 3 (relating to 

the next point). 

Judging from these control data, we conclude that our Cre-responsive CLIP-

170 S311A overexpression led to cardiac dysfunction. 

 

 

6- The transgenic mouse line selected, line 3, greatly over-expresses CLIP-170 which, 

at first glance, may seem like the desirable choice. However, massive transgene 

overexpression may lead to cardiac dysfunction from massive overexpression alone 

rather than the specific effect of S311A mutation. The authors indicate the other 

transgenic mouse line, line 9, with lower level of expression was "phenotypically 

similar"; therefore please provide MRI data for the lower expressing line. 

 

Thank you very much for the critical comment. We had another line of S311A, 

which was line 9. As shown in the figure below, the expression level was 

significantly lower than that of line 3, but echocardiography showed almost 

similar phenotype with line 3, shown in Fig 5 A, B (shown in below) and 

supplementary Fig. S5. Unfortunately, we used MRI to only line 3, because it 

required mouse transportation and additional cost. But, we believe that 

echocardiography is enough to draw the conclusion.  

 

Minor comments:  

Please check throughout for grammar. 

  

Thank you for the comment. Our revised manuscript has been edited by a 

native speaker of English. 

 

 

  



Reviewer #3: 

We thank Reviewer #3 for the critical and constructive comments, which 

allowed us to improve the manuscript. We addressed all of the reviewer’s 

comments below in italic, added sentences in the revised manuscript are 

marked in red. We believe that the manuscript is now much improved and 

more solid. 

 

1. The authors refer several times to human heart failure and the need for the 

development of novel therapies. Therefore, the authors could possibly strengthen their 

case by linking AMPK and CLIP-170 even more to human heart failure, for example 

in patients with plakophilin mutations.  

  

Thank you for the constructive comment. As the reviewer pointed out, the 

pathological relevance of desmosomal proteins including plakophilin 2 

(PKP2), desmoplakin (DSP), and desmoglein 2 (DSG2) has been well 

established. Mutations in these intercalated disc proteins are frequent among 

patients not only with arrhythmogenic right ventricular cardiomyopathy, but 

also with dilated cardiomyopathy with left ventricular dysfunction  

(Rosenbaum AN, et al. Nat Rev Cardiol. 2020;17:286–297.). In these patients, 

the structure of intercalated disc including desmosomes is irregular or not 

well formed (Posch MG, et al. Mol Genet Metab. 2008;95:74–80). The ill-

structured intercalated disc could alter the regulation of AMPK-CLIP-170, 

suggesting a possibility that alteration of CLIP-170 phosphorylation may 

modulate the disease course. 

 

We added this in the discussion, page 11 line 364-371.  

 

 

2. In addition, are CLIP-170 mutations known, and if, what is the phenotype?  

 

Thank you for the comment. We were able to find 41 variants of CLIP-170 by 

searching for rare variants (MAF<0.001) in the database, ‘Clin var’ (7 out of 

41 are shown in Table).  

 

Table. Detection of CLIP-170 SNV in human 

genome database   

SNP ID 
Clinical 
significance 
and condition 

Chr12pos Variation AA Info Type 

rs138030919 Uncertain 
Significance: 
not specified 

122,377,621(-
) 

G/A  

p.Ala142Val  
MISSENSE_VARIANT 

rs140092191 Uncertain 
Significance: 
not specified 

122,380,446(-
) 

T/C  

p.Met3Val 
MISSENSE_VARIANT 

rs1555264879 Uncertain 
Significance: 
not specified 

122,328,099(-
) 

T/A  

p.Thr1022Ser 
MISSENSE_VARIANT 

rs201297279  Uncertain 
Significance: 
not specified 

122,274,063(-
) 

C/T  

p.Gly1345Arg 
MISSENSE_VARIAN 

rs201330075 Uncertain 
Significance: 
not specified 

122,341,597(-
) 

T/C  

p.Asn525Ser 
MISSENSE_VARIANT 

rs875989820 Uncertain 
Significance: 

122,328,135(-
) 

G/A  
p.Gln1010Ter 

NONSENSE 



not provided 

 

As shown in Table, the status of clinical significance is “Uncertain 

Significance  or not specified”. The only variant found in OMIM is 

rs875989820, which is shown in red. According to Larti et al. (Larti F, et al. 

