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Editor: Céline Carret 

1st Editorial Decision 26 February 2016 

Thank you for the submission of your manuscript to EMBO Molecular Medicine. We have now 
heard back from the three referees whom we asked to evaluate your manuscript. Although the 
referees find the study to be of potential interest, they also raise a number of concerns that need to 
be addressed in the next final version of your article.  

You will see from the comments below, that while referee 1 is rather supportive, referees 2 and 3 
raise several issues that weaken the findings. Nevertheless, constructive suggestions and comments 
are provided that we feel, if followed thoroughly, would considerably improve the conclusiveness of 
the data and as such, I would strongly encourage you to address all issues raised as recommended.  

Given these evaluations, I would like to give you the opportunity to revise your manuscript, with the 
understanding that the referees' concerns must be fully addressed and that acceptance of the 
manuscript would entail a second round of review. Please note that it is EMBO Molecular Medicine 
policy to allow only a single round of revision and that, as acceptance or rejection of the manuscript 
will depend on another round of review, your responses should be as complete as possible.  

EMBO Molecular Medicine has a "scooping protection" policy, whereby similar findings that are 
published by others during review or revision are not a criterion for rejection. Should you decide to 
submit a revised version, I do ask that you get in touch after three months if you have not completed 
it, to update us on the status.  
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Please also contact us as soon as possible if similar work is published elsewhere. If other work is 
published we may not be able to extend the revision period beyond three months.  
 
Please read below for important editorial formatting.  
 
I look forward to receiving your revised manuscript.  

 

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

Referee #1 (Comments on Novelty/Model System):  
 
This an investigation of a great quality offering a brand new explanation on the induction of brain 
inflammation after systemic insults (LPS, peritonitis, TNF). With elegant in vitro and in vivo 
experiments the authors provide most convincing data.  
 

Referee #1 (Remarks):  
 
Balusu and colleagues have identified how microvesicles derived from choroid plexus, which 
contain miRNA can propagate the inflammatory response within the brain.  
This constitutes a new key contribution provided by the members of the Inflammation Research 
Center of Ghent. The work is elegantly carried out with both in vitro and in vivo experiments, and 
all additional experiments a reviewer could think about have already been achieved!  
 
Minor comments  
1/ p.5. The authors wrote : "miRNAs are an important cargo of EVs". Would it not be the reverse?  
2/ There are some discrepancies between the results of miRNAs found in microvesicles and within 
the cells. Did the authors checked at different timing post-LPS to confirm their proposed hypothesis 
to explain these observations?  
3/ p.9 & p.18. The authors refer to their own previous review (ref. 45) to claim that CLP is the best 
model of human sepsis. This is a bit exaggerated as compared to what is stated in this review: "This 
demonstrates that experimental sepsis models do not completely mimic human sepsis." Let's say it is 
a model widely used with a lot of limitation. The main one being that mice are far to mimic humans!  
4/ Please recall in fig.5 legend the amount of injected TNF.  
5/ What is the mortality in the used CLP model?  
6/ The authors focus on the induction of pro-inflammatory cytokines. Could EVs as well and 
simultaneously induce anti-inflammatory ones (IL-10, IL-1ra, TGFb...)?  
 

 

 

Referee #2 (Remarks):  
 

In this study, Balusu and colleagues examined the response of the choroid plexus to LPS stimulation 
in-vivo and in-vitro. They show elevated levels of exosomes in the cerebrospinal fluid and link this 
to CP production of exosomes. They further suggest that pro-inflammatory miRNA which are 
carried inside those exosomes, reach and affect the brain parenchyma.  
 
