
Improved systemic AAV gene therapy with a
neurotrophic capsid in Niemann-Pick disease
type C1 mice
Crist in Davidson, Alana Gibson, Tansy Gu, Laura Baxter, Benjamin Deverman, Keith Beadle, Arturo
Incao, Jorge Rodriguez-Gil, Hideji Fujiwara, Xunt ian Jiang, Randy Chandler, Daniel Ory, Viviana
Gradinaru, Charles Vendit t i, and William Pavan
DOI: https://doi.org/10.26508/lsa.202101040

Corresponding author(s): William Pavan, National Human Genome Research Institute and Charles
Venditti, NIH

Review Timeline: Submission Date: 2021-01-28
Editorial Decision: 2021-03-25
Revision Received: 2021-07-27
Editorial Decision: 2021-07-29
Revision Received: 2021-08-04
Accepted: 2021-08-04

Scientific Editor: Eric Sawey, PhD

Transaction Report:
(Note: With the except ion of the correct ion of typographical or spelling errors that could be a source
of ambiguity, let ters and reports are not edited. The original formatt ing of let ters and referee
reports may not be reflected in this compilat ion.)

on 24 May, 2023life-science-alliance.org Downloaded from 
http://doi.org/10.26508/lsa.202101040Published Online: 18 August, 2021 | Supp Info: 

https://www.life-science-alliance.org/
http://doi.org/10.26508/lsa.202101040


March 25, 20211st Editorial Decision

March 25, 2021 

Re: Life Science Alliance manuscript  #LSA-2021-01040 

Dr. Bill Pavan 
Nat ional Human Genome Research Inst itute 
Genet ic Disease Research Branch Building 49, Room 4A82 49 Convent Drive, MSC 4472 
Bethesda, MD 20892-4472 

Dear Dr. Pavan, 

Thank you for submit t ing your manuscript  ent it led "A neurotrophic capsid improves the efficacy of
systemic AAV gene therapy in Niemann-Pick C1 mice" to Life Science Alliance. The manuscript  was
assessed by expert  reviewers, whose comments are appended to this let ter. 

We apologize for this unusual and extended delay in gett ing back to you. As you can see from the
reviewers' comments below, both reviewers are interested in these findings. Reviewer 1 has only a
few points, while Reviewer 2 has raised a number of quest ions, most of which, in our opinion, could
be addressed with text  revisions and reasonable experimentat ion. We would, thus, encourage you
to submit  a revised version of the manuscript  that  addresses all of the reviewers' points. 

To upload the revised version of your manuscript , please log in to your account:
ht tps://lsa.msubmit .net/cgi-bin/main.plex 
You will be guided to complete the submission of your revised manuscript  and to fill in all necessary
informat ion. Please get in touch in case you do not know or remember your login name. 

We would be happy to discuss the individual revision points further with you should this be helpful. 

While you are revising your manuscript , please also at tend to the below editorial points to help
expedite the publicat ion of your manuscript . Please direct  any editorial quest ions to the journal
office. 

The typical t imeframe for revisions is three months. Please note that papers are generally
considered through only one revision cycle, so strong support  from the referees on the revised
version is needed for acceptance. 

When submit t ing the revision, please include a let ter addressing the reviewers' comments point  by
point . 

We hope that the comments below will prove construct ive as your work progresses. 

Thank you for this interest ing contribut ion to Life Science Alliance. We are looking forward to
receiving your revised manuscript . 

Sincerely, 

Shachi Bhatt , Ph.D. 



Execut ive Editor 
Life Science Alliance 
ht tps://www.lsajournal.org/ 
Tweet @SciBhatt  @LSAjournal 
Interested in an editorial career? EMBO Solut ions is hiring a Scient ific Editor to join the internat ional
Life Science Alliance team. Find out more here -
ht tps://www.embo.org/documents/jobs/Vacancy_Not ice_Scient ific_editor_LSA.pdf 

--------------------------------------------------------------------------- 

A. THESE ITEMS ARE REQUIRED FOR REVISIONS

-- A let ter addressing the reviewers' comments point  by point . 

-- An editable version of the final text  (.DOC or .DOCX) is needed for copyedit ing (no PDFs). 

-- High-resolut ion figure, supplementary figure and video files uploaded as individual files: See our
detailed guidelines for preparing your product ion-ready images, ht tps://www.life-science-
alliance.org/authors 

-- Summary blurb (enter in submission system): A short  text  summarizing in a single sentence the
study (max. 200 characters including spaces). This text  is used in conjunct ion with the t it les of
papers, hence should be informat ive and complementary to the t it le and running t it le. It  should
describe the context  and significance of the findings for a general readership; it  should be writ ten in
the present tense and refer to the work in the third person. Author names should not be ment ioned.

B. MANUSCRIPT ORGANIZATION AND FORMATTING:

Full guidelines are available on our Instruct ions for Authors page, ht tps://www.life-science-
alliance.org/authors 

We encourage our authors to provide original source data, part icularly uncropped/-processed
electrophoret ic blots and spreadsheets for the main figures of the manuscript . If you would like to
add source data, we would welcome one PDF/Excel-file per figure for this informat ion. These files
will be linked online as supplementary "Source Data" files. 

***IMPORTANT: It  is Life Science Alliance policy that if requested, original data images must be
made available. Failure to provide original images upon request will result  in unavoidable delays in
publicat ion. Please ensure that you have access to all original microscopy and blot  data images
before submit t ing your revision.*** 

--------------------------------------------------------------------------- 

Reviewer #1 (Comments to the Authors (Required)): 

This manuscript  reports on the consequences of gene therapy in a mouse model of NPC disease,
comparing two viral vectors that show preferent ial t ransduct ion across the BBB versus to the liver.
The manuscript  is well writ ten and the findings are of broad importance; the authors show that
even modest gene rescue has significant benefit  for the mice. The story should be published
without delay and the following comments are offered to the authors to enhance presentat ion and



clarity for the reader. 