Eur J Hum Genet. 2015;23(3):331-336.), they identified a homozygous 

c.3028C-T transition in the CLIP-170 gene, resulting in p.Gln1010Ter  

(Q1010X) substitution, that segregated with mental retardation in the family. 

So far, there has been no direct link found between CLIP-170 and heart 

diseases, we would like to pursuit this point in the future study. 

 

 

3. The authors generated tamoxifen inducible, cardiomyocyte-specific CLIP-170 

S311A overexpressing transgenic mice (TG), which develop heart failure.  

It would be good if all the data related to the cardiac echocardiography could be 

provided and not only EF% (if possible, for left and right ventricles, figure 5C).  

In addition, how was the line characterized? How many transgenes were inserted and 

if possible, it would be good to know, where the insertions took place? What level of 

overexpression has been observed? Did all lines generated have similar levels of 

overexpression, or could conclusions be drawn in regard to the levels of expression 

and phenotypes observed (i.e. gene dosage effects)?  

 

Thank you very much for the comment. First of all, we added the tables 

containing echocardiographical measurements from 2 lines of S311A TG 

mice, and 1 line from S311D (phosphomimetic) TG mice in Fig EV5. We also 

added HW/BW measurements and MRI measurements from S311A line 3. 

 

Regarding TG lines, we have not identified the positions where the transgene 

was inserted, however, we had established 2 lines of S311A expressing TG 

lines; line 3 and 9. As shown in the figure below, the expression level of CLIP-

170 in line 9 was significantly lower than that of line 3, but echocardiography 

showed that line 9 was almost similar phenotype to line 3. 
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opic in the results, in page 8 line 259-282. 

 



 

4. AMPK mutations have been linked to the Wolff Parkinson White syndrome. Did 

the CLIP-170 S311A overexpressing TG mice develop additional phenotypes, such as 

arrhythmias (also often observed in patients with mutations in intercalated disc / 

desmosomal proteins)? Did the authors observe early lethality?  

 

Thank you for the comment. We checked ECG when we assessed them with 

echocardiography, however, there was no arrhythmia found in S311A TG 

mice. Also, we did not find early lethality in them. The AMPK mutation that 

has been linked to WPW syndrome is mutations in gamma 2 subunit. Glycogen 

accumulation found in heart tissues suggested that the mutations results in the 

dysregulated metabolism. AMPK has versatile functions and varieties of 

downstream substrates.  CLIP-170 is one its many substrates, and we believe 

that CLIP-170 represents the function of AMPK outside the metabolism.   

 

 

5. The authors focused on the CLIP-170 S311A overexpressing TG mice, but did the 

authors also generate the CLIP-170 S311D overexpressing TG line (i.e. the 

phosphomimetic line)?  

 

Thank you very much for pointing this out. Actually, we established CLIP-170 

phosphomimetic mutant (S311D) TG mice and analyzed them until 6 months 

after induction. Unfortunately, we needed to shut down the animal 

experiments for several complicated reasons at that time. We reluctantly 

stopped our CLIP  

mutant TGs. We did not include S311D mouse data in the initial submission 

because it lacked 1y echo, MRI, or histology. 

 

We analyzed echocardiography of S311D TG, and as shown in the figure 

below, there was no difference in parameters assessed by echo in S311D TG 

compared to the control.  
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ata and another line of S311A TG mice (please see the answer above (4)), 

although not perfectly performed, we believe that the phenotype seen in CLIP-

170 S311A TG mice is not from overexpression of the mutant protein, but from 

the inhibition of CLIP-170 S311 phosphorylation. 

 



We added the data from both S311A and D TG mice in Fig. 5A, B, E and EV5.  

We added this topic in the results, in page 8 line 259-282. 

 

6. What type of fibrosis has been observed in the TG animals (i.e. focal, replacement, 

perivascular types of fibrosis)?  

 

Thank you for the comment. The fibrosis found in the S311A TG mice were not 

focal or perivascular types, rather was replacement fibrosis. 

 

 

7. The sentence in line 339 (page 10) is not supported by the data presented: "Our 

results suggest that the activity of the AMPK, which is specifically localized at the 

intercalated discs, does not correlate with energy metabolism (sensing AMP/ATP 

ratio) but it does correlate with mechanical stress."  

 

Thank you very much for the comment. To avoid overstatement, we changed 

the sentences, as follows in page 13, line 372-375. 

