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6th Dec 20191st Editorial Decision

Dear Estela, 

Thank you for submit t ing your manuscript  to The EMBO Journal. Your study has now been seen by
three referees and their comments are provided below. 

While the referees appreciate the importance of the topic and see that the findings add new
insight, they also find that the analysis is not taken far enough in order to consider publicat ion here.
As you can see from the comments below, the referees find that further data is needed in order to
support  that  key conclusions reported and that the analysis needs to be extended. Further work in
neuronal cells and a more relevant AD model system is also needed. Given the raised concerns and
as it  is unclear if they can be resolved, I am afraid that I see no other choice but to reject  the
manuscript  at  this stage. 

Should further work allow you to extend the findings along the lines as indicated by the referees
then I am open to consider a new submission on this topic. I should point  out that  for re-
submissions that we consider novelty at  t ime of submission and might involve new referee(s) if
needed. If you are interested in a resubmission please contact  me beforehand to discuss the extent
of the revisions. 

For the present submission, I am afraid that I can't  be more posit ive on this occasion. 

Best Karin 

Karin Dumstrei, PhD 
Senior Editor 
The EMBO Journal 

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

Referee #1: 

In this manuscript , authors report  that  C99, a fragment of APP, plays an important role in cholesterol
uptake, and that cholesterol binding domain (CBD) of C99 is crucial for cholesterol delivery to the
MAM (mitochondria-associated membranes). These findings might indicate that C99 at  MAM
regulates lipid homeostasis in Alzheimer's disease. One crucial experiment is the mutat ion of the
C99 CBD that substant iates a role for this port ion of the protein in perimitochondrial localizat ion.
Authors are advised to name this construct  different ly: by calling it  CBD, authors confuse the reader
unnecessarily. 
Overall, the study is very interest ing and offers further proof for a role of MAMs and lipid t rafficking
in AD. Conclusions must be strenghtened as suggested below. 

Major points 
1. Authors didn't  number figures in the order of appearance in the texts: figure 5 comes prior to
figure 4 in the text . Furthermore, the authors performed the same experiment and showed the
results in Figure 3A and 5A separately. Authors should follow the guidelines of the journal. 



2. On page 6, Authors state "As before (20), incubat ion with the SMase(s) inhibitors reduced
cholesterol esterificat ion by ACAT1 and the accumulat ion of LDs in PS-DKO cells (Fig. 2A-B), in
DAPT-treated SH-SY5Y cells and AD pat ient  fibroblasts (Fig. S2)." Indeed, Fig. 2A & B show that
SMase inhibitor t reatment leads to increase of neutral lipids in PS-DKO cells; however, it  is not clear
if the reduct ion of cholesterol esterificat ion by ACAT1 is involved in the neural lipids accumulat ion.
This must be addressed 
3. Same page "Our data also indicate that this mobilizat ion of cholesterol to ER-MAM has the
further effect  of reducing de novo cholesterol biosynthesis via inact ivat ion of SREBP2". However,
authors did not examine whether the mobilizat ion of cholesterol has an effect  on cholesterol
biosynthesis, nor whether SREBP2 inact ivat ion is really involved in reduct ion of cholesterol
biosynthesis caused by C99. 
4. Page 7, authors describe that C99 binding to cholesterol affects "the proper format ion of MAM
itself", based on the result  shown in Figure 3F. However, the authors show only the change of
localizat ion of flot illin. This doesn't  always mean MAM deformat ion. Other direct  assays (e.g.
proximity between ER and mitochondria, MAM composit ion etc) must be shown 
5. Same page: "Taken together, our results support  the idea that the cholesterol binding domain of
C99 is necessary to induce cholesterol internalizat ion for the format ion of MAM in the ER (34)."
Reference 34 reported that deplet ion of cholesterol in MAM induces reduct ion in the associat ion
between MAM and mitochondria. This seems opposite to what the authors conclude. The authors
should cite the reference appropriately and discuss the discrepancy. 
6. In Figure 1G, authors show that PS-DKO cells or DAPT-treated cells have more filipin puncta.
Localizat ion of these puncta is not thoroughly examined; authors should elucidate whether these
puncta are at  endolysosome, MAM, ER or another compartment. 
7. Supplemental Figure 3A: in C99CBD-GFP-expressing cells, Sec61� puncta that colocalize with
the C99CBD-GFP signal are retrieved. This might be the result  of protein aggregat ion because of
high expression levels. If this is not the case, authors should invest igate whether the morphology of
ER changes overall, or if the Sec61� localizat ion is affected, by checking localizat ion of other ER
markers. 
8. in Figure 1I and Figure 4 Authors performed MAM/ER fract ionat ion before cholesterol uptake and
pull-down assays. Blots for markers of each fract ion should be shown. 
9. Supplemental figure 2A-B: Authors show images and quant ificat ions of LipidTox staining in SH-
SY5Y cells. From the quant ificat ion, LipidTox staining in DAPT treated condit ion shall be 10X than
in other condit ions, but the images don't  show such a difference. This is a t roublesome experiment
that must be repeated and corrected 
10. In supplemental figure 5A, GFP localizat ion is shown as control, but  it  seems to localize to some
specific organelle like the ER rather than being diffuse in cytosol. The authors should confirm that
the "GFP" is not fused with other protein. 

Minor points 
1. Authors placed a part  of the discussion in the Legend of Figure 2E. This should be moved to
discussion. 
2. The Materials and Methods sect ion contains mistakes that probably derive from some hasty
assembly of the manuscript . Authors are advised to carefully re-read the manuscript  before
submit t ing it . For example, in the sect ion "Cells", authors cited the reference as PubMed ID, and did
not insert  it  in the reference list . "Reference 65" is not in the list , there are only 48 references. The
authors cite reference 23 for detailed protocols, but this is a review art icle. 
3. Please move the detailed stat ist ic informat ion from Figure Legends to supplemental informat ion. 



