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Peer Review File



Reviewers' Comments: 

Reviewer #1: 

Remarks to the Author: 

This manuscript describes the development of a gene therapy approach to the treatment of Pompe 

disease in a mouse model of CRIM negative infantile Pompe disease and in non-human primates. 

It describes a concept of gene therapy which is currently prevalent in the lysosomal storage 

disorders where the aim is not to deliver a functional gene directly to the target cells but instead to 

transduce other cell types with the aim of getting them to overexposes a secretable form of the 

defective enzyme which then enters the circulation and is taken up by the affected cell types. In 

this approach, the transducer cells, which can be hepatocytes or bone marrow progenitors, act as 

an enzyme factory to maintain constant enzyme levels in the circulation. The hope is that this will 

prove more effective than current enzyme replacement therapies where recombinant enzyme is 

given by periodic intravenous infusion. 

This is not a novel approach and is under investigation by many groups in many different LSDs. In 

fact, clinical trials of exactly this approach in Pompe disease are already recruiting 

(https://clinicaltrials.gov/ct2/show/NCT03533673?recrs=a&cond=Pompe+Disease&draw=2&rank=

5, 

https://clinicaltrials.gov/ct2/show/NCT04174105?recrs=a&cond=Pompe+Disease&draw=2&rank=

10) including one using what I think is the vector described here 

(https://clinicaltrials.gov/ct2/show/NCT04093349?recrs=a&cond=Pompe+Disease&draw=3&rank=

19). I think the authors need to take more care to set out this context in the introduction. 

Although therapeutic efficacy of AAV-mediated GAA gene delivery to the liver has been 

demonstrated before by this group and others, what is novel here is the comparison with ERT. In 

order to do this, they have had to construct a novel immunodeficient mouse model which avoids 

the development of hypersensitivity to the infused enzyme. It needs to be made clear that this 

model does not really equate to any potential human use of the technology, and that the 

distribution and pharmacokinetics of both the recombinant and hepatic expressed enzymes are 

likely to be affected by the immunodeficiency. Nonetheless, the results are interesting and likely to 

be relevant to human use. 

The primary results concern the comparison between the pharmacokinetics of ERT and gene 

therapy. I think figure 1B, showing plasma enzyme activity, is misrepresentative as it has no data 

from early time points after enzyme infusion, when activity after ERT would have been high. This 

data is present in figure 6 and I would suggest that at least the data in fig 6B is included in fig 1. 

Fig 2A is confusing because the scales on the y axis are very different for each panel. I would 

suggest it needs an extra panel to indicate the enormous differences in the level of enzyme seen in 

different muscles. I would suggest comparing highest dose expression across the different tissues. 

These disparities then need to be picked up in the text and discussed. 

I have some problems with the sections on enzyme delivery to the CNS. Firstly CNS disease is not 

a significant feature in the natural history of Pompe disease; it has recently come to light as a late 

complication in patients with IOPD who have been successfully treated with ERT, which is in fact 

lifesaving in this condition. To suggest that delivery to the CNS is a major unmet clinical need is 

inaccurate. Secondly, there is no satisfactory explanation of how enzyme is accessing the CNS. It 

is widely accepted that lysosomal enzymes in the blood do not cross the blood brain barrier. The 

data presented here shown that enzyme can enter endothelial cells, which has already been well 

demonstrated in other LSDs, but not that it can be exported again into the brain. This data is a 

misleading distraction and should be omitted. Instead they should consider other explanations: 

either that enough vector genomes enter the CNS to lead to significant gene expression (there 

does not appear to be any data here about where vector genomes are found in mice, which would 

be useful, at least in the supplementary material); or that expression is from bone marrow derived 

cells (where they have found significant vector genomes in NHP) repopulate g the CNS, which is a 

well recognised mechanism. 

I am not sure what the added value of the chaperone work is. If the liver directed gene therapy 



approach works so well, then why would we need a further, expensive, pharmacological 

intervention. They have no evidence that this would provide added clinical benefits. Without that I 

don't think it adds anything to the manuscript. 