 

Increased levels of pAMPK and pCLIP-170 in the heart, 8 weeks after birth, 

did not match with the levels of pACC that were almost unchanged in the 

heart (Fig 1A). ACC is a crucial substrate in the regulation of metabolism. It 

is of note that specific localization of AMPK at the intercalated discs in the 

heart was regulated by mechanical stress (Fig 2). 

 

 

8. In figure 1C, is pAMPKα also localized at sarcomeres, apart from intercalated 

discs?  

 

We agree with the comment. From the quantitative analysis that we added in 

the revised Fig 2E, signals found in cell-cell junction was estimated about 40-

50 % at the baseline (pAMPK and AMPK2). In Fig 2B, beating-responsive 

population of AMPK were localized at the cell-cell junction, but non-

responsive population of AMPK were found in sarcomeres. It suggests that 

AMPK is a versatile kinase which has a variety of substrates that might be 

regulated by spatiotemporal manner.   

 

 

9. It might be possible that the signal captured from intercalated discs in the pAMPKα 

channel is just a bleed-thorough signal from Plakoglobin channel to the pAMPKα 

channel. More information about the microscopy strategy is crucial to rule out this 

possibility.  

 

Thank you very much for the critical comment. We verified the localization of 

pAMPK and pCLIP-170 by single antibody staining to exclude the possibility 

of a bleed-through signal from plakoglobin. We also confirmed the 

localization of pAMPK and pCLIP-170 with phosphatase treatment on the 

slide, as shown in Fig EV2E and F. In addition, for pAMPK, we confirmed its 

signal by siRNA experiment (Fig EV2G). With these added data, we conclude 

that pAMPK and pCLIP-170 localized at the cell-cell junction. We hope that 

our data become more solid thanks to the reviwer’s suggestion. 



 

 

10. In figure 1D, is pCLIP-170 also localized at sarcomeres, apart from intercalated 

discs?  

 

Thank you for the critical comment. Please refer to the answer above (9). 

 

 

11. It might be possible that the signal captured from intercalated discs in the pCLIP-

170 channel is just a bleed-thorough signal from Plakoglobin channel to the pCLIP-

170 channel. More information about the microscopy strategy is crucial to rule out 

this possibility.  

 

Thank you for the critical comment. Please refer to the answer above (9). 

 

 

12. No information regarding the culture condition (days in culture, ...) was reported 

for the fig. 1.  

 

There was no cell culture used for Fig 1. We are sorry for the confusion it 

might have caused. And for Fig 2, please refer to the next comment. 

 

 

13. No information regarding the culture condition (days in culture, ...) was reported 

for the fig. 2.  

 

Thank you very much for the comment. We apologize that there was no cell 

culture information regarding Fig 2. For MYK-461 experiment, 

cardiomyocytes were plated on the glass-bottom dish (IWAKI). On the next 

day after plating, the cells were washed twice with medium. On day-3 after 

plating, spontaneous beating of cardiomyocytes was about 60 beats per 

minute. A MYK-461, myosin ATPase inhibitor, was added at 2 M, the 

heartbeat was immediately stopped until removal of MYK-461. After 2 hours 

of MYK-461 treatment, the medium was replaced with the fresh one without 

MYK-461, the heartbeat restores quickly after the replacement.  We added this 

information in Results section, page 6, line 189-196, and Methods section, 

page 14, line 447-452.  

 

 

14. Authors discussed that the outcomes observed in the figure 2 is due to the 

contraction of cardiomyocytes, whereas no data was reported about the average of the 

contraction frequency after treatment with MYK-461 and after its removal. We know 

that MYK-461 suppresses the contraction, this suppression should be shown clearly in 

the manuscript.  

 

Thank you very much for the comment. The beating rate of primary 

cardiomyocytes was about 60 per min, though it varied. Please see the 

comment above. 

 

 



15. Figure 3A at t = 0 (Pre), seems to be out of focus or in other words the z-plane of t 

= 0 (Pre) is not exactly the same plane of t = 15 min after treatment. Maybe if both 

images were taken from the same z-plane, the comet lengths were not differentially 

significant!  

 

Thank you for the comment. Z-plane might not be exactly the same. However, 

if we change the focus, comet length in the same cells was not significantly 

changed. Also, we measured comet length from multiple cells from different 

fields (number of comets analyzed; 32 (pre), 35 (Cpd. C), 68 (s311A)). It 

means that the plane was randomly varied in each group, therefore, we 

conclude that the comet length in cardiomyocytes treated with compound C or 

transfected with CLIP-170 S311A was significantly elongated at the 

intercalated disc. We added this information in the legend for Fig 3. 