The manuscript is well written and the figures are generally clear. Though the topic of the 
manuscript is interesting, the novelty is limited taking into account the previous reports which A) 
characterized in vitro and in vivo the response of the choroid plexus to LPS and other pro-
inflammatory mediators, B) characterized CSF exomes and their content following inflammatory 
stimuli, and C) characterized the effect of exosomes and pro-inflammatory miRNA on neural 
tissues. Therfore, it seems that the novelty of the current work should be primarily judged on the 
question of whether there is any functional contribution of choroid plexus-secreted exosomes in the 
LPS model, in comparison to simply BBB leakiness to the CSF.  
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Major concerns:  
 

1. Figure 1 data shows that very shortly (1-2 hours) after mice get i.p. LPS injection, there is 
elevation of exosomes and pro-inflammatory miRNAs in the CSF. Figure 4, which suggests that the 
CPE is the major source of these exosomes, shows that 3-4 hours after LPS stimulation there is 
elevation in the CPE of genes related to exosome secretion. If the CPE was the main source of 
exosomes found in the CSF, these should have appeared in the hours after the CPE starts to produce 
them. Therfore, it seems that the data simply suggests that there is an influx of pro-inflammatory 
mediators from the plasma to the CSF following LPS injection. This phenomenon is widely 
documented in the literature in the context of BBB leakiness.  
It is clear that the CPE can also produce exosomes, as was previously reported, and as the authors 
show in the in vitro model of figure 2, but the relative contribution of this in comparison to BBB 
leakiness was not addressed in the current manuscript, and is a major weakness of the suggested 
hypothesis. If the authors can address this question experimentally it would greatly improve the 
manuscript.  
 
2. The authors show data of several experiments in which they use the compound GW4869, which 
they refer to as "exosome inhibitor", to demonstrate that the pro-inflammatory effect and genes 
expression observed are exosome-dependent. Since GW4869 is a classical NFkB and TNF-alpha 
blocker, the observed effects are very much expected and do not contribute to the hypothesis 
presented. For example, in the data presented in figure 3, is it surprising that LPS-induced pro-
inflammatory genes expression is downregulated following exposure to an NFkB-blocker? This 
output repeats itself in various experiments along the manuscript, and should be cautiously regarded 
in terms of any mechanistic-insight to the exosomes.  
 
3. Figure 6 shows massive amounts of data from protein analysis. Most of the data is not statistically 
significant (and is particularly accustomed to be presented in Z score and not P value, as per the 
multiple testing provided). Moreover, it is not appropriate to selectively choose from the GO 
enrichment terms specific biological processes of interest which fit a narrative (page 11), but to 
provide their significance. A short list of the top 5/10/X statistically significant changes would be 
much more informative to the reader.  
 
4. The data presented in figure 7 is important to the hypothesis presented in the manuscript, as it is 
basically the only link between the CSF exosomes, which have to go pass the ependymal layer, and 
the effect on the brain parenchyma. Unfortunately, the presented pictures are not convincing. Figure 
7a,b show DAPI positive cells in the CSF, which are for some reason in proximity to GFAP positive 
astrocytes - where anatomically were these pictures taken?  
It is not clear at all from the picture how come the "CP", the "CSF", and the "brain" labeling are 
positioned where they are. There are specific immunohistochemistry markers which stain the 
ependymal layer of the brain ventricles; these should be used to show that the exosomes pass the 
ependymal layer. Also, to label the choroid plexus tissue, a specific marker should be used, such as 
TTR, or epithelial markers.  
 

Minor comments:  
 

5. In the legends to several figures the n values provided should be examined again. For example, 
figure 2c, 2e, and 3b, graphs have bars without standard errors, though in the legends it is described 
as n=3 or n=4. Were samples omitted from the groups? If so, please provide the specific n value for 
each group after samples were omitted. In several cases it looks like n=1 after samples were omitted.  
 
6. In the legends to the figures and the discussion there are several instances where in vitro 
experiments with LPS treatments are described as "systemic inflammation". It would be clearer if 
clearly stated as "LPS treatment".  
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Referee #3 (Remarks):  
 

Balusu et al. present a very interesting and original manuscript on the role of choroid plexus in the 
communication between the blood and the brain during peripheral inflammation, suggesting that the 
process is mediated by extracellular vesicles, mostly exosomes.  
 
In addition to its originality and significance, the work shows a detailed and thorough description 
and characterisation of of this phenomenon.  
 