Referee #2: 

In this manuscript , Pera and colleagues present a series of evidences that suggest the role of the
APP-C99 fragment in the dynamics of cellular cholesterol in fibroblasts, and that condit ions
accompanied by an increase in this pept ide would lead to defects in this pathway and as a
consequence to defects in the cell membrane. While the experiments are sound, the conclusions
that something similar may occur in the context  of Alzheimer's disease, in which associat ions with
genes related to the metabolism / t ransport  of this lipid have been seen, are not supported by the
current data. 
Crit ique: 

1) The lack of data in neurons is worrying (authors should not argue that Sy5Y cells are neurons),
which leads me to quest ion the biological relevance of the results in the context  of a CNS disease
as it  is AD. As the authors certainly know, the plasma membrane of neurons is very different from
non-neuronal cells, not  only in terms of axonal and dendrit ic domains but also in the subdomains in
each of these domains: i.e. synapt ic and non-synapt ic, all of which have different lipidic composit ion
and, quite relevant for the argument of this work, present different associat ion with underlying
membrane organelles, especially the ER. In addit ion to the differences in membrane lipid/protein
composit ion and organisat ion, neurons and fibroblasts differ in their cholesterol synthesis and
catabolism act ivit ies, especially relevant in the context  of age (another relevant variable for AD). 
Therefore, authors must perform, if not  all some of the most crit ical experiments on AD suitable
experimental models (i.e. analysis of intracellular cholesterol content in neurons from PS mutant
mice, or direct ly mutagenised neurons; uptake (and efflux, see below) of labelled cholesterol in
neurons from PS mutant mice). The field of AD has progressed so much in recent years that it  is
necessary to present experiments where biochemical/cell biological mechanist ic data in fibroblasts
are validated in cells and models closer to the disease. 
2) In the introduct ion, it  is stated that: "These higher levels of Aβ in AD are the consequence of
corresponding increases in the cleavage of endocytosed full-length APP by β-secretase to produce
the immediate precursor of Aβ, the 99-aa C-terminal domain of APP (C99), and its subsequent
processing by g-secretase" 
Authors need to revise this sentence, as the cause of brain Aβ accumulat ion in AD pat ients is st ill
not  clear. It  could be a combinat ion of lower clearance or higher product ion. In familial cases, it
seems to be due to the alterat ion of the carboxypept idase act ivity of the gamma-secretase
complex due to mutat ions in presenilin, that  t riggers the increased product ion of longer and more
toxic Abeta species (therefore, not affect ing APP-C99 levels) (Chavez-Gut ierrez et  al., EMBO J,
2012). 
3) In the introduct ion, it  is stated that: "Further linking AD and cholesterol, APP-CTFs processing
occurs in lipid rafts (14)" 
Authors need to correct  this sentence, as processing can occur in other detergent-resistant
microdomains (DRM), such as tetraspanin-enriched microdomains (Wakabayashi et  al, Nat. Cell.
Biol., 2009). A simple solut ion would be to replace the term "lipid raft" by DRMs. 
4) In Figure 1E-F, it  is shown that PS-DKO cells contain higher levels of fluorescent ly-labeled
cholesterol, which is at t ributed to increased uptake. 
An alternat ive to increased uptake is reduced removal from endosomes/MVBs. In light  of the
argument that C99 increases uptake, authors need to demonstrate that cholesterol efflux from
endosomes/MVBs remains unaffected. 
5) In this sense, in Figures 2C-F it  is shown that cholesterol uptake is not reversed by SMase
inhibit ion in either DAPT-treated WT cells (Fig. 2C-D), or in PS-DKO cells (Fig. 2E-F). 



Ceramide triggers budding of exosome vesicles into mult ivesicular endosomes, which are enriched
in cholesterol. Thus, inhibit ion of SMase could t rigger the accumulat ion of cholesterol. 
6) The order of appearance of some figures in the text  is altered. The references to the figures in
the text  jump from Figure 2 to Figure 5: example: "While C99WT showed a perinuclear pattern of
colocalizat ion with ER and mitochondria, C99CBD presented a less marked perinuclear localizat ion
and a decreased associat ion with mitochondria (Figs. 5A, 5B, and S5A)." 
7) The co-localizat ion between C99 wt and mitocondrial and ER markers is not obvious in Figures
3A and Figure 5A. Maybe it  would help to show a zoom in Figure 5A. 

Referee #3: 

The manuscript  by Pera et  al. invest igates how a fragment of APP control cholesterol homeostasis
between the ER and the plasma membrane. The manuscript  is situated in the control of lipid raft
format ion, a mechanism that depends on the enrichment of cholesterol under the control of
sphingomyelin. The act ivit ies and amounts of cholesterol are t ight ly regulated at  the level of the ER
via interact ions with the plasma membrane and mitochondria at  the MAMs. 
In the manuscript , Pera et  al. provide new data on the processing of APP, whose C99 fragment is
generated on interacellular lipid rafts. The authors had previously shown that this processing
localizes to MAMs, ER-associated lipid rafts in the proximity of mitochondria. 
In this new manuscript , they now provide evidence that C99 is required for the lipid/cholesterol-
detoxifying act ivit ies of MAMs as one of the funct ions of this ER domain. 
The manuscript  current ly falls short  of looking beyond these funct ions. However, given the known,
well-characterized funct ion of MAMs in mult iple signaling events, the invest igat ion of MAM
funct ions should not be limited to lipid homeostasis. Instead, some aspect of other MAM funct ions
should be added to gain a better understanding of what is going on. 
Another area of deficiencies is a current lack of link with tethering mechanisms. 
At the moment, there are also some inconsistencies in data presentat ion, i.e., some assays are
done for some condit ions, but not others. 
Nevertheless, this is an important topic that warrants high profile exposure. 