1. Supplemental Figure 5 please state more clearly in the text  how to interpret  the color pattern to
facilitate interpretat ion for the reader. Please comment specifically on changes in cholesterol in the
3 t issues.

2. Figure 1 and 5. Is there any way to quant ify image intesity over part icular areas to permit
quant itat ive comparison (using Image J for example?) This should be easy and would be of value to
capture the impact of the images shown.

Overall, well done! -Suzanne Pfeffer (signed review) 

Reviewer #2 (Comments to the Authors (Required)): 

In this manuscript , Davidson et  al report  a gene therapy approach for NPC1 disease which is a fatal
neurodegenerat ive disease. In the study, they compare both AAV9 and AAVPHP-B-NPC1 for their
therapeut ic efficiency after intravenous delivery in the mouse model of the disease. They
demonstrate a quite good, survival and weight improvement in AAVPHPB NPC1 treated mice
compare to the AAV9 treated one. 
The manuscript  is overall well writ ten and conclusion in accordance to the described data. 
However, I have this major points to highlight : 
• In the first  study they are comparing both vector using a GP reporter gene with a dose of
1.21E12vg. Could you please comment on how this dose was decide?
• Then in the treatment study they are using other doses without any special comment and more
strikingly, AAV9 and AAVPHPB groups did not receive the same amount of vg. Could authors
comments why they use other dose and especially why the 2 groups were not injected with the
same vg to be able to really compare treatment efficacy.
• To assess effect  of t reatment on behavior of NPC1 mice, gait  analysis or maybe clasping test
would have been appreciated. Could authors comment on why they decide to use their phenotype
score and beam walk test , which seems not the best appropriated to the model.
• Regarding VGC determinat ion; compare to the image shown in Figure 1, VGC for AAVPHPB is not
so high in cerebrum, could authors detail the VGC in several brain area (hippocampus, cortex....). And
what about other peripheral organs, did VGC was assessed and why showing only liver? 
• In AAV9 treated mice, authors showed a number of 80VGC, no comments are done on a potent ial
toxicity and it  is difficult  to really compare with AAVPHPB s the total injected dose was not the
same.
• In figure 4, did expression of NPC1 in liver and cerebrum was evaluated in parallel as AAV9 liver
display 80VGC and AAVPHPB cerebrum around 2-3 VGC however, the levels of expression seems
similar, which is quite puzzling, Could the authors comment on that ?
• All the part  regarding Ly6 receptor is quite distrurbing for me, indeed it  is known and published that
at  least  in mice AAVPHPB need the Ly6 receptor to t ransduce the CNS, so why some mice in which
My6 was not present where used for the study, a first  screening of their mice expressing the Ly6
receptor should have been done to only use them for the study, could the authors comments on
that ? this for me is more supplementary data
• Finally, Iba1 staining is not convincing for me even in NPC1 saline mice, could authors presents a
better staining for that
• For liver analysis, no comments on AAV9 toxicity related, and is not clear for me hox a 80VGC
transduct ion would only need to a modest improvement. Could the authors comment on that



Minor points: 
• For figure 2C and D, the normal growth curve which is present in supplementary seems more clear
than the 2 extrapolate graphs
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Response to Reviewers 

We appreciate the thoughtful comments from reviewers and welcome the opportunity to further clarify 

and enhance our manuscript based on their suggestions. Please find our point by point responses below. 

From Reviewer #1: 

1. Supplemental Figure 5. Please state more clearly in the text how to interpret the color pattern to

facilitate interpretation for the reader. Please comment specifically on changes in cholesterol in the 3

tissues.

 Thank you for pointing out that this figure needed clarification. We have included the

following statement in the legend for Supplemental Figure 5 (p. 50, lines 965-967): “The

colorimetric scale (lower right) reflects the minimum and maximum levels of individual

lipids in each row, with green indicating lowest levels, red indicating highest levels, and

black indicating intermediate levels.” We have also added additional phrases mentioning the

green and red colors and noting these mean lower and higher expression levels, respectively

(p. 50).

 Text has been added to p. 14, lines 257-259, to describe the absence of consistent cholesterol

changes: “No consistent changes in cholesterol levels were apparent in brain or liver tissues

of AAV9-NPC1- and AAV-PHP.B-NPC1-treated Npc1m1N/m1N mice.”

2. Figure 1 and 5. Is there any way to quantify image intensity over particular areas to permit

quantitative comparison (using Image J for example?). This should be easy and would be of value to

capture the impact of the images shown.

 We acknowledge the reviewer’s desire to have quantified biodistribution data, but we believe

this is not critical to the conclusions drawn from our work. Figure 1 confirms previous studies

by Deverman et al. (Nature Biotechnology, 2016), which showed that the AAV-PHP.B vector

has greater CNS transduction than AAV9. Deverman’s work quantified transduction

differences between the vectors in brain and several other organs. Our qualitative results

support this conclusion by clearly demonstrating greater AAV-PHP.B-GFP expression

compared to AAV9-GFP in the Npc1 mouse model.