Some reservations relate to the recurring claim about the sensing capacity of the choroid plexus as 
no direct evidence is presented, only correlative data. At the very least, the authors should present 
evidence for the presence of receptors that can sense inflammation triggers, according to the model 
used. For example, the authors can try to use IHC to detect TLR4 in the case of LPS, or TNFR in the 
case of a TNF-driven model of inflammation. An alternative scenario is for example that either LPS 
or TNF alter the permeability of the BBB that then allows the same mediators to be sensed directly 
by microglia.  
 
Another aspect that deserves clarification is the implication that up regulation of mir146a 
contributes to inflammation as the literature largely favours the opposite effect.  
 
Finally, it would be interesting to investigate whether brain markers of inflammation are decreased 
in animals with genetic deficiencies in factors involved in exosome secretion such as Rab27.  
 
 
 
1st Revision - authors' response 04 June 2016 

Referee #1 

This is an investigation of a great quality offering a brand new explanation on the induction of brain 

inflammation after systemic insults (LPS, peritonitis, TNF). With elegant in vitro and in vivo 

experiments the authors provide most convincing data. Balusu and colleagues have identified how 

microvesicles derived from choroid plexus, which contain miRNA can propagate the inflammatory 

response within the brain. This constitutes a new key contribution provided by the members of the 

Inflammation Research Center of Ghent. The work is elegantly carried out with both in vitro and in 

vivo experiments, and all additional experiments a reviewer could think about have already been 

achieved!  

We thank the referee for these positive comments! 

Minor comments  

p.5. The authors wrote: "miRNAs are an important cargo of EVs". Would it not be the reverse?  

This has been corrected in the revised manuscript.  

There are some discrepancies between the results of miRNAs found in microvesicles and within the 

cells. Did the authors checked at different timing post-LPS to confirm their proposed hypothesis to 

explain these observations?  

We appreciate this critical comment and discussed this more in detail in the revised manuscript. We 

analyzed miRNA levels at 1 and 6 h post LPS in the CSF (Figure 1d-g in our manuscript) and 1, 6 

and 24 h after LPS in the choroid plexus (Figure 4i-l in our manuscript). This revealed upregulation 

of miR-1a, miR-9, miR-146a and miR-155 in CSF upon systemic inflammation. In the choroid 

plexus however, only two miRNAs displayed upregulation (miR-146a and miR-155), while the two 

other miRNAs (miR-1a and miR-9) were downregulated at the same time points. This difference 
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might be explained by differences in the ratio of transcriptional activation versus secretion. This 

means that the secretion of miR-1a and miR-9 exceeds their transcriptional upregulation, eventually 

resulting in a downregulation in the choroid plexus; in contrast to miR-146a and miR-155. Although 

determining the mechanism of inflammation-induced miRNA loading into the vesicles and analysis 

of the role of the specific miRNAs is for sure interesting to be studied in the future, we don’t think 

that analyzing additional time points will have added value to our current manuscript.   

p.9 & p.18. The authors refer to their own previous review (ref. 45) to claim that CLP is the best 

model of human sepsis. This is a bit exaggerated as compared to what is stated in this review: "This 

demonstrates that experimental sepsis models do not completely mimic human sepsis." Let's say it is 

a model widely used with a lot of limitations. The main one being that mice are far to mimic 

humans!  

We have revised the sentence according to the reviewer’s suggestion.   

Please recall in fig. 5 legend the amount of injected TNF.  

We have used TNF at a concentration of 25 µg/20 g body weight as mentioned in the materials and 

methods and this is now also incorporated in the figure legend of the revised manuscript. 

What is the mortality in the used CLP model?  

The mortality of the used CLP model is ~75%. We included this information in the revised 

manuscript.  

The authors focus on the induction of pro-inflammatory cytokines. Could EVs as well and 

simultaneously induce anti-inflammatory ones (IL-10, IL-1ra, TGFb...)?  