Major Points 
1. Some MAM signaling funct ions beyond lipid homeostasis should be invest igated to some extent.
For instance, calcium transfer from the ER to mitochondria should be shown. This is crit ical, since
we do not know very well how these diverse funct ions interact  with each other. 
2. Are tethers affected by C99 and its product ion? One way to address this could be via analysis of
tether complex co-immunoprecipitat ion or via target ing of tethers to MAMs. 

Specific Points: 

1. In figure 1, there is inconsistency of data presentat ion between 1A and 1B. The % molarity is very
different between the two. It  is also unclear that  1B is total homogenate. Why was this not
analyzed for the fract ions like 1A? 
2. A loading control is missing in Figure S1C. 
3. What is the cholesterol uptake in APP DKO and transfectants of C99? Figure 1 just  shows PS
DKO. We need to understand the relat ive defects of the cellular models used. This is inconsistent
presentat ion. 
4. A descript ion of the filipin staining pattern via co-localizat ion with cellular markers in the PS-DKO
is necessary. 



5. Supplemental figure 3 should contain zoomed-in areas, similar to Figure 3. 
6. The gradient fract ionat ion should contain pan-ER and mitochondrial markers, to allow for judging
where the analyzed proteins have fract ioned to. 
7. It  is current ly impossible to understand where the APP DKO MAM format ion stands relat ive to
wild type MEFs. This control should be added to Figure 5B. Also, would the chemical removal of
cholesterol show a similar effect  in wild type cells (that  would not be observed in DKO)? 

Minor concerns: 
1. The first  paragraph of the Results sect ion is difficult  to read. 
2. What does the abbreviat ion CTFs stand for? 

** As a service to authors, EMBO Press provides authors with the possibility to t ransfer a
manuscript  that  one journal cannot offer to publish to another EMBO publicat ion or the open
access journal Life Science Alliance launched in partnership between EMBO Press, Rockefeller
University Press and Cold Spring Harbor Laboratory Press. The full manuscript  and if applicable,
reviewers' reports, are automat ically sent to the receiving journal to allow for fast  handling and a
prompt decision on your manuscript . For more details of this service, and to t ransfer your
manuscript  please click on Link Not Available. ** 

Please do not share this URL as it  will give anyone who clicks it  access to your account. 



Manuscript EMBOJ-2019-103791 

Response to reviewers' comments 

We would like to thank the reviewers for their comments and suggestions, most of which have 
helped make the manuscript stronger. In addition, we apologize for the mistakes in the order of 
the figures in the previous version. All substantive changes have been highlighted in blue. 

Referee#1: 

In this manuscript, authors report that C99, a fragment of APP, plays an important role in 
cholesterol uptake, and that cholesterol binding domain (CBD) of C99 is crucial for cholesterol 
delivery to the MAM (mitochondria-associated membranes). These findings might indicate that 
C99 at MAM regulates lipid homeostasis in Alzheimer's disease. One crucial experiment is the 
mutation of the C99 CBD that substantiates a role for this portion of the protein in 
perimitochondrial localization. Authors are advised to name this construct differently: by calling it 
CBD, authors confuse the reader unnecessarily. Overall, the study is very interesting and offers 
further proof for a role of MAMs and lipid trafficking in AD. Conclusions must be strengthened as 
suggested below.  

Following the referee’s recommendation, the mutant version of C99 (formerly termed C99CBD) has 
been changed to C99MUT in the text and figures.  

Major points 

1. Authors didn't number figures in the order of appearance in the texts: figure 5 comes prior to
figure 4 in the text. Furthermore, the authors performed the same experiment and showed the
results in Figure 3A and 5A separately. Authors should follow the guidelines of the journal.

We apologize for this mistake. We have renumbered the figures according to the order of 
appearance.  

2. On page 6, Authors state "As before (20), incubation with the SMase(s) inhibitors reduced
cholesterol esterification by ACAT1 and the accumulation of LDs in PS-DKO cells (Fig. 2A-B), in
DAPT-treated SH-SY5Y cells and AD patient fibroblasts (Fig. S2)." Indeed, Fig. 2A & B show that
SMase inhibitor treatment leads to increase of neutral lipids in PS-DKO cells; however, it is not
clear if the reduction of cholesterol esterification by ACAT1 is involved in the neural lipids
accumulation. This must be addressed

Fig. 2A shows that treatment with SMase inhibitor(s) Desipramine or GW4869 in PS-DKO cells 
leads to a reduction in cholesterol esterification and lipid droplet formation. We replicated these 
results in DAPT-treated SH-SY5Y cells (Fig. S2A) and in cells from FAD patients (Fig. S2B). 
As a control for ACAT1 contribution to this phenotype, we incubated these same DAPT-treated 
SH-SY5Y cells with 20 µM of Sandoz, a specific inhibitor of ACAT1, for 12h. (Fig. S2A) 

12th May 20201st Authors' Response to Reviewers



Our results are also confirmed by the significant reductions in the incorporation of 3H-cholesterol 
into 3H-cholesteryl esters upon treatment with SMase inhibitors (Desipramine and GW4869) in 
PS-DKO cells (shown below and in Fig. 2, Supp. Fig. 2).  

 
 
 
 
 
 
 
 
 
 
 

These data together strongly support that, as published before (Das et al, 2014; Endapally et al, 
2019; Slotte & Bierman, 1987, 1988), SMase activation and cholesterol esterification by ACAT1 
are well-known, concomitantly activated pathways to detoxify membranes from an excess of 
cholesterol, leading to neutral lipid and lipid droplet increases in cell models of AD.   
 
