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8th Sep 20201st Editorial Decision

8th Sep 2020 

Dear Prof. Johnson, 

Thank you for the submission of your manuscript  to EMBO Molecular Medicine. We have now
received feedback from the three reviewers who agreed to evaluate your manuscript . As you will
see from the reports below, all three referees are overall support ive of the study but also raise some
concerns that should be addressed in a revision of the present manuscript . Part icular at tent ion
should be given to co-staining of GFP-Cw43-k696fs with ER and Golgi markers in HeLa cells as well
as to providing high-quality immunostaining images as suggested by the referee #1. No further in
vivo experiments are required. However, addressing the reviewers' concerns in full, experimentally or
in writ ing, will be necessary for considerat ion of your manuscript  in our journal. Part icularly, you
should provide a detailed response to the referee #1 suggest ions for the in vivo experiments and
discuss the limitat ions of the study in that regard. Please be aware that the acceptance of the
manuscript  might entail second round of review depending on the extent and elaborateness of the
revision. 

EMBO Molecular Medicine encourages a single round of revision only and therefore, acceptance or
reject ion of the manuscript  will depend on the completeness of your responses included in the next,
final version of the manuscript . For this reason, and to save you from any frustrat ions in the end, I
would strongly advise against  returning an incomplete revision. 

We realize that the current situat ion is except ional on the account of the COVID-19/SARS-CoV-2
pandemic. Therefore, please let  us know if you need more than three months to revise the
manuscript . 

I look forward to receiving your revised manuscript . 

***** Reviewer's comments ***** 

Referee #1 (Remarks for Author): 

In this manuscript, Yang et al. conducted a genomic analysis on 53 cases of idiopathic normal



pressure hydrocephalus (iNPH), and ident ified a mutat ion in CWH43, which is a gene encoding the
transmembrane protein involved in ceramide transfer. Subsequent ly, they characterized the
subcellular-localizat ion, t issue expression, and their pathological effects on the brain ventricle as
well as ependymal and choroid plexus epithelial cilia. Collect ively, they concluded that this mutat ion
is one of the candidate gene for iNPH that can recapitulate the phenotype in model animal, and this
may be a toehold for dissect ing the molecular mechanisms responsible for the pathogenesis of
iNPH. 

This Reviewer find the framework of story coherent and intriguing enough to at t ract  the interests
of readership in EMBO Molecular Medicine. However, there are several points, especially on the
quality of data, which have to be addressed before making a final decision. 

(specific crit ique) 
1. Regarding the localizat ion of GFP-Cw43-k696fs, fig.1C), this Reviewer cannot find the panel
showing explicit ly the reduced localizat ion of this mutant fusion protein, as they did not conduct a
co-staining with ant i-golgin97. While the authors stated that "decreased associat ion with the Golgi
apparatus" in figure capt ion, this has to be verified by real data.
2. The quality of immunostaining seems to be generally below the standard. For example, the
panels in fig 2B, both the staining with ant i-ac-tubulin and Cwh43 are blurred and ambiguous. If this
intended to represent the ependymal cilia, the staining here cannot witness the exact structure.
They have to be replaced with clearer one or re-visited by confocal microscopy. As for Appendix
figS8C, the staining with ant i-ac-tubulin is saturated that has to be easily remedies by re-trial by
dilut ing the first  ant ibody.
3. This Reviewer just  wonders why the authors employed different color of second ant ibody for the
middle panel (M533/M533) in fig4C. Moreover. While have quant ified the number of cilia in
ependymal cells (panelA), the immunostaining in panelC was made on the choroid plexus
epithelium. I think figS9 would be preferrable to be placed here as it  is focused on the ependyma.
4. Discussion sect ion is most ly devoted to the literature survey. More detailed evaluat ion of
experimental data in the light  of previous study are required, especially when it  comes to the cell
biological significance of Cwh43 with references to the pathogenesis of iNPH.
5. What about the mot ility of ependymal cilia in mutant mice? It  would be nice to assess the mot ility
and flow of ependymal cilia ex vivo (Nonami et  al., 2013, Cytoskeleton).
6. If possible, analysis of mutant mice older than 1 year would be ideal to support  the authors'
conclusion and be concordant with the clinical course of human pat ients.
7. Minor arguments
• Page3, line4, What does it  intend to say? Americans (4)
• Page4, line1, Citat ion for CFAP43 is required.
• Page7, line7, Gross appearance of whole brain and the evidence for the communicat ing
hydrocephalus would be preferably shown as a Supplemental.
• Page7, third paragraph, Footprints of gait ing of mutant and WT mice are better presented in the
Supplemental.
• Page7, the last  sentence, Regarding the localizat ion of CD59 on primary cilia, previous study
reported on RPE1 cells (Madugula and Lu, J. Cell Sci., 129:3922-3934, 2016). This may strengthen
the authors' conclusion.