This is an interesting comment. To address this, we checked the presence of anti-inflammatory 

molecules such as IL-10, IL-1RA, and TGFβ in our EV proteomics list. Although this list might not 

be exhaustive, we did not identify these proteins in the EVs. Additionally, we analyzed whether 

IL10 was present in the supernatant of mixed cortical cultures incubated with EVs. As shown in 

Figure 1, IL10 protein was increased in the supernatant of the cells incubated with EVs derived 

from LPS injected mice, showing that EVs also induce the anti-inflammatory protein IL10. 

 

Figure 1. Analysis of the pro-inflammatory effect of EVs isolated 
from LPS-injected mice on mixed cortical cultures. Bio-‐Plex	  cytokine	  
assay	  (Bio-‐Rad)	  of	  IL10	  in	  the	  supernatant	  of	  mixed	  cortical	  cultures	  
after	  incubation	  for	  24	  h	  with	  EVs	  isolated	  from	  CSF	  from	  untreated	  
(black)	  or	  LPS	  treated	  (6	  h)	  (grey)	  mice	  (n=3). 

 

	  

	  

Referee #2  

In this study, Balusu and colleagues examined the response of the choroid plexus to LPS stimulation 

in-vivo and in-vitro. They show elevated levels of exosomes in the cerebrospinal fluid and link this 
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to CP production of exosomes. They further suggest that pro-inflammatory miRNA which are 

carried inside those exosomes, reach and affect the brain parenchyma.  

The manuscript is well written and the figures are generally clear. Though the topic of the 

manuscript is interesting, the novelty is limited taking into account the previous reports which A) 

characterized in vitro and in vivo the response of the choroid plexus to LPS and other pro-

inflammatory mediators, B) characterized CSF exosomes and their content following inflammatory 

stimuli, and C) characterized the effect of exosomes and pro-inflammatory miRNA on neural 

tissues. Therefore, it seems that the novelty of the current work should be primarily judged on the 

question of whether there is any functional contribution of choroid plexus-secreted exosomes in the 

LPS model, in comparison to simply BBB leakiness to the CSF.  

The novelty of our manuscript is indeed that we are the first to show that the choroid plexus 

epithelial cells secrete more EVs into the CSF upon systemic inflammation and that these EVs 

transfer a pro-inflammatory signal to the brain, in parallel with what is happening at the BBB.  

Major concerns:  

Figure 1 data shows that very shortly (1-2 hours) after mice get i.p. LPS injection, there is elevation 

of exosomes and pro-inflammatory miRNAs in the CSF. Figure 4, which suggests that the CPE is 

the major source of these exosomes, shows that 3-4 hours after LPS stimulation there is elevation in 

the CPE of genes related to exosome secretion. If the CPE was the main source of exosomes 

found in the CSF, these should have appeared in the hours after the CPE starts to produce 

them. Therefore, it seems that the data simply suggests that there is an influx of pro-

inflammatory mediators from the plasma to the CSF following LPS injection. This 

phenomenon is widely documented in the literature in the context of BBB leakiness. It is clear that 

the CPE can also produce exosomes, as was previously reported, and as the authors show in the in 

vitro model of figure 2, but the relative contribution of this in comparison to BBB leakiness was 

not addressed in the current manuscript, and is a major weakness of the suggested hypothesis. If the 

authors can address this question experimentally it would greatly improve the manuscript.  

This question consists of three parts, which we have addressed in the revised manuscript and also 

discuss below: (a) the discrepancy between the observed EV increase in the CSF and gene 

expression analysis of exosome markers in choroid plexus, (b) the contribution of leakage of plasma 

components due to loss of blood-CSF barrier integrity, and (c) the importance of events that occur in 

parallel at the BBB. 

(a) We observed a significant upregulation of EVs in the CSF already two hours after stimulation 

with LPS (i.p), while the mRNA upregulation of EV markers is detected only 8 h post LPS. This is 

not necessarily a discrepancy, as the choroid plexus epithelial cells of naive mice show 

multivesicular bodies (MVBs) with exosomes, which can be secreted without the need of new 

mRNA transcription. Moreover, at the first stages upon LPS injection, there might be enough 

protein available to increase the exosome production and secretion. Only later on, there will be the 

need to replenish the secreted EV proteins. To analyze EV protein levels in the choroid plexus 

epithelial cells, we performed immunofluorescence analysis of different EV markers, namely 

CD63, RAB5, and Annexin A2 (ANXA2), on brain sections of naive mice and 4 and 8 h after LPS 
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injection. As shown in Figure 2, this revealed a strong induction of the exosome proteins early upon 

stimulation with LPS. Interestingly, all three proteins were already expressed in basal conditions 

indicating that the necessary machinery is present to increase the EV production when needed.  