Moreover, as shown in figures 2B, 2C and 2D (middle panel), inhibition of SMases does not 
reduce cholesterol uptake and internalization in these cell models, as shown by staining of 
endogenous cholesterol by filipin (Figs. 2B and 2C, and middle panel in 2D), and the uptake of 
fluorescent cholesterol analogs (NBD-cholesterol, Fig 2D-upper panel). 
 
Altogether, these data indicate that cholesterol esterification and SMase activation are 
consequences, rather than the cause, of the upregulation in cholesterol uptake. As an additional 
control, we tested whether SMase could affect ACAT1 regulation. As shown below, ACAT1 
inhibition was not able to rescue the upregulation in SMase activity in PS-DKO cells.  
 

. 
 
3. Same page "Our data also indicate that this mobilization of cholesterol to ER-MAM has the 
further effect of reducing de novo cholesterol biosynthesis via inactivation of SREBP2". However, 
authors did not examine whether the mobilization of cholesterol has an effect on cholesterol 
biosynthesis, nor whether SREBP2 inactivation is really involved in reduction of cholesterol 
biosynthesis caused by C99.  
 
We have changed the text (page 5) to: “HMGCR activity was reduced significantly in PS-DKO 
MEFs, in WT cells treated with g-secretase inhibitors (DAPT) (Fig. 1C), and in AD fibroblasts (Fig. 
S1B), in agreement with previous observations (Pierrot et al, 2013). Consistent with this, the 
levels of both uncleaved and mature SREBP2 protein were significantly reduced in the PS-DKO 
cells and in WT cells treated with DAPT, compared to WT (Fig. S1C).”  
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PS-DKO cells were incubated with 10 µM desipramine or 
5 µM GW4869, respectively (10 µM DMSO was used as 
vehicle, VEH) for 16h. Then, 2.5 µCi/mL of 3H-cholesterol 
was added to the media and its incorporation into 
cholesteryl esters after 4h incubation was analyzed by 
TLC and scintillation counting.**, p<0.01 
 

PS-DKO cells were incubated with 20 µM Sandoz (20 
µM DMSO was used as vehicle, VEH) for 16h. Then, 
SMase activity was assayed by conversion of 3H-
sphingomyelin into 3H-phosphocholine in a neutral 
buffer 



 
4. Page 7, authors describe that C99 binding to cholesterol affects "the proper formation of MAM 
itself", based on the result shown in Figure 3F. However, the authors show only the change of 
localization of flotillin. This doesn't always mean MAM deformation. Other direct assays (e.g. 
proximity between ER and mitochondria, MAM composition etc) must be shown. 
 
Our data shows that expression of C99MUT, in comparison to C99WT, results in: 

• Reduced localization of C99 to MAM (Figs. 3, 4A, Figs, 5B, 5C and 5D). 
• Reduced cholesterol levels at MAM (Figs. 5B, 5D and 5E). 
• Reduced uptake of cholesterol (Fig. 5F) and cholesterol efflux (Fig. S3E). 
• Reduced ER-mitochondria apposition (Figs 4C and 4D). 
• Reduced MAM activity as measured by phospholipid transfer (Fig. 4E), ACAT activity (Fig. 

5G,5H and S3G), and SMase activity (Supp. Fig. 3F).  
 
All these results strongly confirm that cholesterol binding of C99 is crucial for promoting the 
physical association of MAM with mitochondria and functional MAM activation, while mutant C99 
failed to induce this upregulation. Altogether, our data suggest that, as a lipid raft, decreases in 
cholesterol delivery and/or defects in cholesterol “clustering” in the ER result in reduced formation 
of MAM domains.  
 
5. Same page: "Taken together, our results support the idea that the cholesterol binding domain 
of C99 is necessary to induce cholesterol internalization for the formation of MAM in the ER (34)." 
Reference 34 reported that depletion of cholesterol in MAM induces reduction in the association 
between MAM and mitochondria. This seems opposite to what the authors conclude. The authors 
should cite the reference appropriately and discuss the discrepancy.  
 
We thank the reviewer for this point. We reference Fujimoto et al to clarify that we are not the first 
group showing that ER-mitochondria connections are modulated by cholesterol. In their 
manuscript, Fujimoto and colleagues concluded that isolated MAM/mitochondria fractions and 
cells incubated with methyl-b-cyclodextrin show increases in ER-mitochondria connections. As 
stated by the reviewer, our conclusions are contradictory. We believe that this discrepancy is due 
to the different experimental conditions and aims, as well as the distinct effect of methyl-b-
cyclodextrin on the plasma membrane versus intracellular membranes.  
 
First, depletion of cholesterol from isolated cellular fractions as shown in Fujimoto et al, while 
informative, does not account for the activation of cellular counterbalancing mechanisms to 
replenish the depleted cholesterol. On the other hand, the authors show a similar effect, namely 
increases in ER-mitochondria contacts, in cultured cells incubated with methyl-b-cyclodextrin. 
This is an expected effect because methyl-b-cyclodextrin first depletes cholesterol from the 
plasma membrane (PM), which in turn increases the expression of cholesterol-related genes 
(SREBP2, HMG-CoA reductase, etc.) to buffer the effects of methyl-b-cyclodextrin. Therefore, 
while the data is certainly intriguing, we believe that the use of this cholesterol-depleting 
compound can confound some of the conclusions drawn by Fujimoto et al.  
 
In summary, both manuscripts agree on the relevance of cholesterol in the modulation of ER-
mitochondria contacts and the formation of MAM domains. However, given that MAM is a lipid-
raft-like domain (defined as detergent-resistant domains, enriched in cholesterol and 
sphingomyelin), we are in disagreement that decreases in cholesterol concentration would 
enhance the formation of these functional ER regions. To avoid confusion, we have eliminated 
this reference from the text.  