In the Discussion, the comparison with haemophilia (line 432) is not really appropriate as factor 

VIII is a protein which is normally secreted from the liver and acts in plasma rather than having to 

be taken up to cells: delivering the factor VIII gene to the liver in haemophilia is actually 

correcting the affected tissue, which is not what is being proposed here at all. The sentence about 

CNS glycogen storage having an important role in respiratory failure in Pomoe (starting on line 

450) is not evidence based and should be omitted. This is part of the authors unjustified attempt 

to portray CNS delivery of enzyme as an unmet need. Their data on muscle delivery is good 

enough, and they really don't need to make doubtful claims about CNS delivery. 

Reviewer #2: 

Remarks to the Author: 

The manuscript NCOMMS-21-06438, entitled "Hepatic expression of GAA results in enhanced 

enzyme bioavailability in mice and non-human primates" by Mingozzi and colleagues, reports on 

hepatic gene transfer with adeno-associated virus vectors expressing secretable GAA. 

It is a very thorough study that is well described and elegantly conducted with state-of-the-art 

methods. 

The investigation with a Pompe disease mouse model reveals great therapeutic potential for 

hepatic gene transfer with AAV expressing secretable GAA. This finding should raise interest in the 

field of lysosomal storage diseases. The strength of the work is the careful comparison of the 

corrections brought about by the AAV intervention with those reached with enzyme replacement 

therapy (the present therapy for Pompe disease). Of interest is also the reported examination of 

the potential additive value of administration of small compound chaperones to AAV treated Pompe 

mice. 

Specific comment to authors. 

The study is well conducted with attention to detail. 

One wonders whether it is not worthwhile to also consider an analysis of unrelated lysosomal 

enzyme levels in tissues of treated and untreated PD mice. Often in LSDs, other lysosomal 

enzymes are secondary elevated in response to lysosomal storage. A successful clearance of 

excessive glycogen by the AAV intervention would likely be accompanied by corrections in other 

lysosomal enzymes as well. Demonstration of such corrections would further demonstrate efficacy 

of the AAV intervention. 



 
REVIEWER COMMENTS  
 
Reviewer #1 (Remarks to the Author):  
 
This manuscript describes the development of a gene therapy approach to the 
treatment of Pompe disease in a mouse model of CRIM negative infantile 
Pompe disease and in non-human primates. It describes a concept of gene 
therapy which is currently prevalent in the lysosomal storage disorders where 
the aim is not to deliver a functional gene directly to the target cells but instead 
to transduce other cell types with the aim of getting them to overexposes a 
secretable form of the defective enzyme which then enters the circulation and 
is taken up by the affected cell types. In this approach, the transducer cells, 
which can be hepatocytes or bone marrow progenitors, act as an enzyme 
factory to maintain constant enzyme levels in the circulation. The hope is that 
this will prove more effective than current enzyme replacement therapies 
where recombinant enzyme is given by periodic intravenous infusion. 
 
ANSWER: We would like to thank the Reviewer for appreciating the relevance of our 
work and for helping us improve our manuscript. 
 
 
This is not a novel approach and is under investigation by many groups in 
many different LSDs. In fact, clinical trials of exactly this approach in Pompe 
disease are already recruiting 
(https://clinicaltrials.gov/ct2/show/NCT03533673?recrs=a&cond=Pompe+Disea
se&draw=2&rank=5, https://clinicaltrials.gov/ct2/show/NCT04174105?recrs=a&
cond=Pompe+Disease&draw=2&rank=10) including one using what I think is 
the vector described here 
(https://clinicaltrials.gov/ct2/show/NCT04093349?recrs=a&cond=Pompe+Disea
se&draw=3&rank=19). I think the authors need to take more care to set out this 
context in the introduction. 
 