 With respect to the filipin labeling of unesterified cholesterol in Figure 5: Regretfully, we are

unable to stain additional sections of brain necessary for filipin quantification since all tissues

have been embedded in paraffin for subsequent processing. The embedding process removes

lipids rendering filipin and other lipid labels useless. To clarify that we do not conclude one

vector has superior amelioration of brain pathology, we highlight the heterogeneity seen with

both vectors in terms of effect on unesterified cholesterol in the CNS in the legend of Figure

5 (p. 43, line 911): “Note heterogeneity of modest correction observed in both AAV9-NPC1

and AAV-PHP.B-NPC1 transduced mice (C-F).”

 We were, however, able to stain additional brain sections and quantify the percent area of

anti-IBA1 labeling relative to total area in specific cerebellar lobules. This represents a direct

quantification of microglia as requested by Reviewer 1. The new IBA1 quantification is

included in Supplemental Figure 7 as well as in the text, p. 16, lines 291-304: “Quantification

of microgliosis, or the percentage of IBA1+ area, was determined in lobules III, VI/VII, and

IX of cerebellar tissue sections. Saline-injected Npc1m1N/m1N mice displayed a significantly

higher percentage IBA1+ area as compared to Npc1+/+ mice (Supplemental Table 2; Kruskal-

Wallis test with Dunn’s multiple comparison post-test, P=.0029 for lobule III, P=.0034 for

lobules VI/VII, P=.0264 for lobule IX). IBA1+ area in specified lobules of cerebella from

Npc1m1N/m1N mice treated with either gene therapy vector were not significantly different from

saline-injected Npc1m1N/m1N or Npc1+/+ mice, though AAV9-PHP.B-NPC1-treated Npc1m1N/m1N

mice did trend toward greater reduction in pathology. This finding correlates with the higher

AAV9-PHP.B-NPC1 vector copy number and NPC1 protein levels in brain.”
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From Reviewer #2: 

1. In the first study they are comparing both vector using a GP reporter gene with a dose of 1.21E12vg.

Could you please comment on how this dose was decide?

 A dose of 1.21E12 vg/mouse was selected based on our previous publication showing

efficacy of AAV9 (Chandler et al, 2016).

2. Then in the treatment study they are using other doses without any special comment and more

strikingly, AAV9 and AAVPHPB groups did not receive the same amount of vg. Could authors

comments why they use other dose and especially why the 2 groups were not injected with the same

vg to be able to really compare treatment efficacy.

 We appreciate the reviewer noting these differences in vector dosages and provide the

following explanation. Very shortly after the publication highlighting AAV-PHP.B’s superior

CNS transduction, we initiated a collaboration between the National Human Genome

Research Institute and the California Institute of Technology. This was very early in their

production process and due to technical issues with the titer assay, the final titers were

slightly different than those used for calculations during dilution for retro-orbital

administration. The technical difficulty with titer resulted in delivery of a ~22% higher dose

of the AAV9-NPC1 compared to AAV-PHP.B-NPC1. While this difference was not

intentional, it does err in favor of AAV9 and, in essence, further validates the finding that

AAV-PHP.B has greater CNS transduction than AAV9.

 Text has been added on p. 9, lines 138-139 to clarify this issue: “Technical variability with

vector titer assays led to these moderately different doses for AAV-PHP.B-NPC1 vs AAV9-

NPC1.”

3. To assess effect of treatment on behavior of NPC1 mice, gait analysis or maybe clasping test would

have been appreciated. Could authors comment on why they decide to use their phenotype score and

beam walk test, which seems not the best appropriated to the model.

 We agree with the reviewer that both gait and hindlimb clasp can be very useful measures for

NPC mouse models. In fact, both parameters are included in the composite phenotype score.

For clarity, we have updated the results text to include the 6 measures of the composite score

(p. 10, lines 164-165), along with descriptions in the Materials and Methods (p. 24, line 469)

and legend for Figure 2 (p. 40, lines 869-870). We feel that the composite score – which

additionally includes grooming, kyphosis, tremor, and ledge test – is a good readout measure

that encompasses more of the overall phenotype. While acknowledging that objective

quantitative data is preferred, we do not have access to specialized systems such as the

Noldus CatWalk XT and hence the balance beam is a rapid, low cost alternative.

4. Regarding VGC determination; compare to the image shown in Figure 1, VGC for AAVPHPB is not

so high in cerebrum, could authors detail the VGC in several brain area (hippocampus, cortex,….). 

And what about other peripheral organs, did VGC was assessed and why showing only liver? 

 All frozen samples collected from the study mice and subsequently used for gene copy

number analysis have been homogenized. The brain was collected and homogenized in two

parts: cerebellum and cerebrum (which includes areas such as hippocampus, cortex, and

thalamus), thus brain sub-regions from these mice are not available.

 Our experimental design involved collection of only brain and liver for gene copy number

analysis, due to the large number of mice in the study. We selected these two organs because

they both have a well-documented role in NPC disease, opting to further isolate the

cerebellum due to the significant impact of Purkinje neuron loss on phenotypic

manifestations.
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5. In AAV9 treated mice, authors showed a number of 80VGC, no comments are done on a potential

toxicity and it is difficult to really compare with AAVPHPB s the total injected dose was not the

same.

 We acknowledge that the doses for AAV9-NPC1 and AAV-PHP.B-NPC1 differ due to

technical issues described in point 2, with AAV9 being administered at a higher dose. As

mentioned above in point 2, this difference has been noted in the manuscript (p. 9, lines 138-

139). While toxicity is possible with AAV9, we found no histological indicators consistent

with hepatic injury or genotoxicity. Furthermore, the mice had no adverse clinical symptoms

as have been described in NHPs or piglets treated with high doses of AAV9 early in life

(Hinderer et al., 2018). Upon examination of H&E staining for liver in Npc1m1N/m1N mice

treated with AAV9-NPC1, the cytoarchitecture actually looked very similar to Npc1+/+ liver

and showed no obvious signs of toxicity (Fig. 6 and Supplemental Fig. 8). Text describing

these observations is now included in the results (p. 17-18, lines 331-338).