 
6. In Figure 1G, authors show that PS-DKO cells or DAPT-treated cells have more filipin puncta. 
Localization of these puncta is not thoroughly examined; authors should elucidate whether these 
puncta are at endolysosome, MAM, ER or another compartment.  
 
Following the referee’s suggestion, we have analyzed whether the filipin puncta in PS-DKO cells 
or DAPT-treated WT cells colocalize with markers of different organelles in Supp. Fig. S1K. Our 
data shows that filipin puncta colocalize mainly with endosomal (Rab7) and lysosomal markers 
(LAMP1). As expected, some diffuse filipin staining can also be found in the ER (Sec61ß) or Golgi 
(GM130).  
 
7. Supplemental Figure 3A: in C99CBD-GFP-expressing cells, Sec61b puncta that colocalize with 
the C99MUT-GFP signal are retrieved. This might be the result of protein aggregation because of 
high expression levels. If this is not the case, authors should investigate whether the morphology 
of ER changes overall, or if the Sec61b localization is affected, by checking localization of other 
ER markers.  
 
We thank the reviewer for this suggestion. We have performed new experiments to confirm that 
C99MUT-GFP does not cause an aberrant morphology of the ER by confocal analysis. We labeled 
both C99WT-GFP and C99MUT-GFP expressing cells (green) with ER markers (CALR, ERp72 and 
Sec61b). As shown below, we have not detected any significant change in ER morphology after 
expression of WT or mutant forms of C99.  
 

 

 
8. in Figure 1I and Figure 4 Authors performed MAM/ER fractionation before cholesterol uptake 
and pull-down assays. Blots for markers of each fraction should be shown.  
 
We have now included blots probing for specific markers of each subcellular fraction under study 
in Supp. Fig. S1F (Fractions assayed in Fig. 1D-F) and Supp. Fig S3D (Fractions assays in Figs. 
5B and 5D). Erlin-2 was used as MAM marker and ERp72 as ER marker.  
 
9. Supplemental figure 2A-B: Authors show images and quantifications of LipidTox staining in SH-
SY5Y cells. From the quantification, LipidTox staining in DAPT treated condition shall be 10X than 

APP-DKO cells expressing either C99WT-GFP or C99MUT-GFP (shown in green), incubated with DAPT 
to prevent C99 cleavage, were immunostained for the ER markers CALR or ERP72 (in red, left and 
middle columns), or co-transfected with the ER marker Sec61b-BFP (shown in red, right columns) 
 



in other conditions, but the images don't show such a difference. This is a troublesome experiment 
that must be repeated and corrected. 
 
We thank the reviewer for this suggestion. We have obtained new confocal images that more 
accurately reflect the results of the lipid droplet quantification. 
 
10. In supplemental figure 5A, GFP localization is shown as control, but it seems to localize to 
some specific organelle like the ER rather than being diffuse in cytosol. The authors should 
confirm that the "GFP" is not fused with other protein.  
 
We have re-confirmed that sequence of our GFP-expressing plasmids and empty vectors is the 
correct one. We have taken additional confocal images showing the expected diffuse GFP 
distribution (below) in contrast to Sec61b-BFP signal shown (in red).  
 
 
   GFP 

 
 
 
 

 
 
 

 GFP          Sec61b-BFP 
 
 
 
 
 
 
 

 
 
 
Minor points 
  
1. Authors placed a part of the discussion in the Legend of Figure 2E. This should be moved to 
discussion.  
 
The legend of Figure 2E has been edited and moved to the main text. 
 
2. The Materials and Methods section contains mistakes that probably derive from some hasty 
assembly of the manuscript. Authors are advised to carefully re-read the manuscript before 
submitting it. For example, in the section "Cells", authors cited the reference as PubMed ID, and 
did not insert it in the reference list. "Reference 65" is not in the list, there are only 48 references. 
The authors cite reference 23 for detailed protocols, but this is a review article.  
 
We apologize for these oversights. We have revised our manuscript and references accordingly.  
 
3. Please move the detailed statistic information from Figure Legends to supplemental 
information.  

APP-DKO cells were transfected 
with a vector expressing GFP, used 
as a control in our experiments to 
analyze C99 cellular distribution by 
confocal imaging, under the same 
conditions as explained for that 
figure. Co-transfection with 
Sec61b-BFP (shown in red in the 
right panel) was also assayed. 



 
Statistical information has been moved to a separate section. 
 
Referee #2: 
 
In this manuscript, Pera and colleagues present a series of evidences that suggest the role of the 
APP-C99 fragment in the dynamics of cellular cholesterol in fibroblasts, and that conditions 
accompanied by an increase in this peptide would lead to defects in this pathway and as a 
consequence to defects in the cell membrane. While the experiments are sound, the conclusions 
that something similar may occur in the context of Alzheimer's disease, in which associations with 
genes related to the metabolism / transport of this lipid have been seen, are not supported by the 
current data. 
  
Critique:  
 
1) The lack of data in neurons is worrying (authors should not argue that Sy5Y cells are neurons), 
which leads me to question the biological relevance of the results in the context of a CNS disease 
as it is AD. As the authors certainly know, the plasma membrane of neurons is very different from 
non-neuronal cells, not only in terms of axonal and dendritic domains but also in the subdomains 
in each of these domains: i.e. synaptic and non-synaptic, all of which have different lipidic 
composition and, quite relevant for the argument of this work, present different association with 
underlying membrane organelles, especially the ER. In addition to the differences in membrane 
lipid/protein composition and organisation, neurons and fibroblasts differ in their cholesterol 
synthesis and catabolism activities, especially relevant in the context of age (another relevant 
variable for AD). Therefore, authors must perform, if not all some of the most critical experiments 
on AD suitable experimental models (i.e. analysis of intracellular cholesterol content in neurons 
from PS mutant mice, or directly mutagenised neurons; uptake (and efflux, see below) of labelled 
cholesterol in neurons from PS mutant mice). The field of AD has progressed so much in recent 
years that it is necessary to present experiments where biochemical/cell biological mechanistic 
data in fibroblasts are validated in cells and models closer to the disease.  
 