 

Figure 2.  
Immuno-
fluorescence 
analysis of CD63, 
RAB5 and ANXA2 
in choroid plexus 
upon systemic 
inflammation. 
Representative 
confocal images of 
CD63, RAB5 and 
ANXA2 (red) at 0, 
4 and 8 h after LPS 
treatment. Hoechst 
(blue) was used to 
stain the nucleus. 
The dotted line 
indicates the 
ependymal cells that 
line the ventricle 
and the square 
boxes indicate the 
zoomed insert 
images displayed at 
the right corner of 
each image. 
Scalebar 100 µm. 
(CP, choroid 
plexus) 

 

 

The immunostainings show that CD63 is mainly observed in the perinuclear area in basal conditions 

and early upon LPS stimulation there is an increased signal at the apical side, close to the CSF. At a 

later time point, high CD63 levels are observed both at the perinuclear area and at the apical side of 

the choroid plexus epithelial cells. Similarly, RAB5 is already present in the choroid plexus of naive 

mice and LPS stimulation results in higher levels of RAB5 both in the cytoplasm and at the apical 

side of the choroid plexus epithelial cells. Although ANXA2 expression was less homogeneous 

throughout the choroid plexus, this marker is expressed at basal conditions and is strongly induced 

upon LPS stimulation. These results altogether suggest that the exosome machinery might be 

activated at the post-transcriptional level at the early time points after the inflammatory trigger. Only 

at later stages, to cope with the continuous secretion of the exosomes, there is the need to increase 

the mRNA levels. These results are included and discussed in the revised manuscript and replaced 

the qPCR data in Figure 4. 

Moreover, we want to stress that we used different, independent experiments in our manuscript to 

prove that the choroid plexus epithelial cells are the main source of the EVs detected in the CSF:  

(1) Transthyretin (TTR) is a protein that consists of four identical subunits of 14 kDa in a tetrahedral 
symmetry1. Plasma TTR originates primarily in the liver, whereas brain TTR is exclusively 
produced, secreted, and regulated by the choroid plexus2, 3. We performed a western blot analysis on 
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EVs isolated from CSF and TTR was detected in all CSF-derived EV samples (Figure 3). This is in 
agreement with another study in which proteome analysis of CSF-derived EVs was optimized4.  

 

Figure 3. Western blot 
analysis of choroid 
plexus cell lysate and 
extracellular vesicles 
isolated from CSF. 
Choroid plexus (CP) 
tissue was isolated, 
pooled from 3 mice, 
lysed, and analyzed by 
SDS-PAGE. Similarly, 
extracellular vesicles 
(EVs) were isolated from 
~25 µl CSF and 
analyzed by SDS-PAGE. 
Detection was done with 
an anti-TTR antibody 
(green) and an anti-β-
actin antibody (red) 
using the Odyssey 
Imaging system. 

 
(2) To prove the involvement of choroid plexus-derived exosomes in the observed LPS-dependent 
increase in the amount of CSF EVs, we made use of a chemical inhibitor, GW4869; i.e. a neutral 
sphingomyelinase inhibitor (nSMase2)5-8. Mice were injected intraperitoneally (ip) with LPS and 2.5 
hours later injected intracerebroventricularly (icv) with GW4869 or vehicle. After 2.5 hours, CSF 
and choroid plexus were isolated and analyzed. CSF analysis by NanoSight revealed that inhibition 
of exosome production reduced the amount of EVs in the CSF (Figure 4a) and this was associated 
with a decrease in the secreted miRs miR-9, miR-146a, and miR-155 (Figure 4b-d). Moreover, this 
resulted in accumulation of several miRNAs in the choroid plexus: this accumulation was significant 
for several miRNAs (Figure 4e-h). These results show that blocking exosome production by icv 
injection of an exosome inhibitor prevents exosome release from the choroid plexus and leads to 
miRNA accumulation in the choroid plexus. This strongly supports that the choroid plexus is the 
main source of the observed LPS-dependent changes in EVs and miRNAs in the CSF.  