 We have performed an additional analysis on the liver, quantification of the percent area

positive for macrophages (Kuppfer cells) as assessed by CD68 labeling. No statistically

significant differences were found between the AAV9-NPC1 and AAV-PHP.B-NPC1 treated

mouse livers. In fact, the only significant difference was observed between Npc1m1N/m1N mice

administered saline and the Npc1+/+ mice, an expected finding.

 Text has been added to p.16, lines 323-330: “Finally, the percentage of CD68+ area in

sectioned liver tissue was compared between the different treatment groups (Supplemental

Fig.7B). Livers from saline-injected Npc1m1Nm1N mice displayed significantly larger CD68+

areas than did livers from Npc1+/+ mice (Kruskal-Wallis test with Dunn’s multiple

comparison post-test; P=.0109). Although neither AAV9-NPC1- nor AAV-PHP.B-NPC1-

treated Npc1m1N/m1N mice showed significant differences from values for Npc1m1N/m1N mice

administered saline, there was a trend toward reduced CD68+ area in the AAV9-NPC1-

treated mice which correlates with the assessments of vector copy number and NPC1 protein

levels in liver.” Additionally, Supplemental Fig. 7B has been added with mean, standard

deviation, and standard error of mean for the assessment. The reference Rodriguez-Gil et al,

2020 has been cited for method of quantification.

6. In figure 4, did expression of NPC1 in liver and cerebrum was evaluated in parallel as AAV9 liver

display 80VGC and AAVPHPB cerebrum around 2-3 VgC however, the levels of expression seem

similar, which is quite puzzling, Could the authors comment on that?

 A couple of factors explain why the Western blot bands for NPC1 in liver and cerebrum

appear similar. First, in order to detect NPC1 expression in the cerebrum, it was necessary to

load 120 µg of protein vs. only 80 µg of protein for liver. Second, the acquisition settings for

liver and cerebrum blots were configured independently to allow detection of bands within

homogenate of either organ. A longer exposure time and higher gain were required to detect

very faint bands in cerebrum (as evidenced by the over-exposed ladder in cerebrum blot). For

liver, NPC1 expression was much stronger and required lower gain and exposure to visualize

expression (again, lighter ladder indicates lower settings).

7. All the part regarding Ly6a receptor is quite disturbing for me, indeed it is known and published that

at least in mice AAVPHPB need the Ly6a receptor to transduce the CNS, so why some mice in which

My6 was not present where used for the study, a first screening of their mice expressing the Ly6

receptor should have been done to only use them for the study, could the authors comments on that?

This for me is more supplementary data

 Thank you for pointing out this important concern. Our study evaluating AAV-PHP.B in

NPC disease commenced in 2016, but the first work documenting the Ly6a dependence of

AAV-PHP.B in mice was not published until 2019 (Hordeaux et al, 2019), three years

following the initiation of our study. Therefore, we were unaware of this confounding issue

until all of our mice had already been injected and sacrificed. We have edited text on p. 12,
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lines 215-217 to clarify this accordingly: “Following the completion of the AAV-PHP.B-

NPC1 experiments, other groups published work identifying strain-specific effects on the 

CNS transduction efficiency of AAV-PHP.B that are associated with different haplotypes at 

Ly6a…” 

8. Finally, Iba1 staining is not convincing for me even in NPC1 saline mice, could authors presents a

better staining for that

 We appreciate the constructive feedback related to immunofluorescence labeling of IBA1.

We have performed additional staining and quantification of the percent IBA1+ area relative

to total region of interest. This data is included in Supplemental Fig. 7 and in the text on p.

16, lines 291-304: “Only modest improvement of gliosis in gene therapy treated mice

compared to the saline-injected Npc1m1N/m1N cohort was observed, as evidenced by microglial

and astrocytic staining (anti-IBA1 and anti-GFAP, respectively). Quantification of

microgliosis, or the percentage of IBA1+ area, was determined in lobules III, VI/VII, and IX

of cerebellar tissue sections. Saline-injected Npc1m1N/m1N mice displayed a significantly higher

percentage IBA1+ area as compared to Npc1+/+ mice (Supplemental Fig. 7A; Kruskal-Wallis

test with Dunn’s multiple comparison post-test, P=.0029 for lobule III, P=.0034 for lobules

VI/VII, P=.0264 for lobule IX). IBA1+ area in specified lobules of cerebella from

Npc1m1N/m1N mice treated with either gene therapy vector were not significantly different from

saline-injected Npc1m1N/m1N or Npc1+/+ mice, though AAV9-PHP.B-NPC1-treated Npc1m1N/m1N

mice did trend toward greater reduction in pathology. This finding correlates with the higher

AAV9-PHP.B-NPC1 vector copy number and NPC1 protein levels in brain.”

9. For liver analysis, no comments on AAV9 toxicity related, and is not clear for me hox a 80 VCG

transduction would only need to a modest improvement. Could the authors comment on that

 The revised manuscript now indicates that there were no signs of AAV9 toxicity, as described

in point 5 above.

 We agree that an average of 80 vector copies per cell seen in livers of AAV9-NPC1 treated

Npc1m1N/m1N mice could suggest that liver pathology should be greatly reduced. As with any

assay, there are limitations to the droplet digital PCR assay. In particular, two scenarios may

account for higher copy numbers: a greater number of cells may have a lower copy number

per cell or a smaller number of cells may have a higher copy number per cell. We cannot

conclude which scenario best represents of our data.