We have performed new assays on cultured cortical neurons explanted from WT mice or 
PS1M146V-KI, a recognized mouse model of AD (Guo et al, 1999). Our data shows that, as in cell 
models of AD, DAPT-treated WT neurons replicate the upregulation in cholesterol uptake, 
internalization and subsequent esterification, as measured by incubation with radiolabeled (Fig. 
1I) or fluorescent cholesterol (NBD-cholesterol uptake; Fig 1H), filipin staining of endogenous 
levels of free cholesterol, and visualization of lipid droplets by Lipidtox staining (Fig. 1H). Cortical 
neurons from PS1M146V-KI mice showed increases in C99 levels (Supp. Fig. S1L and S1M) as 
shown before (Pera et al, 2017), a higher ratio of Ab42/Ab40 (Supp. Fig. S1N), and increased MAM 
activity [Fig. 1I shows ACAT1 activity and Supp. Fig. 1O shows phospholipid synthesis and 
transfer between ER and mitochondria)]. In support of a role for C99 in the induction of this 
phenotypes, the above-mentioned alterations in cholesterol metabolism were abrogated by 
incubation with a BACE inhibitor. Moreover, our data show that these phenotypes are also present 
in induced pluripotent stem cells (iPSCs) in which a pathogenic mutation in APP (London 
mutation, APPV717I) was knocked into both alleles using CRISPR/Cas9 (Supp. Figs. S1Q-S). 
 
2) In the introduction, it is stated that: "These higher levels of Aβ in AD are the consequence of 
corresponding increases in the cleavage of endocytosed full-length APP by β-secretase to 
produce the immediate precursor of Aβ, the 99-aa C-terminal domain of APP (C99), and its 
subsequent processing by g-secretase". Authors need to revise this sentence, as the cause of 
brain Aβ accumulation in AD patients is still not clear. It could be a combination of lower clearance 



or higher production. In familial cases, it seems to be due to the alteration of the carboxypeptidase 
activity of the gamma-secretase complex due to mutations in presenilin, that triggers the 
increased production of longer and more toxic Abeta species (therefore, not affecting APP-C99 
levels) (Chavez-Gutierrez et al., EMBO J, 2012).  
 
This sentence has been modified following the referee’s advice. 
 
3) In the introduction, it is stated that: "Further linking AD and cholesterol, APP-CTFs processing 
occurs in lipid rafts (14)" Authors need to correct this sentence, as processing can occur in other 
detergent-resistant microdomains (DRM), such as tetraspanin-enriched microdomains 
(Wakabayashi et al, Nat. Cell. Biol., 2009). A simple solution would be to replace the term "lipid 
raft" by DRMs.  
 
We thank the reviewer for this suggestion. We have replaced the term lipid raft by DRMs. 
 
4) In Figure 1E-F, it is shown that PS-DKO cells contain higher levels of fluorescently-labeled 
cholesterol, which is attributed to increased uptake. An alternative to increased uptake is reduced 
removal from endosomes/MVBs. In light of the argument that C99 increases uptake, authors need 
to demonstrate that cholesterol efflux from endosomes/MVBs remains unaffected.  
 
We thank the reviewer for raising this interesting point. To address this issue, we performed a 
pulse-chase assay where we incubated the MEF cellular models that accumulate C99 with 3H-
cholesterol. One hour after incubation, cells were washed to remove the excess of exogenous 
radioactive cholesterol and incubated in unlabeled media. After the indicated post-incubation 
times, levels of radioactivity in the media were measured for each of the conditions shown. Our 
data shown below indicates that cholesterol efflux correlates with increased cholesterol uptake, 
suggesting that, rather than a reduced removal, these phenotypes are caused by an increase in 
cholesterol uptake. The new data is included as Fig. S1I and S3E. 
 

 
 
 
 

A) Cholesterol efflux, at 2, 4 and 6h, upon 1h pulse-chase with 3H-cholesterol was assayed in WT or PS-DKO cells 
previously treated for 16h with DAPT or a BACE inhibitor (BI), respectively. DMSO was used as a vehicle. (B) APP-
DKO or WT (APP-WT) were transfected with an empty vector (EV) or the constructs C99WT or C99MUT and, 24h 
after transfection and DAPT incubation to prevent the cleavage of C99, cholesterol efflux was assayed as in (A). 



5) In this sense, in Figures 2C-F it is shown that cholesterol uptake is not reversed by SMase 
inhibition in either DAPT-treated WT cells (Fig. 2C-D), or in PS-DKO cells (Fig. 2E-F).  
Ceramide triggers budding of exosome vesicles into multivesicular endosomes, which are 
enriched in cholesterol. Thus, inhibition of SMase could trigger the accumulation of cholesterol.  
 
Exosome formation requires the activation of SMase activity. In fact, one of the sphingomyelinase 
inhibitors used in this report (GW4869) is regularly used to block the synthesis of MVB/exosomes 
in the ER. Therefore, it is quite unlikely that, in our experimental conditions, the enlarged filipin-
positive droplets we observe in g-secretase-deficient cells are the result of an accumulation of 
cholesterol in MVB/exosomes. We believe that incubation with SMase inhibitors phenocopies the 
alterations in cholesterol trafficking shown in cellular models of Niemann-Pick disease, where 
reductions in SMase activity impede the delivery of cholesterol to the ER. Under these conditions, 
the Insig-Scap-SREBP-2 pathway would be activated, and the uptake of extracellular cholesterol 
increased.  
 