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

This is one of the most important studies in the field of iNPH research so far, i.e., has potent ial to be



a groundbreaker. 

Referee #2 (Remarks for Author): 

This paper by Yang et  al. report  potent ial associat ion of two loss of funct ion delet ions in CWH43
gene with idiopathic normal pressure hydrocephalus (iNPH). The finding is novel and the relevance
is confirmed by extensive funct ional analysis. This is one of the most important studies in the field
of iNPH research so far, i.e., has potent ial to be a groundbreaker. 

The major quest ions: 
The discovery cohort(s) is rather small but  did the authors find any other potent ial loci related with
iNPH? In addit ion, any other iNPH cohorts to replicate the finding? 

Minor notes: 
I suggest to omit  "sporadic" from the topic since 3 out of the 8 pat ients with CWH43 alterat ion
have potent ial family history related with iNPH. This by no means dilute the novelty of the paper. 

In abstract  and introduct ion I suggest to change term "dement ia" (as a symptom) to "cognit ive
decline" or analogous. 

Page 4, two last  paragraphs: please check MAFs of CWH43 delet ions; is 0.0377 correct  in both
locat ions? 

Discussion, page 8, 2nd para, last  sentence: How is the "...consistent with an autosomal dominant
pattern of inheritance" related with the first  part  of the clause? 

Materials and Methods, page 10: 
Were all the three separate pat ient  cohorts recruited from the same inst itut ion, i.e., what makes
them discrete? 

It  seems that the "general populat ion" is from ExAC database? Please describe that lit t le more
detail like the number subjects and age range as well as the reference. Where does "43" refer? 

Figure 3: Please check the let ters; I guess that B in the upper should be C. 

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

iNPH is a dement ia disease, overlapping with Alzheimer's. Revealing the genet ic background for
dement ia subtypes is of significance and of interest  to scient ists/clinicians. 

Referee #3 (Remarks for Author): 

This is a study about genet ic alterat ions in sporadic idiopathic normal pressure hydrocephalus,
demonstrat ing delet ion of CWH43. Moreover, CWH43 delet ion in mice induced ventriculomegaly
and gait  ataxia. The study is novel and of definit ive interest . I have some minor comments. 
The CWH43 delet ion was observed in 4+4 of 53 iNPH pat ients. Though stat ist ical significant as
compared to the general populat ion, the number is small. This should be commented on. 
Three of 8 iNPH pat ients with CWH43 delet ion had familial iNPH. Is it  then correct  to refer to these



as sporadic iNPH? At least  it  should be commented on. Was the result  significant when only
including those without family members with iNPH?. Further, given that 3/8 had familiar iNPH, I feel
"sporadic" should be removed from the t it le. 
There are few papers on genet ics of sporadic iNPH. The largest series reported on is by Korhonen
et al Neurol Genet, vol 4 issue 6, pp e291, 2018. This should be referred to.



***** Reviewer's comments ***** 

Referee #1 (Remarks for Author): 

In this manuscript, Yang et al. conducted a genomic analysis on 53 cases of idiopathic normal pressure 

hydrocephalus (iNPH), and identified a mutation in CWH43, which is a gene encoding the transmembrane 

protein involved in ceramide transfer. Subsequently, they characterized the subcellular-localization, tissue 

expression, and their pathological effects on the brain ventricle as well as ependymal and choroid plexus 

epithelial cilia. Collectively, they concluded that this mutation is one of the candidate gene for iNPH that can 

recapitulate the phenotype in model animal, and this may be a toehold for dissecting the molecular 

mechanisms responsible for the pathogenesis of iNPH. 

This Reviewer find the framework of story coherent and intriguing enough to attract the interests of 

readership in EMBO Molecular Medicine. However, there are several points, especially on the quality of data, 

which have to be addressed before making a final decision. 

(specific critique) 

1. Regarding the localization of GFP-Cw43-k696fs, fig.1C), this Reviewer cannot find the panel showing

explicitly the reduced localization of this mutant fusion protein, as they did not conduct a co-staining with

anti-golgin97. While the authors stated that "decreased association with the Golgi apparatus" in figure

caption, this has to be verified by real data.