10. For figure 2C and D, the normal growth curve which is present in supplementary seems more clear

than the 2 extrapolate graphs

 We agree that the weight curves are quite easy to visualize, however, they may be

misinterpreted since mice continually drop out of the curve upon humane sacrifice.

Therefore, weekly weights are not available for every mouse because of the different ages of

sacrifice in the survival cohort. In contrast, the graph in 2C highlights when each mouse

reached its peak weight. This represents a single time point per mouse and is available for

every mouse in the study.

 Graph 2D provides a single measurement of weight gain, loss, or maintenance for every

mouse from 6-9 weeks of age, including Npc1+/+ mice. It is well documented that untreated

Npc1m1N/m1N mice experience a precipitous decline in weight during this time period.

Successful therapeutic interventions often delay this phenotypic manifestation. Therefore, this

measurement provides a quantifiable and easily visualized way to identify a positive impact.

 For the reasons outlined above, we believe the weight curves should remain as supplemental

figures.



July 29, 20211st Revision - Editorial Decision

July 29, 2021 

RE: Life Science Alliance Manuscript  #LSA-2021-01040R 

Dr. William J. Pavan 
Nat ional Human Genome Research Inst itute 
Genet ic Disease Research Branch Building 49, Room 4A82 49 Convent Drive, MSC 4472 
Bethesda, MD 20892-4472 

Dear Dr. Pavan, 

Thank you for submit t ing your revised manuscript  ent it led "Improved systemic AAV gene therapy
with a neurotrophic capsid in Niemann-Pick disease type C1 mice". We would be happy to publish
your paper in Life Science Alliance pending final revisions necessary to meet our formatt ing
guidelines. 

Along with points ment ioned below, please tend to the following: 
-please add ORCID ID for the corresponding (and secondary corresponding) author-both of you
should have received instruct ions on how to do so
-please add the Twit ter handle of your host inst itute/organizat ion as well as your own or one of the
first  author in our system
-please check whether all Authors are inserted in the Author Contribut ions sect ion of your main
manuscript  text
-please add callouts for Figures 5B and S6A-H to your main manuscript  text

FIGURE CHECKS: 
-there are panels A-X in Figure S8, but they are not ment ioned in the figure legend nor are there
callouts for them in the manuscript  text
-same issue as above for Figure S1, A, and B panels

If you are planning a press release on your work, please inform us immediately to allow informing our
product ion team and scheduling a release date. 

LSA now encourages authors to provide a 30-60 second video where the study is briefly explained.
We will use these videos on social media to promote the published paper and the present ing
author. Corresponding or first-authors are welcome to submit  the video. Please submit  only one
video per manuscript . The video can be emailed to contact@life-science-alliance.org 

To upload the final version of your manuscript , please log in to your account:
ht tps://lsa.msubmit .net/cgi-bin/main.plex 
You will be guided to complete the submission of your revised manuscript  and to fill in all necessary
informat ion. Please get in touch in case you do not know or remember your login name. 

To avoid unnecessary delays in the acceptance and publicat ion of your paper, please read the
following informat ion carefully. 

A. FINAL FILES:



These items are required for acceptance. 

-- An editable version of the final text  (.DOC or .DOCX) is needed for copyedit ing (no PDFs). 

-- High-resolut ion figure, supplementary figure and video files uploaded as individual files: See our
detailed guidelines for preparing your product ion-ready images, ht tps://www.life-science-
alliance.org/authors 

-- Summary blurb (enter in submission system): A short  text  summarizing in a single sentence the
study (max. 200 characters including spaces). This text  is used in conjunct ion with the t it les of
papers, hence should be informat ive and complementary to the t it le. It  should describe the context
and significance of the findings for a general readership; it  should be writ ten in the present tense
and refer to the work in the third person. Author names should not be ment ioned. 

B. MANUSCRIPT ORGANIZATION AND FORMATTING:

Full guidelines are available on our Instruct ions for Authors page, ht tps://www.life-science-
alliance.org/authors 

We encourage our authors to provide original source data, part icularly uncropped/-processed
electrophoret ic blots and spreadsheets for the main figures of the manuscript . If you would like to
add source data, we would welcome one PDF/Excel-file per figure for this informat ion. These files
will be linked online as supplementary "Source Data" files. 

**Submission of a paper that does not conform to Life Science Alliance guidelines will delay the
acceptance of your manuscript .** 

**It  is Life Science Alliance policy that if requested, original data images must be made available to
the editors. Failure to provide original images upon request will result  in unavoidable delays in
publicat ion. Please ensure that you have access to all original data images prior to final
submission.** 

**The license to publish form must be signed before your manuscript  can be sent to product ion. A
link to the electronic license to publish form will be sent to the corresponding author only. Please
take a moment to check your funder requirements.** 

**Reviews, decision let ters, and point-by-point  responses associated with peer-review at  Life
Science Alliance will be published online, alongside the manuscript . If you do want to opt out of
having the reviewer reports and your point-by-point  responses displayed, please let  us know
immediately.** 

Thank you for your at tent ion to these final processing requirements. Please revise and format the
manuscript  and upload materials within 7 days. 

Thank you for this interest ing contribut ion, we look forward to publishing your paper in Life Science
Alliance. 

Sincerely, 



Eric Sawey, PhD 
Execut ive Editor 
Life Science Alliance 
ht tp://www.lsajournal.org 

------------------------------------------------------------------------------ 
Reviewer #1 (Comments to the Authors (Required)): 

This authors have provided thoughtful and suitable responses to the reviewer comments and the
paper should be published without delay. They should note that image quant itat ion would not
require new sect ion labeling and would rely on the images already obtained. 