 
ANSWER: The Reviewer correctly states that many groups are exploring the use of 
the liver as a biofactory to secrete proteins. It is also correct that the approach 
described in our manuscript is currently under clinical investigation. There are several 
points supporting the novelty of our work that we would like to highlight: 
1. our work provides a model to study the pharmacokinetics of gene transfer and 
compare that to ERT. While we do not disagree that other studies showed that gene 
therapy is superior to ERT, here we provide mechanistic insights explaining the 
findings, which are relevant to several of the gene therapies in development. We also 
show that ERT may have      the same efficacy as gene transfer in permissive tissue 
(e.g. heart), while enzyme bioavailability in refractory tissues is higher in AAV treated 
animals. This has direct implications for Pompe and other diseases and provides a 
framework for the evaluation of efficacy and minimal efficacious dose of gene therapy 
for liver-expressed therapeutic proteins.  
2. This study is the first study in which the pharmacokinetics of an enzyme secreted 
in hepatocytes has been evaluated in the circulation and in tissues. The work 
provides direct evidence that      the steady-state levels of expression drive 



therapeutic efficacy, and that peak levels of enzyme achieved with ERT are 
essentially irrelevant when it comes to long-term outcomes. Highlighting these 
differences has important implications for gene therapy trial design, definition of the 
starting dose of vector, and evaluation of therapeutic efficacy of gene therapy vs. 
ERT. Importantly, we believe these are findings that are relevant to virtually all trials 
in which a secreted protein is expressed, they also highlight that the pharmacology 
data developed in the context of protein therapy may not be fully relevant to gene 
therapy. 
3. the data we presented on the combination of chaperones with gene transfer is also 
new and relevant to Pompe disease and other LSDs (see comment below). We 
strongly believe that presenting these data to the scientific community will support the 
concept (explored in the clinical context, see below) that combination of gene therapy 
with other pharmacological therapies may result in better therapeutic outcomes.  
 
We capture these considerations in the amended version of our manuscript. 
 
Introduction, we acknowledge the fact that there are clinical trials exploring the 
approach presented: 
 
“Gene therapy with adeno-associated virus (AAV) vectors provides the opportunity to 
turn the liver into a biofactory for the expression of therapeutic proteins, a concept 
demonstrated in preclinical studies 1, 2 and currently explored in clinical trials (e.g. 
ClinicalTrials.gov NCT03533673, NCT04093349).” 
We also added the ClinicalTrial.gov ID at the end of the introduction to better 
highlight that the approach discussed is currently being explored in the clinic.  
 
Discussion, several paragraphs point to the novelty of the work. Nevertheless, we 
added a paragraph to better highlight the above considerations:  
 
“Our findings on the pharmacokinetics of AAV expression of GAA are broadly 
applicable to the field of gene therapy, as they provide a framework for the evaluation 
of the efficacy of gene therapy vs. existing protein replacement therapies. 
Specifically, they suggest that the target therapeutic levels extrapolated from 
conventional protein therapies may not directly translate to gene therapy.” 
 
Although therapeutic efficacy of AAV-mediated GAA gene delivery to the liver 
has been demonstrated before by this group and others, what is novel here is 
the comparison with ERT. In order to do this, they have had to construct a 
novel immunodeficient mouse model which avoids the development of 
hypersensitivity to the infused enzyme. It needs to be made clear that this 
model does not really equate to any potential human use of the technology, 
and that the distribution and pharmacokinetics of both the recombinant and 
hepatic expressed enzymes are likely to be affected by the immunodeficiency. 
Nonetheless, the results are interesting and likely to be relevant to human use. 
 
ANSWER: We thank the Reviewer for the feedback on the interest and relevance of 
our work. We also understand the potential concern related to the use of an 
immunodeficient mouse model of Pompe disease. In our manuscript, we 
characterized the novel mouse colony and confirmed both glycogen accumulation in 
several tissues and decrease in muscle strength, key feature of the disease. Like 