 

 

16. Moreover, the interpretation of results from figure 3 C and D are just based on 

comparing one cell, treated with control siRNA (siCL), with one siAMPKα1α2-

targeted cell. Comparing just one treated-cell with just one control cell seems not 

enough at all for interpretation!  

 

Thank you for the comment. We apologize for poor presentation of the data.  

In fact, we confirmed our findings by 3 independent experiments. And we 

analyzed comet length from multiple cells, 5-10 comets from each cell. 

 

We added sentences in the figure legend, 

The comet length from multiple cells from different fields was analyzed. Data 

means ±S.D. Numbers of comets analyzed, siCL: n=178, siAMPK12: 

n=184. 

 

 

17. The approach used for measurement of comet length is only valid when the 

cardiomyocyte of interest is not spontaneously contracting at all and any small 

contraction makes the measurements unreliable.  

 

Thank you for the comment. We agree with that point. To measure comet 

length in cardiomyocytes, it is important to acquire images from still 

cardiomyocytes. The beating rate of primary cardiomyocytes in our setting 

was about 60 per min, one cardiac cycle is about 1sec each. We set the 

exposure time for 200 msec, thus we believe that there was enough margin to 

acquire image from diastolic phase (cardiomyocytes with minimum 

movement). In addition, we eliminated images which had motion artifact from 

measurement. We added this information in Methods section, page 16, line 

502-507. 

 

 

18. Based on the outcomes of figure 6, authors concluded on lines 273 and 274 that 

physiological CLIP-170 phosphorylation by AMPK is important for homeostatic MT 

dynamics, thereby maintaining the cell shape and cardiac function of cardiomyocytes, 

whereas the reported data just indicates elongation of cardiomyocytes. Moreover, it is 



not unequivocally shown that this elongation changes the aspect ratio of 

cardiomyocytes or not.  

 

Thank you for the comment. According the reviewer’s suggestion, we added 

the quantitative analysis of cell length, width and aspect ratio for 

immunostaining. It showed that cell length significantly was increased in 

S311A TG mice heart, but not cell width, thereby leading to the increased 

aspect ratio. We think that our data become more solid thanks to the 

reviewer’s suggestion. 

 

 

19. It is essential to report how the cell length is measured in figure 6.  

 

Thank you for the comment. For cell length and width measurements from 

immunohistology in the revised Fig 6G and H, 5-10 cells from each image that 

was picked randomly, and average 10 images from 1 heart were analyzed. 

Thus, about 100 cells from 1 heart were analyzed. We measured 3 hearts from 

each genotype group, the number of the cells analyzed were Ctr vs. S311A 259 

vs. 326. We added this information in the method section, page 17, line 522-

524. 

 

 

20. Could it be that figure 4 is missing in the manuscript? 

  

We would like to apologize that the merged data lacked Fig 4. Despite this, 

thank you very much for your effort on evaluating our manuscript. We will 

make sure, this time, to upload the revised version with the entire figures.  

 



5th Oct 20201st Revision - Editorial Decision

Dear Dr. Shintani

Thank you for submit t ing your revised manuscript . It  has now been seen by all of the original
referees. 

As you can see, the referees find that the study is significant ly improved during revision and
recommend publicat ion. Before I can accept the manuscript , I need you to address some minor
points below:

• Please address the remaining minor concerns of referee #1.
• Please ZIP the movies with their legends and update the callouts to 'Movie EV#'.
• Please rename the 'Disclosures' sect ion to 'Conflict  of Interests'.
• We not iced that there are authors with the same init ials in the 'Author Contribut ions' sect ion.
Please SYash and SYam, and HKi and HKa to different iate the authors.
• Papers published in EMBO Reports include a 'Synopsis' to further enhance discoverability.
Synopses are displayed on the html version of the paper and are freely accessible to all readers.
The synopsis includes a short  standfirst  summarizing the study in 1 or 2 sentences that summarize
the key findings of the paper and are provided by the authors and streamlined by the handling
editor. I would therefore ask you to include your synopsis blurb.
• In addit ion, please provide an image for the synopsis. This image should provide a rapid overview
of the quest ion addressed in the study but st ill needs to be kept fairly modest since the image size
cannot exceed 550x400 pixels. 
• Our product ion/data editors have asked you to clarify several points in the figure legends (see
attached document). Please incorporate these changes in the at tached word document and return
it  with t rack changes act ivated.