Reviewer #2 (Comments to the Authors (Required)): 

I thanks the reviewer for their reply and answering all the pointed out item and the paper is now fine
for publicat ion 
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Response to Reviewers 

We appreciate the thoughtful comments from reviewers and welcome the opportunity to further clarify 

and enhance our manuscript based on their suggestions. Please find our point by point responses below. 

From Reviewer #1: 

1. Supplemental Figure 5. Please state more clearly in the text how to interpret the color pattern to

facilitate interpretation for the reader. Please comment specifically on changes in cholesterol in the 3

tissues.

 Thank you for pointing out that this figure needed clarification. We have included the

following statement in the legend for Supplemental Figure 5 (p. 50, lines 965-967): “The

colorimetric scale (lower right) reflects the minimum and maximum levels of individual

lipids in each row, with green indicating lowest levels, red indicating highest levels, and

black indicating intermediate levels.” We have also added additional phrases mentioning the

green and red colors and noting these mean lower and higher expression levels, respectively

(p. 50).

 Text has been added to p. 14, lines 257-259, to describe the absence of consistent cholesterol

changes: “No consistent changes in cholesterol levels were apparent in brain or liver tissues

of AAV9-NPC1- and AAV-PHP.B-NPC1-treated Npc1m1N/m1N mice.”

2. Figure 1 and 5. Is there any way to quantify image intensity over particular areas to permit

quantitative comparison (using Image J for example?). This should be easy and would be of value to

capture the impact of the images shown.

 We acknowledge the reviewer’s desire to have quantified biodistribution data, but we believe

this is not critical to the conclusions drawn from our work. Figure 1 confirms previous studies

by Deverman et al. (Nature Biotechnology, 2016), which showed that the AAV-PHP.B vector

has greater CNS transduction than AAV9. Deverman’s work quantified transduction

differences between the vectors in brain and several other organs. Our qualitative results

support this conclusion by clearly demonstrating greater AAV-PHP.B-GFP expression

compared to AAV9-GFP in the Npc1 mouse model.

 With respect to the filipin labeling of unesterified cholesterol in Figure 5: Regretfully, we are

unable to stain additional sections of brain necessary for filipin quantification since all tissues

have been embedded in paraffin for subsequent processing. The embedding process removes

lipids rendering filipin and other lipid labels useless. To clarify that we do not conclude one

vector has superior amelioration of brain pathology, we highlight the heterogeneity seen with

both vectors in terms of effect on unesterified cholesterol in the CNS in the legend of Figure

5 (p. 43, line 911): “Note heterogeneity of modest correction observed in both AAV9-NPC1

and AAV-PHP.B-NPC1 transduced mice (C-F).”

 We were, however, able to stain additional brain sections and quantify the percent area of

anti-IBA1 labeling relative to total area in specific cerebellar lobules. This represents a direct

quantification of microglia as requested by Reviewer 1. The new IBA1 quantification is

included in Supplemental Figure 7 as well as in the text, p. 16, lines 291-304: “Quantification

of microgliosis, or the percentage of IBA1+ area, was determined in lobules III, VI/VII, and

IX of cerebellar tissue sections. Saline-injected Npc1m1N/m1N mice displayed a significantly

higher percentage IBA1+ area as compared to Npc1+/+ mice (Supplemental Table 2; Kruskal-

Wallis test with Dunn’s multiple comparison post-test, P=.0029 for lobule III, P=.0034 for

lobules VI/VII, P=.0264 for lobule IX). IBA1+ area in specified lobules of cerebella from

Npc1m1N/m1N mice treated with either gene therapy vector were not significantly different from

saline-injected Npc1m1N/m1N or Npc1+/+ mice, though AAV9-PHP.B-NPC1-treated Npc1m1N/m1N

mice did trend toward greater reduction in pathology. This finding correlates with the higher

AAV9-PHP.B-NPC1 vector copy number and NPC1 protein levels in brain.”
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From Reviewer #2: 

1. In the first study they are comparing both vector using a GP reporter gene with a dose of 1.21E12vg.

Could you please comment on how this dose was decide?

 A dose of 1.21E12 vg/mouse was selected based on our previous publication showing

efficacy of AAV9 (Chandler et al, 2016).

2. Then in the treatment study they are using other doses without any special comment and more

strikingly, AAV9 and AAVPHPB groups did not receive the same amount of vg. Could authors

comments why they use other dose and especially why the 2 groups were not injected with the same

vg to be able to really compare treatment efficacy.

 We appreciate the reviewer noting these differences in vector dosages and provide the

following explanation. Very shortly after the publication highlighting AAV-PHP.B’s superior

CNS transduction, we initiated a collaboration between the National Human Genome

Research Institute and the California Institute of Technology. This was very early in their

production process and due to technical issues with the titer assay, the final titers were

slightly different than those used for calculations during dilution for retro-orbital

administration. The technical difficulty with titer resulted in delivery of a ~22% higher dose

of the AAV9-NPC1 compared to AAV-PHP.B-NPC1. While this difference was not

intentional, it does err in favor of AAV9 and, in essence, further validates the finding that

AAV-PHP.B has greater CNS transduction than AAV9.

 Text has been added on p. 9, lines 138-139 to clarify this issue: “Technical variability with

vector titer assays led to these moderately different doses for AAV-PHP.B-NPC1 vs AAV9-

NPC1.”