others, we previously showed that Pompe mice exhibit neuroinflammation 2, 3, and 
breeding of Pompe mice in a background that exacerbates inflammation leads to 
worsened phenotype 4. While the immunodeficient mouse presented here is unlikely 
to have the same immunological features of immunocompetent Pompe mice, we do 
not have any evidence of an impact on the pharmacokinetics and biodistribution of 
the liver-expressed GAA. Previous studies from us 2 and others 5, 6       demonstrated 
that hepatic expression of GAA results in suppression of anti-GAA antibody 
production, therefore the immunodeficient Pompe mouse is unlikely to display 
different pharmacokinetics and biodistribution of GAA in the context of gene therapy. 
Of note, the immune system is not entirely "shut down" in CD4 KO mice as they 
show normal development of CD8+ T cells and myeloid compartment is unaltered 7. 
In the context of ERT, repeated administration of      rhGAA results in rapid 
development of anti-GAA antibodies in Pompe mice, thus requiring concomitant 
immunosuppression 8. Thus, the immunodeficient mouse, while not perfect, is a 
better representation of the human context, at least when it comes to adult Pompe 
patients in which anti-GAA antibodies are observed in a minority of subjects and do 
not seem to have a major impact on GAA efficacy 9. 
 
We capture these considerations in the revised version of our manuscript, Results 
section, by clarifying the evaluations that were conducted in the immunodeficient 
Pompe colony and potential limitations of the model related to immunodeficiency: 
 
“Analyses of wild-type (Gaa+/+Cd4-/-) and affected (Gaa-/-Cd4-/-) mice at 4 months of 
age confirmed the accumulation of glycogen in several tissues and the decrease in 
muscle strength in the colony (Supplementary Fig. 1B,C). As previously observed in 
PD mice, no significant alterations of respiratory function were detected in 4-month-
old mice (Supplementary Fig. 1D). Due to the immunodeficient background, Gaa-/-

Cd4-/- mice were not expected to present the proinflammatory features previously 
described in the original colony 2, 3.”   
 
 
The primary results concern the comparison between the pharmacokinetics of 
ERT and gene therapy. I think figure 1B, showing plasma enzyme activity, is 
misrepresentative as it has no data from early time points after enzyme 
infusion, when activity after ERT would have been high. This data is present in 
figure 6 and I would suggest that at least the data in fig 6B is included in fig 1. 
 
ANSWER: We agree with the Reviewer that having peak levels of rhGAA in the 
context of ERT could be informative. We have amended Figure 1 according to what 
suggested. Panel 6B is now Panel 1C and it is described in the Results section.  
We would like to clarify one important point about the data. While we agree that it is 
useful to see the blood kinetics of GAA activity after ERT, the data in plasma 
collected at through shown in Figure 1B are also important to understand the 
difference in mechanism of action of ERT vs. gene therapy: one is based on the 
infusion of a bolus of recombinant enzyme which persists transiently, the other is 
based on the steady-state expression of GAA with no peak and through.  
We highlighted this difference in the Results section: 
“Overall, these results show that, in Pompe mice over an 18-week follow-up, hepatic 

expression of secretable GAA provides a superior correction of the skeletal muscle 



phenotype, despite the high peak enzyme activity levels observed with 20 mg/kg 

rhGAA infusions (Fig. 1C).” 

 
 
 
Fig 2A is confusing because the scales on the y axis are very different for each 
panel. I would suggest it needs an extra panel to indicate the enormous 
differences in the level of enzyme seen in different muscles. I would suggest 
comparing highest dose expression across the different tissues. These 
disparities then need to be picked up in the text and discussed. 
 
ANSWER: We agree with the Reviewer that having an additional figure comparing 
GAA activity across tissues would be beneficial. The panel B of the edited Figure 2 
now shows the comparison of the levels measured in the different tissues. We thank 
the Reviewer for the suggestion, as the comparison better shows full alignment of our 
dat with previous reports. We added a comment on the new panle 2B in the Results 
section of the manuscript: 
“The comparison of GAA activity across muscle groups confirmed the more efficient 
enzyme uptake in heart and diaphragm compared to quadriceps and triceps (Fig. 
2B).” 
 
I have some problems with the sections on enzyme delivery to the CNS. Firstly 
CNS disease is not a significant feature in the natural history of Pompe 
disease; it has recently come to light as a late complication in patients with 
IOPD who have been successfully treated with ERT, which is in fact lifesaving 
in this condition. To suggest that delivery to the CNS is a major unmet clinical 
need is inaccurate.  
 