As requested by the reviewer, we have added panels to Figure 1C demonstrating co-staining using anti-
golgin97 with mutant GFP-Cwh43-k696fs and mutant GFP-Cwh43-Leu533ter that demonstrates 
decreased association of these mutants with the Golgi apparatus. 

2. The quality of immunostaining seems to be generally below the standard. For example, the panels in fig

2B, both the staining with anti-ac-tubulin and Cwh43 are blurred and ambiguous. If this intended to

represent the ependymal cilia, the staining here cannot witness the exact structure. They have to be replaced

with clearer one or re-visited by confocal microscopy. As for Appendix figS8C, the staining with anti-ac-

tubulin is saturated that has to be easily remedies by re-trial by diluting the first antibody.

We apologize for the quality of some of the immunostaining included in the previous version.  As 
suggested, we have provided better quality images which were taken on a higher magnification confocal 
microscope.  These images clearly demonstrate immunoreactivity for Cwh43 and acetylated tubulin (cilia 
marker) in the ependymal layer. We have reduced the exposure and contrast in the images in Appendix 
Fig. S8C (now Fig. S9C) to decrease the saturation of the acetylated tubulin staining as suggested. 

3. This Reviewer just wonders why the authors employed different color of second antibody for the middle

panel (M533/M533) in fig4C. Moreover. While have quantified the number of cilia in ependymal cells

(panelA), the immunostaining in panelC was made on the choroid plexus epithelium. I think figS9 would be

preferrable to be placed here as it is focused on the ependyma.

The staining in the micrographs performed in Fig. 4C was performed at separate times and a different 
color antibody was used each time.  As requested by the reviewer, we have moved the data from Fig. S9 
to Fig 4C showing a loss of apical localization of CD59 in the ependymal cells of CWH43 mutant mice. 

3rd Nov 20201st Authors' Response to Reviewers



4. Discussion section is mostly devoted to the literature survey. More detailed evaluation of experimental

data in the light of previous study are required, especially when it comes to the cell biological significance of

Cwh43 with references to the pathogenesis of iNPH.

In response to the reviewer’s concerns, we have added the following paragraph which provides a more 
detailed evaluation of the experimental data, and more clearly discusses the biological significance of 
Cwh43 in the context of the pathogenesis of iNPH.  

“In yeast, the incorporation of ceramide into the lipid anchor of GPI-anchored proteins by Cwh43 promotes 

the retention of these proteins on the plasma membrane (Yoko et al, 2018). Loss of Cwh43 function in yeast leads to 

aberrant expression of these proteins on the cell wall. The Golgi apparatus is thought to be a primary site where the 

lipid anchor of GPI-anchored proteins is modified and where GPI-anchored proteins are incorporated into vesicles 

for transport to their final destination on the cell membrane (Matheson et al, 2006). We observed strong expression 

of Cwh43 in the Golgi apparatus of mammalian cells. However, both of the iNPH-associated CWH43 deletions 

cause a loss of Cwh43 protein in the Golgi apparatus and disrupt the targeting of certain GPI-anchored proteins (e.g. 

CD59) to lipid microdomains in the plasma membrane and to the apical membrane of polarized ventricular epithelial 

cells. Our data thus provide the first evidence that Cwh43 regulates the subcellular targeting of GPI-anchored 

proteins in mammalian cells.  We hypothesize that mislocalization of GPI-anchored proteins in choroid plexus and 

ependymal epithelial cells harboring mutant Cwh43 disrupts the normal function of these cells.”  

5. What about the motility of ependymal cilia in mutant mice? It would be nice to assess the motility and

flow of ependymal cilia ex vivo (Nonami et al., 2013, Cytoskeleton).

We agree with the reviewer that this an interesting question.  We have begun experiments to address this 
question. Our preliminary data suggest there is no difference in cilia beat frequency between wild type 
and CWH43 mutant mice.  These studies are ongoing and will be reported in a subsequent manuscript. 

6. If possible, analysis of mutant mice older than 1 year would be ideal to support the authors' conclusion

and be concordant with the clinical course of human patients.

We attempted to address this question in older mice. We again agree with the reviewer that studying 
older mice would be ideal.  We have used serial MRI to follow wild type and CWH43 mutant mice over 
time and found that the ventricles in both of the cohorts increased with age. There was a trend for the 
CWH43 mutant mice to have larger ventricles than wild type mice at 18 months of age, but a reduction in 
the size of the cohorts due to the age-related deaths of some of the animals (both wild type and mutant) 
during the prolonged course of this experiment prevented us from performing this study as intended. 