Thank you again for giving us to consider your manuscript  for EMBO Reports, I look forward to your
minor revision.

Kind regards,

Deniz Senyilmaz Tiebe

--
Deniz Senyilmaz Tiebe, PhD
Editor
EMBO Reports

Referee #1:

The authors have responded admirably to my concerns, including a large amount of new data in
this revised version that substant ially strengthens their primary conclusions, most notably with
more robust and transparent replicat ion and quant ificat ion of data, and the addit ion of two
complementary mouse models that considerably strengthen their in vivo studies. Further, I think the
less thorough characterizat ion of the phosphomimet ic model is permissible, given the inability to
carry these animals out to 1 year of age in current t imes. I feel the paper has been substant ially
strengthened, and have only minor remaining concerns.



Minor:
1. There are st ill a number of grammatical errors and misspellings throughout the manuscript . For
example, eject ion fract ion, bright field, plakoglobin, and relat ive are all misspelled in the figures, to
name a few. There are also a number of missing art icles, part icularly in the introduct ion. Please
revise the text  closely and carefully.
2. Line 171 refers to extended figure 2g, yet  there is no panel g in this figure.
3. I recommend that the western blots quant ifying the data in figure 1 should be included in figure 1
and not relegated to the supplementary informat ion.

Referee #2:

The re-submit ted manuscript  ent it led "AMPK regulates cell shape of cardiomyocytes by modulat ing
turnover of microtubules through CLIP-170" describes the localizat ion of microtubule protein, CLIP-
170, to intercalated discs where it  may be phosphorylated by st imuli in which AMPK is act ivated.
The data presented suggest that  AMPK act ivat ion causes microtubule dissociat ion and AMPK
inhibit ion causes microtubule format ion. Data are collected in vit ro for pharmacologic AMPK
inhibit ion and AMPK inhibit ion via gene silencing. A mouse model was generated with inability of
CLIP-170 phosphorylat ion via S311A mutat ion and transgenesis. Mice with CLIP-170 S311A
transgene demonstrate cardiac myocyte elongat ion and decline in cardiac funct ion with t ime.
Strengths of the manuscript  include the novelty and rigor of demonstrat ing CLIP-170/AMPK
localizat ion at  the intercalated disc and development of a mouse model with support ing funct ional
data. Overall, the authors provide novel data for CLIP-170 phosphorylat ion and the impact on
microtubule associat ion/dissociat ion in cardiomyocytes. The revised manuscript  does provide an
expanded discussion with speculat ive mechanism for cardiac dysfunct ion in CLIP-170 S311A
transgenic mice. The inclusion of mechanist ic discussion and addit ion of funct ional data for another
transgenic mouse line strengthen the overall manuscript .

Referee #3:

My points have been adequately addressed. 



Reviewer #1: 

We thank Reviewer #1 for the positive and constructive comments. We 

addressed all of the reviewer’s comments below in italic, added sentences in the 

revised manuscript are marked in green. We hope that the manuscript is now 

acceptable for publication. 

1. There are still a number of grammatical errors and misspellings throughout the

manuscript. For example, ejection fraction, brightfield, plakoglobin, and relative are all

misspelled in the figures, to name a few. There are also a number of missing articles,

particularly in the introduction. Please revise the text closely and carefully.

Thank you very much for the critical comments. We would like to apologize for 

the grammatical errors and misspellings. We thoroughly checked the revised 

manuscript and figures, and made corrections as much as possible, which are 

shown in green in the revised manuscript.  

Also, we added several articles that we thought important in this research field, 

but were missed in the initial submission. Thank you very much for your 

thoughtful suggestion. 

2. Line 171 refers to extended figure 2g, yet there is no panel g in this figure.

Thank you very much for pointing this out. We made sure to delete it this time 

from the main text.  

3. I recommend that the western blots quantifying the data in figure 1 should be

included in figure 1 and not relegated to the supplementary information.

Thank you very much for the comments. We included the quantification data in 

the revised Fig 1.  

14th Oct 20202nd Authors' Response to Reviewers



23rd Oct 20202nd Revision - Editorial Decision

Dear Dr. Shintani,

Thank you for submit t ing your revised manuscript . I have now looked at  everything and all is fine.
Therefore I am very pleased to accept your manuscript  for publicat ion in EMBO Reports. 