6) The order of appearance of some figures in the text is altered. The references to the figures in 
the text jump from Figure 2 to Figure 5: example: "While C99WT showed a perinuclear pattern of 
colocalization with ER and mitochondria, C99CBD presented a less marked perinuclear 
localization and a decreased association with mitochondria (Figs. 5A, 5B, and S5A)." 
 
We apologize for this mistake. We have renumbered the figures according to the order of 
appearance.  
 
7) The co-localization between C99wt and mitochondrial and ER markers is not obvious in Figures 
3A and Figure 5A. Maybe it would help to show a zoom in Figure 5A. 
 
We have modified the figures to include higher magnification insets that illustrate our conclusions. 
  
Referee #3: 
 
The manuscript by Pera et al. investigates how a fragment of APP control cholesterol homeostasis 
between the ER and the plasma membrane. The manuscript is situated in the control of lipid raft 
formation, a mechanism that depends on the enrichment of cholesterol under the control of 
sphingomyelin. The activities and amounts of cholesterol are tightly regulated at the level of the 
ER via interactions with the plasma membrane and mitochondria at the MAMs.  
In the manuscript, Pera et al. provide new data on the processing of APP, whose C99 fragment 
is generated on interacellular lipid rafts. The authors had previously shown that this processing 
localizes to MAMs, ER-associated lipid rafts in the proximity of mitochondria. 
 In this new manuscript, they now provide evidence that C99 is required for the lipid/cholesterol-
detoxifying activities of MAMs as one of the functions of this ER domain. 
 The manuscript currently falls short of looking beyond these functions. However, given the 
known, well-characterized function of MAMs in multiple signaling events, the investigation of MAM 
functions should not be limited to lipid homeostasis. Instead, some aspect of other MAM functions 
should be added to gain a better understanding of what is going on. 
 Another area of deficiencies is a current lack of link with tethering mechanisms.  
At the moment, there are also some inconsistencies in data presentation, i.e., some assays are 
done for some conditions, but not others. Nevertheless, this is an important topic that warrants 
high profile exposure. 
 
 
 



Major Points  
1. Some MAM signaling functions beyond lipid homeostasis should be investigated to some 
extent. For instance, calcium transfer from the ER to mitochondria should be shown. This is 
critical, since we do not know very well how these diverse functions interact with each other.  
 
2. Are tethers affected by C99 and its production? One way to address this could be via analysis 
of tether complex co-immunoprecipitation or via targeting of tethers to MAMs.  
 
Specific Points: 
  
1. In figure 1, there is inconsistency of data presentation between 1A and 1B. The % molarity is 
very different between the two. It is also unclear that 1B is total homogenate. Why was this not 
analyzed for the fractions like 1A?  
 
As shown in the legend of Fig. 1, we have stated that total homogenates were used for this 
analysis. The purpose of this experiment was to compare the effect of different APP fragments 
on the overall cellular cholesterol content, and confirm our previous findings (Pera et al, 2017) on 
the role of C99 in MAM regulation and cholesterol metabolism. A subsequent analysis of the 
impact of C99 on the content of cholesterol in subcellular fractions from APP-DKO cells and 
controls is shown in figure 5E-H.  
Mol% represents the moles of any given lipid normalized by all lipids extracted. This value does 
not reflect the absolute % of this lipid in the overall lipid composition of the cell, as ALL cellular 
lipid cannot be extracted for analysis. Therefore, it just represents a relative proportion of this lipid 
in the assayed cells and tissues. To avoid confusing the reader, we have decided to report these 
values as % of controls. As shown in the new Fig 1A and 1B, this does not affect the results. 
 
2. A loading control is missing in Figure S1C.  
 
We apologize for the confusion. This has been corrected. A loading control is included now. 
 
3. What is the cholesterol uptake in APP DKO and transfectants of C99? Figure 1 just shows PS 
DKO. We need to understand the relative defects of the cellular models used. This is inconsistent 
presentation.  
 
Cholesterol uptake was analyzed in control and transfected APP-DKO cells expressing WT or 
mutant forms of C99 (Fig. 5F). Our data shows that, contrary to those expressing C99MUT, APP-
DKO cells expressing C99WT present with increases in the uptake (Fig. 5F) and esterification (Fig. 
5G) of exogenous cholesterol.  
 

 
 
 
 
 
 
 
 
 
 
 
 



4. A description of the filipin staining pattern via co-localization with cellular markers in the PS-
DKO is necessary.  
 
Following the referee’s suggestion, we have analyzed whether the filipin puncta in PS-DKO cells 
or DAPT-treated WT cells colocalize with markers of different organelles in Supp. Fig. S1K. Our 
data shows that filipin puncta colocalize mainly with endosomal (Rab7) and lysosomal markers 
(LAMP1). As expected, some diffuse filipin staining can also be found in ER (Sec61ß) or Golgi 
(GM130).  
 
5. Supplemental figure 3 should contain zoomed-in areas, similar to Figure 3.  
 
We have modified the figures to include higher magnification insets that illustrate our conclusions. 
 
6. The gradient fractionation should contain pan-ER and mitochondrial markers, to allow for 
judging where the analyzed proteins have fractioned to.  
 
We have included pan-ER and mitochondrial markers in the western blot analysis of our sucrose 
gradient fractionation (Fig. 3). Calreticulin and ERp72 were not detected on the sucrose gradient 
fractions, confirming the absence of cross-contamination with ER markers.  
 
7. It is currently impossible to understand where the APP DKO MAM formation stands relative to 
wild type MEFs. This control should be added to Figure 5B.  
 