7. Minor arguments

• Page3, line4, What does it intend to say? Americans (4)

We have edited this sentence to read as follows: 

“According to the Hydrocephalus Association, iNPH affects about 700,000 Americans.” 

• Page4, line1, Citation for CFAP43 is required.



We have added the reference as requested. The sentence now reads as follows: 

“One study identified a CFAP43 mutation as a possible cause of familial iNPH (Morimoto et al, 2019).” 

 

• Page7, line7, Gross appearance of whole brain and the evidence for the communicating hydrocephalus 

would be preferably shown as a Supplemental. 

As requested by the reviewer, we have added images to the supplemental data (Appendix Figure S7) 
showing a patent aqueduct and flow of 70 KD fluorescent dextran from the lateral ventricles through the 
aqueduct and into the paravascular spaces of the cortex in homozygous CWH43 mutant mice. We have 
added a figure legend that reads as follows: 

 

Appendix Figure S7. CWH43 mutant mice develop communicating hydrocephalus.  

 

A) Images of the whole brain obtained from CWH43 WT/WT, CWH43WT/M533, and CWH43M533/M533 mice.  

B) Fluorescence micrographs of cryostat sections of a brain from a CWH43M533/M533 mouse obtained at the level of 

cerebral aqueduct and periaqueductal gray (arrow). The brain sections have been stained with DAPI to identify cell 

nuclei (blue). Prior to harvesting the brain, the lateral ventricle was injected with 5 µl of saline containing a 

fluorescent dextran (70 KD). After 5 minutes, the brain was harvested and processed for fluorescence microscopy. 

Fluorescent dextran completely filled the ventricular system and paravascular spaces in the cortex, confirming 

patency of the cerebral aqueduct. Scale is approximately 5 mm. 

 

 

• Page7, third paragraph, Footprints of gaiting of mutant and WT mice are better presented in the 

Supplemental. 

We would prefer to keep the footprints of the gait results in the main text. Gait and balance difficulties are 
the most common symptoms of iNPH. As such, their presence here provides strong support that this 
animal model phenocopies iNPH. The importance of this finding thus merits its location in the main text. 

 

• Page7, the last sentence, Regarding the localization of CD59 on primary cilia, previous study reported on 

RPE1 cells (Madugula and Lu, J. Cell Sci., 129:3922-3934, 2016). This may strengthen the authors' conclusion. 

We have examined the report by Madugula and Lu. They discuss the presence of sequences in CD8 that 
target the protein to cilia. CD8 is a transmembrane protein and not a GPI-anchored protein. 

 

 

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

 

This is one of the most important studies in the field of iNPH research so far, i.e., has potential to be a 

groundbreaker. 

 

Referee #2 (Remarks for Author): 

 

This paper by Yang et al. report potential association of two loss of function deletions in CWH43 gene with 

idiopathic normal pressure hydrocephalus (iNPH). The finding is novel and the relevance is confirmed by 

extensive functional analysis. This is one of the most important studies in the field of iNPH research so far, 

i.e., has potential to be a groundbreaker. 

 



The major questions: 

The discovery cohort(s) is rather small but did the authors find any other potential loci related with iNPH? In 

addition, any other iNPH cohorts to replicate the finding? 

We have indeed identified other loci that appear to be statistically associated with iNPH. We allude to the 
possible existence of such loci in the discussion of the current manuscript. We are currently working to 
perform validation experiments for these loci at this time. We have begun to collect DNA from a larger 
cohort of iNPH patients with the goal of further replicating these findings (beyond the 3 cohorts reported 
here) and identifying additional loci. 

Minor notes: 

I suggest to omit "sporadic" from the topic since 3 out of the 8 patients with CWH43 alteration have 

potential family history related with iNPH. This by no means dilute the novelty of the paper. 

In response to the reviewer’s suggestions, we have removed the term sporadic from the manuscript. 

In abstract and introduction I suggest to change term "dementia" (as a symptom) to "cognitive decline" or 

analogous. 

In response to the reviewer’s suggestion, we have changed the term dementia to “cognitive decline” in 
the abstract and introduction. 

Page 4, two last paragraphs: please check MAFs of CWH43 deletions; is 0.0377 correct in both locations? 

This is correct, both deletions were found in 4 of the 53 patients (4/106 alleles = .0377). 

Discussion, page 8, 2nd para, last sentence: How is the "...consistent with an autosomal dominant pattern of 

inheritance" related with the first part of the clause? 