ANSWER: We understand the Reviewer’s concern. We surveyed the literature and 
discussed extensively the issue of CNS involvement in Pompe disease with several 
clinicians and scientists. Several preclinical studies by us and others reported CNS 
glycogen storage accompanied with a neurological phenotype 2, 3, 10, 11, 12, 13, 14, then,      
worsening of CNS inflammation has been shown to enhance the respiratory 
phenotype of Pompe mice 4. In the clinic, CNS alterations have been documented in 
infantile Pompe patients 15, 16, 17, 18, 19, 20 and alterations of brain vasculature 21, 22 and 
CNS have been observed      in adult patients 23. Loss of functional motor neuron 
outputs, documented in LOPD patients, also seems to represent a concern for proper 
diaphragm activation 24.      The outcome of our survey is that CNS alterations are an 
important concern in the clinical management of Pompe disease, thus we focused 
our efforts in evaluating      the effect of gene therapy on this      organ in addition to 
muscle     .  
 
We addressed the Reviewer’s concern we modified the language in the manuscript 
to reflect that CNS features of PD are emerging and perhaps not fully established: 
 
Introduction section, we added few references on the CNS manifestations of Pompe 
disease. 
 
Results section: 



“Glycogen accumulation in the central nervous system (CNS) contributes is emerging 
as a feature contributing to PD pathology in humans.” 
 
Discussion section: 
“Moreover     , additional data coming from long-term follow up of PD patients will 
strengthen the link between glycogen accumulation in lysosomes and CNS 
pathology.” 
 
Secondly, there is no satisfactory explanation of how enzyme is accessing the 
CNS. It is widely accepted that lysosomal enzymes in the blood do not cross 
the blood brain barrier. The data presented here shown that enzyme can enter 
endothelial cells, which has already been well demonstrated in other LSDs, but 
not that it can be exported again into the brain. This data is a misleading 
distraction and should be omitted. Instead, they should consider other 
explanations: either that enough vector genomes enter the CNS to lead to 
significant gene expression (there does not appear to be any data here about 
where vector genomes are found in mice, which would be useful, at least in the 
supplementary material); or that expression is from bone marrow derived cells 
(where they have found significant vector genomes in NHP) repopulate g the 
CNS, which is a well recognised mechanism. 
 
ANSWER: We understand the Reviewer concern. We and others have shown that 
the proteins expressed in the liver and present at high levels in the circulation cross 
the blood-brain barrier 2, 25. This is also well described in the context of monoclonal 
antibodies, which can access the CNS, in small quantities, when delivered as an 
intravenous bolus 26. In the context of Pompe gene therapy with secretable GAA 
expressed in the liver, we previously showed that transgene expression driven by the 
liver-specific promoter hAAT in CNS is not significant 27. Of note, AAV8 vectors do 
not significantly cross the blood-brain barrier and also do not transduce efficiently 
bone marrow cells. Our postulated hypothesis is that GAA is taken up by endothelial 
cells and transferred across in a transcytosis process. This has been described in the 
context of engineered AAV vectors targeting the brain endothelium 28 and recent 
work in the context of modified lysosomal proteins showed that transcytosis can be 
exploited to improve brain targeting of drugs 29. Nevertheless, we removed the 
endothelial cell uptake experiment to address the Reviewer’s concern on the 
preliminary nature of the findings.  
 
To clarify that different mechanisms could be involved in GAA transport across the 
blood-brain barrier, we added the following sentence to the Discussion section: 
“Leakage across the BBB 25, transport via exosomes 30, or lysosomal exocytosis at 
neuromuscular junctions 31, could contribute to the transport of GAA from the 
systemic circulation to the CNS.” 
 
 
I am not sure what the added value of the chaperone work is. If the liver 
directed gene therapy approach works so well, then why would we need a 
further, expensive, pharmacological intervention. They have no evidence that 
this would provide added clinical benefits. Without that I don't think it adds 
anything to the manuscript. 
 