Congratulat ions on a nice study!

In order to increase the clarity and accessibility of your work, I have taken the liberty of performing
some changes in the below items and writ ing bullet  points. Please take a look and confirm, or feel
free to make changes.

- I would like to add 'cardiomyocyte' as the fifth keyword of the study.

- Synopsis blurb: Mechanical stress elicited by the heart  contract ility promotes AMPK localizat ion to
the intercalated discs, where AMPK regulates microtubule dynamics and cardiomyocyte funct ion.

- Bullet  points: 
• Act ivated AMPK localizes at  the intercalated discs in the heart , a specific cell-cell junct ion present
between cardiomyocytes.
• Cardiomyocyte contract ility is required for AMPK localizat ion to the intercalated discs.
• Inhibit ion of CLIP-170 phosphorylat ion by AMPK leads to the accumulat ion of microtubules at  the
intercalated discs.
• Heart-specific phospho-deficient  CLIP-170 transgenic mice results in elongat ion of
cardiomyocytes along with accumulated MTs, leading to progressive decline in cardiac contract ion.

- Abstract :

AMP-act ivated protein kinase (AMPK) is a mult ifunct ional kinase that regulates microtubule (MT)
dynamic instability through CLIP-170 phosphorylat ion; however, its physiological relevance in vivo
remains to be elucidated. In this study, we ident ify an act ive form of AMPK localized at  the
intercalated discs in the heart , a specific cell-cell junct ion present between cardiomyocytes. A
contract ile inhibitor, MYK-461, prevents the localizat ion of AMPK at the intercalated discs, and the
effect  is reversed by the removal of MYK-461, suggest ing that the localizat ion of AMPK is
regulated by mechanical stress. Time-lapse imaging analysis reveals that the inhibit ion of CLIP-170
Ser-311 phosphorylat ion by AMPK leads to the accumulat ion of MTs at  the intercalated discs.
Interest ingly, MYK-461 increases the individual cell area of cardiomyocytes in CLIP-170
phosphorylat ion-dependent manner. Moreover, heart-specific CLIP-170 S311A transgenic mice
demonstrates elongat ion of cardiomyocytes along with accumulated MTs, leading to progressive
decline in cardiac contract ion. In conclusion, these findings suggest that  AMPK regulates the cell
shape and aspect rat io of cardiomyocytes by modulat ing the turnover of MTs through homeostat ic
phosphorylat ion of CLIP-170 at  the intercalated discs.

Kind regards,

Deniz Senyilmaz Tiebe
--
Deniz Senyilmaz Tiebe, PhD
Editor



EMBO Reports 

At the end of this email I include important informat ion about how to proceed. Please ensure that
you take the t ime to read the informat ion and complete and return the necessary forms to allow us
to publish your manuscript  as quickly as possible.

As part  of the EMBO publicat ion's Transparent Editorial Process, EMBO reports publishes online a
Review Process File to accompany accepted manuscripts. As you are aware, this File will be
published in conjunct ion with your paper and will include the referee reports, your point-by-point
response and all pert inent correspondence relat ing to the manuscript .

If you do NOT want this File to be published, please inform the editorial office within 2 days, if you
have not done so already, otherwise the File will be published by default  [contact :
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 art icle, as the authors have chosen not to
make the review process public in this case."

Should you be planning a Press Release on your art icle, please get in contact  with
emboreports@wiley.com as early as possible, in order to coordinate publicat ion and release dates.

Thank you again for your contribut ion to EMBO reports and congratulat ions on a successful
publicat ion. Please consider us again in the future for your most excit ing work.

********************************************************************************

THINGS TO DO NOW: 

You will receive proofs by e-mail approximately 2-3 weeks after all relevant files have been sent to
our Product ion Office; you should return your correct ions within 2 days of receiving the proofs. 

Please inform us if there is likely to be any difficulty in reaching you at  the above address at  that
t ime. Failure to meet our deadlines may result  in a delay of publicat ion, or publicat ion without your
correct ions. 

All further communicat ions concerning your paper should quote reference number EMBOR-2020-
50949V3 and be addressed to emboreports@wiley.com. 

Should you be planning a Press Release on your art icle, please get in contact  with
emboreports@wiley.com as early as possible, in order to coordinate publicat ion and release dates.
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