We apologize for this. We have included the values obtained from APPWT cells as a control:  
- Fig 1B (blue column). APP-WT levels were used as reference to represent the other groups 
- In Fig. 4D (dashed line represents WT levels). APP-DKO treated with DAPT showed no changes 

in the levels of ER-mitochondria association when compared to APP-WT treated with DAPT. 
- In Fig. 4E (APP WT are represented in blue columns). The data were referred to the levels of 

APP-WT at 2h for normalization. APP-DKO treated with DAPT showed a significant reduction 
in phospholipid transfer activity when compared to APP-WT treated with DAPT. 

- In Fig. 5E, 5F and 5G (dashed line represents APP WT levels).  The data were referring to the 
levels of APP-WT for normalization.  

- In Fig. S3E. Cholesterol efflux data. APP-WT column is shown. 
- In Fig. S3F (blue groups). SMase activity upon DAPT treatment was significantly increased in 

APP-WT while DAPT treatment showed no changes in APP-DKO (black columns) 
  
Also, would the chemical removal of cholesterol show a similar effect in wild type cells (that would 
not be observed in DKO)? 
 
This is an interesting point. Our data indicates that the absence of C99 in APP-DKO cells results 
in the reduction of cholesterol trafficking from PM to ER, thereby impeding the formation of MAM 
domains.  
It is known that increases in cholesterol in PM induce the amyloidogenic APP pathway by favoring 
the cleavage of APP by BACE1 versus that of a-secretase. Thus, we would expect that chemical 
removal of cholesterol in WT cells will increase the localization of APP in PM and as well as its 
cleavage via the non-amyloidogenic pathway. Interestingly, it has been recently shown (DelBove 
et al, 2019) that chemical removal of cholesterol by methyl-b-cyclodextrin indeed favors a-
secretase cleavage in WT cells, but without affecting b/g-secretase activity.  
In light of these data and our experience, we believe that the chemical removal of cholesterol in 
WT cells first impacts on the composition of the plasma membrane, before reaching intracellular 
membranes. However, the acute decreases in cholesterol levels in PM will rapidly elicit feedback 



mechanisms to replenish the membranes with newly synthesized or internalized cholesterol. In 
light of our data, we believe that the chemical removal of cholesterol in APP-DKO cells might 
result in an increased in the de novo synthesis of cholesterol, but it would not rescue the defects 
in cholesterol trafficking between PM-ER, nor in MAM functionality. This is the focus of our current 
studies. Similarly, it is possible that the chemical removal of cholesterol in PS-DKO cells increases 
the cleavage by a-secretase. However, as shown (DelBove et al., 2019), it will neither alleviate 
the upregulation of the b/g-secretase activity, nor the activation of MAM turnover.  
 
Minor concerns:  
 
1.  The first paragraph of the Results section is difficult to read.  
 
This paragraph has been edited for clarity. 
 
2. What does the abbreviation CTFs stand for? 
 
C-terminal fragments. This abbreviation has been included in the text. 
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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.

C- Reagents

D- Animal Models

E- Human Subjects

All cell lines were routinely tested  for mycoplasma contamination. WT and PSEN1/2-DKO (called 
PS-DKO) mouse embryonic fibroblasts (MEFs) were provided by Dr. Bart De Strooper (University of 
Leuven). APPWT and APP/APLP2-KO (called APP-DKO) mouse embryonic fibroblasts (MEFs) were a 
kind gift from Dr. Huaxi Xu (Sanford Burnham Institute). SH-SY5Y and Neuro-2a cell lines were 
obtained from the American Type Culture Collection. AD and control fibroblasts were obtained 
from the Coriell Institute for Medical Research (Camden, NJ, USA). Other PS1-mutant FAD cells 
were kind gifts from Dr. Gary E. Gibson (Cornell University). Human induced pluripotent stem cells 
(hiPSCs) in which the APPV717I (London) mutation was knocked into both alleles of the control 
IMR90 cl.4 iPSC line (WiCell) were generated by Dr. Andrew Sproul’s lab. 

Standard deviations and errors are presented for each group of data

Brown-Forsythe test was used to compare variance between groups. Geisser-Greenhouse 
correction  was used for repeated measures One-way ANOVA comparison when variance between 
groups was statistically different, as stated. 

Abcam: SREBP2 (ab30682); Cell Signaling: erlin-2 (2959), ERp72 (D70D12), rab5a (3547), rab7 
(9367); Covance: APP C99 (clone 6E10, SIG-39320); Invitrogen: ATP5A1 (459240); Sigma-aldrich: 
ACSL4 (SAB2701949), Actin beta (A5441), APP C-terminal (A8717), Flotillin1 (F1180), tubulin 
(T4026); Thermofisher Scientific: GM130 (PA1-077), LAMP1 (9091S), Sec61b (PA3-015)

P0 mouse pups were used for cortical neuron cultures. Breeders from C57BL6 WT and PS1-KI 
(M146V) knock-in mice were housed and bred according to international
standard conditions, with a 12-h light/12-h dark cycle. PS1-KI (M146V) source: Guo Q, Fu W, Sopher 
BL, Miller MW, Ware CB, Martin GM, Mattson MP
(1999) Increased vulnerability of hippocampal neurons to excitotoxic
necrosis in presenilin-1 mutant knock-in mice. Nat Med 5: 101 – 106) were used. 
https://www.alzforum.org/research-models/psen1m146v-knock. 
All experiments were performed according to a protocol approved by
the Institutional Animal Care and Use Committee of the Columbia
University Medical Center and were consistent with the National
Institutes of Health Guide for the Care and Use of Laboratory
Animals.

This manuscript is compliance with animal studies NIH guidelienes

G- Dual use research of concern

F- Data Accessibility

N/A

N/A

N/A

NO

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A
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