ANSWER: We understand the Reviewer’s concern. As Reviewer 2 stated, we 
believe that the chaperone work presented here is of interest for the readership for a 
number of reasons. The use of chaperones is being explored for a number of 
diseases, including Pompe, as a way to increase the efficacy of ERT 32, 33 or as a 
monotherapy 34. This means that, potentially, the combination of gene therapy with 
chaperones will be a possible scenario. Of note, additive therapies have been used 
in combination with gene therapy in the context of spinal muscular atrophy 35, in 
which children treated with an AAV9 expressing the SMN transgene at 
subtherapeutic levels received also the ASO Spinraza. While the ASO treatment is 
not a chaperone, it provides an example of combination therapy. Our data show that 
chaperone administration does result in enhanced efficacy, thus provides a potential 
avenue to 1) reduce the therapeutic dose of vector by developing a combination 
therapy 2) provide an add on solution in case of subtherapeutic levels of expression 
of partial loss of expression of the transgene over time.  

 
We clarified these points in the Discussion section of our manuscript: 
 
“While the need to supplement gene therapy with PCs will have to be evaluated in 
the clinic, the combination of gene therapy with pharmacological approaches to 
enhance efficacy is an important concept that has previously been explored, for 
example, in mice in the context of autoimmunity and in clinical trials of gene therapy 
for spinal muscular atrophy 35. In PD gene therapy, the use of PCs can provide a 
potential avenue to reduce the therapeutic dose of vector or to boost enzyme activity 
in tissues in case of subtherapeutic levels of expression of the GAA transgene.” 
 
 
In the Discussion, the comparison with haemophilia (line 432) is not really 
appropriate as factor VIII is a protein which is normally secreted from the liver 
and acts in plasma rather than having to be taken up to cells: delivering the 
factor VIII gene to the liver in haemophilia is actually correcting the affected 
tissue, which is not what is being proposed here at all.  
 
ANSWER: The Reviewer is correct, factor IX is naturally produced by hepatocytes 
while factor VIII is made in endothelial cells. Both proteins act directly in blood. We 
believe the hemophilia example is relevant as it shows that the expected therapeutic 
range extrapolated in the context of protein replacement therapy (12% and above, 36) 
does not apply to gene therapy, in which even levels of ~5% of normal show clear 
therapeutic benefit (e.g. 37). The Reviewer also highlight an important feature of our 
work, which is in fact that the enhanced therapeutic benefit is manifested not only in 
blood but also in a context in which enzyme uptake from a distal tissue is required. 
 
We amended the section of the Discussion describing the hemophilia findings as an 
example of the potential of gene therapy, to clarify these points and specifically 
explain why we believe citing the experience from hemophilia trials is relevant in the 
context of the current work. 
 
“An example of the favorable pharmacokinetics offered by gene therapy comes as 
they support findings across several from liver gene therapy trials for hemophilia, 
showing an almost complete correction of the bleeding diathesis in patients over a 



broad range of clotting factor levels, even lower than those predicted based on 
protein replacement therapy 36. Importantly, t While the context of hemophilia differs 
from that of Pompe disease, as clotting factors act directly in blood and not in 
peripheral tissues, human trial data show that      steady state levels of transgene 
expression      positively affect clinical outcomes.  Thus, the      superior 
pharmacokinetics of liver-expressed protein therapeutics, demonstrated here, can 
potentially offer opportunities to develop more efficacious therapeutic interventions 
across a broad range of indications.” 
 
 
The sentence about CNS glycogen storage having an important role in 
respiratory failure in Pompe (starting on line 450) is not evidence based and 
should be omitted. This is part of the authors unjustified attempt to portray 
CNS delivery of enzyme as an unmet need. Their data on muscle delivery is 
good enough, and they really don't need to make doubtful claims about CNS 
delivery. 
 
ANSWER: We believe this concern was already addressed as response to a 
previous comment.  
 