When a single defective allele can lead to disease (i.e. heterozygous, as mentioned at the beginning of 
the sentence), the pattern of inheritance that is observed is autosomal dominant. By contrast, when both 
alleles must be affected before disease occurs, the pattern of inheritance that is seen is autosomal 
recessive. This latter pattern is seen for most cases of congenital hydrocephalus that are genetic in origin 
and, consequently, such cases are quite rare when compared to the prevalence of iNPH. 

Materials and Methods, page 10: 

Were all the three separate patient cohorts recruited from the same institution, i.e., what makes them 

discrete? 

All three separate patient cohorts were recruited from the same institution. They are discrete because 
they were recruited and analyzed at three separate times in a sequential manner over a period of years. 
In other words, the first cohort was recruited and the DNA was isolated, sequenced and analyzed to 
identify iNPH-associated loci. Then, a second cohort was recruited and the DNA was again isolated, 
sequenced and analyzed to identify iNPH-associated loci. Finally, a third cohort was recruited and the 
DNA was isolated, sequenced and analyzed. CWH43 deletions were identified at a rate significantly 
greater than expected in all 3 cohorts. 

It seems that the "general population" is from ExAC database? Please describe that little more detail like the 

number subjects and age range as well as the reference. Where does "43" refer? 



The number 43 was a reference from an earlier version of the manuscript and has been removed. The 
ExAC database contains exomes from 60,706 individuals from around the world. The data is presented in 
terms of race/ethnicity. The reference that describes the database is: 

Lek M et al. Analysis of protein-coding genetic variation in 60,706 humans. Nature 2016; 536:285-91. 

Figure 3: Please check the letters; I guess that B in the upper should be C. 

We thank the reviewer for pointing this out to us. We have corrected the error and labeled the panels 
correctly in the revised figures. 

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

iNPH is a dementia disease, overlapping with Alzheimer's. Revealing the genetic background for dementia 

subtypes is of significance and of interest to scientists/clinicians. 

Referee #3 (Remarks for Author): 

This is a study about genetic alterations in sporadic idiopathic normal pressure hydrocephalus, 

demonstrating deletion of CWH43. Moreover, CWH43 deletion in mice induced ventriculomegaly and gait 

ataxia. The study is novel and of definitive interest. I have some minor comments. 

The CWH43 deletion was observed in 4+4 of 53 iNPH patients. Though statistical significant as compared to 

the general population, the number is small. This should be commented on. 

We have added the following statement to the Discussion: 

“Although each of the three cohorts in our study was limited in size, we nevertheless observed that CWH43 

deletions were overrepresented in each one.”  

Three of 8 iNPH patients with CWH43 deletion had familial iNPH. Is it then correct to refer to these as 

sporadic iNPH? At least it should be commented on. Was the result significant when only including those 

without family members with iNPH? Further, given that 3/8 had familiar iNPH, I feel "sporadic" should be 

removed from the title. 

There are few papers on genetics of sporadic iNPH. The largest series reported on is by Korhonen et al 

Neurol Genet, vol 4 issue 6, pp e291, 2018. This should be referred to. 

Although all of the patients with CWH43 deletions in this study initially presented as if they were sporadic, 

careful questioning revealed either a relative with diagnosed iNPH or symptoms suggestive of possible 

iNPH in 3 such patients. We agree with the reviewer that, once family members have been identified who 

have been diagnosed with iNPH, these cases cannot technically be called “sporadic”. We have therefore 

removed the term from the manuscript. Also, in response to the reviewer’s suggestion, we have added a 

sentence and a reference regarding the large iNPH genotyping study of the SFMBT1 gene by Korhonen 

et al. The sentence reads as follows:  

“Another large multinational study of Finnish and Norwegian iNPH patients used genotyping of SFMBT1 to 

identify copy number loss in intron two of SFMBT1 in 10% of Finnish (odds ratio [OR] = 1.9, p = 0.0078) and 21% 

of Norwegian (OR = 4.7, p < 0.0001) patients with iNPH (Korhonen et al, 2018), although the significance of this 

finding is yet to be determined.” 



17th Nov 20201st Revision - Editorial Decision

17th Nov 2020 

Dear Prof. Johnson, 

Thank you for the submission of your revised manuscript  to EMBO Molecular Medicine. I am pleased
to inform you that we will be able to accept your manuscript  pending the following final
amendments: 

1) In the main manuscript  file, please do the following:
- Correct /answer the t rack changes suggested by our data editors by working from the
at tached/uploaded document . 