3. To assess effect of treatment on behavior of NPC1 mice, gait analysis or maybe clasping test would

have been appreciated. Could authors comment on why they decide to use their phenotype score and

beam walk test, which seems not the best appropriated to the model.

 We agree with the reviewer that both gait and hindlimb clasp can be very useful measures for

NPC mouse models. In fact, both parameters are included in the composite phenotype score.

For clarity, we have updated the results text to include the 6 measures of the composite score

(p. 10, lines 164-165), along with descriptions in the Materials and Methods (p. 24, line 469)

and legend for Figure 2 (p. 40, lines 869-870). We feel that the composite score – which

additionally includes grooming, kyphosis, tremor, and ledge test – is a good readout measure

that encompasses more of the overall phenotype. While acknowledging that objective

quantitative data is preferred, we do not have access to specialized systems such as the

Noldus CatWalk XT and hence the balance beam is a rapid, low cost alternative.

4. Regarding VGC determination; compare to the image shown in Figure 1, VGC for AAVPHPB is not

so high in cerebrum, could authors detail the VGC in several brain area (hippocampus, cortex,….). 

And what about other peripheral organs, did VGC was assessed and why showing only liver? 

 All frozen samples collected from the study mice and subsequently used for gene copy

number analysis have been homogenized. The brain was collected and homogenized in two

parts: cerebellum and cerebrum (which includes areas such as hippocampus, cortex, and

thalamus), thus brain sub-regions from these mice are not available.

 Our experimental design involved collection of only brain and liver for gene copy number

analysis, due to the large number of mice in the study. We selected these two organs because

they both have a well-documented role in NPC disease, opting to further isolate the

cerebellum due to the significant impact of Purkinje neuron loss on phenotypic

manifestations.
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5. In AAV9 treated mice, authors showed a number of 80VGC, no comments are done on a potential

toxicity and it is difficult to really compare with AAVPHPB s the total injected dose was not the

same.

 We acknowledge that the doses for AAV9-NPC1 and AAV-PHP.B-NPC1 differ due to

technical issues described in point 2, with AAV9 being administered at a higher dose. As

mentioned above in point 2, this difference has been noted in the manuscript (p. 9, lines 138-

139). While toxicity is possible with AAV9, we found no histological indicators consistent

with hepatic injury or genotoxicity. Furthermore, the mice had no adverse clinical symptoms

as have been described in NHPs or piglets treated with high doses of AAV9 early in life

(Hinderer et al., 2018). Upon examination of H&E staining for liver in Npc1m1N/m1N mice

treated with AAV9-NPC1, the cytoarchitecture actually looked very similar to Npc1+/+ liver

and showed no obvious signs of toxicity (Fig. 6 and Supplemental Fig. 8). Text describing

these observations is now included in the results (p. 17-18, lines 331-338).

 We have performed an additional analysis on the liver, quantification of the percent area

positive for macrophages (Kuppfer cells) as assessed by CD68 labeling. No statistically

significant differences were found between the AAV9-NPC1 and AAV-PHP.B-NPC1 treated

mouse livers. In fact, the only significant difference was observed between Npc1m1N/m1N mice

administered saline and the Npc1+/+ mice, an expected finding.

 Text has been added to p.16, lines 323-330: “Finally, the percentage of CD68+ area in

sectioned liver tissue was compared between the different treatment groups (Supplemental

Fig.7B). Livers from saline-injected Npc1m1Nm1N mice displayed significantly larger CD68+

areas than did livers from Npc1+/+ mice (Kruskal-Wallis test with Dunn’s multiple

comparison post-test; P=.0109). Although neither AAV9-NPC1- nor AAV-PHP.B-NPC1-

treated Npc1m1N/m1N mice showed significant differences from values for Npc1m1N/m1N mice

administered saline, there was a trend toward reduced CD68+ area in the AAV9-NPC1-

treated mice which correlates with the assessments of vector copy number and NPC1 protein

levels in liver.” Additionally, Supplemental Fig. 7B has been added with mean, standard

deviation, and standard error of mean for the assessment. The reference Rodriguez-Gil et al,

2020 has been cited for method of quantification.

6. In figure 4, did expression of NPC1 in liver and cerebrum was evaluated in parallel as AAV9 liver

display 80VGC and AAVPHPB cerebrum around 2-3 VgC however, the levels of expression seem

similar, which is quite puzzling, Could the authors comment on that?

 A couple of factors explain why the Western blot bands for NPC1 in liver and cerebrum

appear similar. First, in order to detect NPC1 expression in the cerebrum, it was necessary to

load 120 µg of protein vs. only 80 µg of protein for liver. Second, the acquisition settings for

liver and cerebrum blots were configured independently to allow detection of bands within

homogenate of either organ. A longer exposure time and higher gain were required to detect

very faint bands in cerebrum (as evidenced by the over-exposed ladder in cerebrum blot). For

liver, NPC1 expression was much stronger and required lower gain and exposure to visualize

expression (again, lighter ladder indicates lower settings).

7. All the part regarding Ly6a receptor is quite disturbing for me, indeed it is known and published that

at least in mice AAVPHPB need the Ly6a receptor to transduce the CNS, so why some mice in which

My6 was not present where used for the study, a first screening of their mice expressing the Ly6

receptor should have been done to only use them for the study, could the authors comments on that?