 
 
 
Reviewer #2 (Remarks to the Author): 
 
 
The manuscript NCOMMS-21-06438, entitled "Hepatic expression of GAA 
results in enhanced enzyme bioavailability in mice and non-human primates" 
by Mingozzi and colleagues, reports on hepatic gene transfer with adeno-
associated virus vectors expressing secretable GAA. 
It is a very thorough study that is well described and elegantly conducted with 
state-of-the-art methods. 
The investigation with a Pompe disease mouse model reveals great therapeutic 
potential for hepatic gene transfer with AAV expressing secretable GAA. This 
finding should raise interest in the field of lysosomal storage diseases. The 
strength of the work is the careful comparison of the corrections brought 
about by the AAV intervention with those reached with enzyme replacement 
therapy (the present therapy for Pompe disease). Of interest is also the 
reported examination of the potential additive value of administration of small 
compound chaperones to AAV treated Pompe mice. 
 
ANSWER: We would like to thank the Reviewer for appreciating the relevance of our 
work, particularly the importance of providing careful side-by-side comparison of the 
potential therapeutic efficacy of gene transfer (with or without chaperone) vs. 
conventional protein therapy.   
 
 
Specific comment to authors.  
The study is well conducted with attention to detail.  
One wonders whether it is not worthwhile to also consider an analysis of 



unrelated lysosomal enzyme levels in tissues of treated and untreated PD 
mice. Often in LSDs, other lysosomal enzymes are secondary elevated in 
response to lysosomal storage. A successful clearance of excessive glycogen 
by the AAV intervention would likely be accompanied by corrections in other 
lysosomal enzymes as well. Demonstration of such corrections would further 
demonstrate efficacy of the AAV intervention.  
 
ANSWER: The Reviewer raises an important question. The alteration of multiple 
lysosomal enzymes has been previously demonstrated, for example in a mouse 
model of mucopolysaccharidosis type IIIC 38. It is indeed possible that accumulation 
of GAA and consequent lysosomal dysfunction would affect other enzymes. While 
this is an interesting question, we currently do not have capabilities to analyze other 
enzymes at the protein level, which we intend to do in future studies. However, based 
on the Reviewer’s comment, we went back and analyzed muscle tissue 
transcriptomics data from a published study 3 in which we treated 9-month-old 
Pompe mice with the same AAV vector used in the study. As shown in the figure 
below, we were able to observe changes in mRNA levels for several lysosomal 
enzymes in Pompe mice vs. wild type animals (PBS Gaa+/+ vs. PBS Gaa-/- in the 
figure below) as described By Marco and colleagues 38. This was likely exacerbated 
by the old age of the mice in the study. In this setting, hepatic gene transfer with and 
AAV8 vector expressing secretable GAA (secGAA Gaa-/-), identical to the one used 
in the current study, resulted in a variable extent rescue of the alterations, consistent 
with the beneficial effect of secGAA supplementation and, again, with the advanced 
disease state of these animals, which may have affected the ability to completely 
reverse the disease phenotype. Of note, in the current study we showed 
normalization of lysosomal function markers in AAV vector-treated mice, which may 
have a positive effect on the levels of lysosomal enzymes.  
 
We added a sentence to the Discussion section of the manuscript to reflect these 
considerations: 
 
“Similarly, the effect of secretable GAA on lysosomal function normalization, and 
potentially on other lysosomal enzymes 38, remain to be assessed.” 
 
Because the transcriptomic data comes from a different study, our preference would 
be not to include the figure below in the current manuscript. 
 

   
Figure legend. Heatmap representing relative expression values for lysosomal 
enzymes in GAA+/+, GAA-/- and secGAA-GAA-/- samples from a previously 
published study, in which the Pompe phenotype of 9 month-old GAA-/- mice was 



rescued by AAV-secGAA treatment. The list of lysosomal enzymes was taken from 
Marcó et al (2016). Normalized expression values for GAA+/+, GAA-/- and secGAA-
GAA-/- samples were recovered from GEO entry GSE150935 3, averaged by 
condition and standardized for each gene. IDS, iduronate-2-sulfatase; HEXA, β-
hexosaminidase A; GUSB, β-glucuronidase; GALNS, N-acetylgalactosamine-6-
sulfatase. 
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