***** Reviewer's comments ***** 

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

The quality of data has been improved to meet the requirement s of this reviewer. This reviewer 
finds the study important for the communit y of this field. 

Referee #1 (Remarks for Author): 

All the primary concerns of this reviewer have been fully addressed in the revised manuscript . This 
reviewer recommends the publicat ion of this manuscript in EMBO Molecular Medicine.



4th Dec 20202nd Authors' Response to Reviewers

The authors performed the requested changes.



10th Dec 20202nd Revision - Editorial Decision

10th Dec 2020 

Dear Prof. Johnson, 

We are pleased to inform you that your manuscript is accepted for publicat ion.
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Is the variance similar between the groups that are being statistically compared?

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

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

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

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

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

10. We recommend consulting the ARRIVE guidelines (see link list at top right) (PLoS Biol. 8(6), e1000412, 2010) to ensure 
that other relevant aspects of animal studies are adequately reported. See author guidelines, under ‘Reporting 
Guidelines’. See also: NIH (see link list at top right) and MRC (see link list at top right) recommendations.  Please confirm 
compliance.

11. Identify the committee(s) approving the study protocol.

12. Include a statement confirming that informed consent was obtained from all subjects and that the experiments 
conformed to the principles set out in the WMA Declaration of Helsinki and the Department of Health and Human 
Services Belmont Report.

13. For publication of patient photos, include a statement confirming that consent to publish was obtained.

14. Report any restrictions on the availability (and/or on the use) of human data or samples.

15. Report the clinical trial registration number (at ClinicalTrials.gov or equivalent), where applicable.

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

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

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

Data deposition in a public repository is mandatory for: 
a. Protein, DNA and RNA sequences 
b. Macromolecular structures 
c. Crystallographic data for small molecules 
d. Functional genomics data 
e. Proteomics and molecular interactions

19. Deposition is strongly recommended for any datasets that are central and integral to the study; please consider the 
journal’s data policy. If no structured public repository exists for a given data type, we encourage the provision of datasets 
in the manuscript as a Supplementary Document (see author guidelines under ‘Expanded View’ or in unstructured 
repositories such as Dryad (see link list at top right) or Figshare (see link list at top right).
20. Access to human clinical and genomic datasets should be provided with as few restrictions as possible while respecting 
ethical obligations to the patients and relevant medical and legal issues. If practically possible and compatible with the 
individual consent agreement used in the study, such data should be deposited in one of the major public access-
controlled repositories such as dbGAP (see link list at top right) or EGA (see link list at top right).
21. Computational models that are central and integral to a study should be shared without restrictions and provided in a 
machine-readable form.  The relevant accession numbers or links should be provided. When possible, standardized format 
(SBML, CellML) should be used instead of scripts (e.g. MATLAB). Authors are strongly encouraged to follow the MIRIAM 
guidelines (see link list at top right) and deposit their model in a public database such as Biomodels (see link list at top 
right) or JWS Online (see link list at top right). If computer source code is provided with the paper, it should be deposited 
in a public repository or included in supplementary information.

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

N/A

N/A

N/A

WES data is deposited in dbGaP database

N/A

WES data will be deposited in dbGaP database

N/A

C57BL/6 mice were used to generate CWH43 genetic modified mouse lines in Transgenic Animal 
Modeling Core at University of Massachusetts Medical School by injecting guiding RNA and 
Crispr/Cas9 into fertilized mouse embryos. The founder mice were back crossed to C57BL/6 mice 
to generate F1 and screened by PCR and Sequencing. Adult male and female mice were used 
dependent on litters available with equal distributions across experiments.  Mice were housed in 
University of Massachusetts Medical School animal facility under standard conditions (22 ± 1°C, 
60% relative humidity, 12 hours light/dark schedule, 3–4 mice/cage, with free access to food and 
water). Animals were cared by licensed veterinarians.  

This study was conducted in accordance with the protocol that was   approved by The University of 
Massachusetts Medical School Institutional Animal Care and Use Committee (IACUC).

We have followed the guidelines of the Office of Laboratory Animal Welfare, National Institutes of 
Health

G- Dual use research of concern

F- Data Accessibility

Brigham and Women's Hospital Institutional Review Boards and University of Massachusetts  
Medical School  Institutional  Review Boards

Informed consent was obtained from all patients under the approved IRB from Brigham and 
Women's Hospital and the University of Massachusetts Medical School

N/A

Hela cell was obtained from ATCC and were recently tested for mycoplasma contamination
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The citation, catalog number and/or clone numbers are provided in each antibody used 
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