This for me is more supplementary data

 Thank you for pointing out this important concern. Our study evaluating AAV-PHP.B in

NPC disease commenced in 2016, but the first work documenting the Ly6a dependence of

AAV-PHP.B in mice was not published until 2019 (Hordeaux et al, 2019), three years

following the initiation of our study. Therefore, we were unaware of this confounding issue

until all of our mice had already been injected and sacrificed. We have edited text on p. 12,
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lines 215-217 to clarify this accordingly: “Following the completion of the AAV-PHP.B-

NPC1 experiments, other groups published work identifying strain-specific effects on the 

CNS transduction efficiency of AAV-PHP.B that are associated with different haplotypes at 

Ly6a…” 

8. Finally, Iba1 staining is not convincing for me even in NPC1 saline mice, could authors presents a

better staining for that

 We appreciate the constructive feedback related to immunofluorescence labeling of IBA1.

We have performed additional staining and quantification of the percent IBA1+ area relative

to total region of interest. This data is included in Supplemental Fig. 7 and in the text on p.

16, lines 291-304: “Only modest improvement of gliosis in gene therapy treated mice

compared to the saline-injected Npc1m1N/m1N cohort was observed, as evidenced by microglial

and astrocytic staining (anti-IBA1 and anti-GFAP, respectively). Quantification of

microgliosis, or the percentage of IBA1+ area, was determined in lobules III, VI/VII, and IX

of cerebellar tissue sections. Saline-injected Npc1m1N/m1N mice displayed a significantly higher

percentage IBA1+ area as compared to Npc1+/+ mice (Supplemental Fig. 7A; Kruskal-Wallis

test with Dunn’s multiple comparison post-test, P=.0029 for lobule III, P=.0034 for lobules

VI/VII, P=.0264 for lobule IX). IBA1+ area in specified lobules of cerebella from

Npc1m1N/m1N mice treated with either gene therapy vector were not significantly different from

saline-injected Npc1m1N/m1N or Npc1+/+ mice, though AAV9-PHP.B-NPC1-treated Npc1m1N/m1N

mice did trend toward greater reduction in pathology. This finding correlates with the higher

AAV9-PHP.B-NPC1 vector copy number and NPC1 protein levels in brain.”

9. For liver analysis, no comments on AAV9 toxicity related, and is not clear for me hox a 80 VCG

transduction would only need to a modest improvement. Could the authors comment on that

 The revised manuscript now indicates that there were no signs of AAV9 toxicity, as described

in point 5 above.

 We agree that an average of 80 vector copies per cell seen in livers of AAV9-NPC1 treated

Npc1m1N/m1N mice could suggest that liver pathology should be greatly reduced. As with any

assay, there are limitations to the droplet digital PCR assay. In particular, two scenarios may

account for higher copy numbers: a greater number of cells may have a lower copy number

per cell or a smaller number of cells may have a higher copy number per cell. We cannot

conclude which scenario best represents of our data.

10. For figure 2C and D, the normal growth curve which is present in supplementary seems more clear

than the 2 extrapolate graphs

 We agree that the weight curves are quite easy to visualize, however, they may be

misinterpreted since mice continually drop out of the curve upon humane sacrifice.

Therefore, weekly weights are not available for every mouse because of the different ages of

sacrifice in the survival cohort. In contrast, the graph in 2C highlights when each mouse

reached its peak weight. This represents a single time point per mouse and is available for

every mouse in the study.

 Graph 2D provides a single measurement of weight gain, loss, or maintenance for every

mouse from 6-9 weeks of age, including Npc1+/+ mice. It is well documented that untreated

Npc1m1N/m1N mice experience a precipitous decline in weight during this time period.

Successful therapeutic interventions often delay this phenotypic manifestation. Therefore, this

measurement provides a quantifiable and easily visualized way to identify a positive impact.

 For the reasons outlined above, we believe the weight curves should remain as supplemental

figures.
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Dr. William J. Pavan 
Nat ional Human Genome Research Inst itute 
Genet ic Disease Research Branch Building 49, Room 4A82 49 Convent Drive, MSC 4472 
Bethesda, MD 20892-4472 

Dear Dr. Pavan, 

Thank you for submit t ing your Research Art icle ent it led "Improved systemic AAV gene therapy with
a neurotrophic capsid in Niemann-Pick disease type C1 mice". It  is a pleasure to let  you know that
your manuscript  is now accepted for publicat ion in Life Science Alliance. Congratulat ions on this
interest ing work. 

The final published version of your manuscript  will be deposited by us to PubMed Central upon
online publicat ion. 

Your manuscript  will now progress through copyedit ing and proofing. It  is journal policy that authors
provide original data upon request. 

Reviews, decision let ters, and point-by-point  responses associated with peer-review at  Life Science
Alliance will be published online, alongside the manuscript . If you do want to opt out of having the
reviewer reports and your point-by-point  responses displayed, please let  us know immediately. 

***IMPORTANT: If you will be unreachable at  any t ime, please provide us with the email address of
an alternate author. Failure to respond to rout ine queries may lead to unavoidable delays in
publicat ion.*** 

Scheduling details will be available from our product ion department. You will receive proofs short ly
before the publicat ion date. Only essent ial correct ions can be made at  the proof stage so if there
are any minor final changes you wish to make to the manuscript , please let  the journal office know
now. 

DISTRIBUTION OF MATERIALS: 
Authors are required to distribute freely any materials used in experiments published in Life Science
Alliance. Authors are encouraged to deposit  materials used in their studies to the appropriate
repositories for distribut ion to researchers. 

You can contact  the journal office with any quest ions, contact@life-science-alliance.org 

Again, congratulat ions on a very nice paper. I hope you found the review process to be construct ive
and are pleased with how the manuscript  was handled editorially. We look forward to future excit ing
submissions from your lab. 

Sincerely, 



Eric Sawey, PhD 
Execut ive Editor 
Life Science Alliance 
ht tp://www.lsajournal.org 
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