 
Figure 4. Effect of exosome inhibition on EV and miRNA secretion of primary CPE cells stimulated with 
LPS. (a) In vitro quantification of EVs isolated from conditioned medium of LPS-stimulated primary CPE cells 
grown in a transwell system in the absence or presence of the exosome inhibitor GW4869 (n=3). (b-d) TaqMan 
assay quantification of the miRNAs miR-9 (b), miR-146a (c) and miR-155 (d) in supernatant of LPS-stimulated 
primary CPE cells grown in a transwell system and either left untreated or pretreated with GW4869 to inhibit 
exosome secretion (n=3). miR-1a levels were below detection limit. (e-h) TaqMan assay quantification of the 



EMBO Molecular Medicine   Peer Review Process File - EMM-2016-06271 
 

 
© EMBO 9 

miRNAs miR-1a (e), miR-9 (f), miR-146a (g) and miR-155 (h) in cell lysate of LPS-stimulated primary CPE 
cells grown in a transwell system left untreated or treated with GW4869 to inhibit exosome secretion (n=3). 
Data are displayed as mean ± SEM and analyzed by Student’s t-test. Significance levels are indicated on the 
graphs: *, 0.01 ≤ P < 0.05; **, 0.001 ≤ P < 0.01. 

 
(3) Additionally, we performed an ex vivo experiment by injecting mice with PBS or LPS and 2.5 
hours later isolating choroid plexus after transcardial perfusion with PBS/heparin to remove all 
blood from the vascularized choroid plexus. Isolated choroid plexus explants were kept in culture 
for 2.5 hours in OptiMEM medium and supernatant was analyzed by NanoSight. This revealed the 
presence of significantly more EVs in the supernatant of choroid plexus from LPS-injected mice 
compared to PBS controls (Figure 5). Again, this provides evidence that the choroid plexus releases 
EVs into the CSF in response to peripheral LPS stimulation.  
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Figure 5. Analysis of choroid 
plexus explants from PBS- and 
LPS-injected mice. NanoSight 
analysis of supernatant of choroid 
plexus explants from PBS- or LPS-
injected mice (n=6). 

 
(4) We performed TEM analysis of choroid plexus tissue at different time points after LPS 
stimulation in vivo (Figures 6a−5i) and we quantified the amount of MVBs and exosomes per MVB 
and exosomes or intraluminal vesicles per cell. This provides evidence that choroid plexus epithelial 
cells are able to produce exosomes and that exosome production is increased upon systemic 
inflammation. Moreover, the CSF kinetics of the EVs (Figure 7a) resemble the kinetics in the 
choroid plexus epithelial cells (Figure 7b) quantified by TEM analysis and this further provides 
evidence that (part of) the EVs in the CSF are derived from the choroid plexus epithelial cells. 
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Figure 6. TEM analysis of choroid plexus from LPS-injected mice at different time points. (a-f) 
Representative TEM images from choroid plexus tissue isolated 0, 1, 2, 3, 4 or 6 hours after LPS injection. 
Quantification of (f) amount of MVBs per cell section, (g) amount of exosomes per MVB, and (h) amount of 
exosomes per cell section, based on TEM analysis. 
 

 

Figure 7. Quantification of 
EVs in CSF and exosomes 
in the choroid plexus in 
response to peripheral LPS 
treatment. (a) NanoSight 
analysis of extracellular 
vesicles in the CSF 0, 1, 2, 4 
and 6 h after LPS injection. 
(b) The amount of exosomes 
per cell section based on 
TEM analysis. 

 
(5) Using the miRCURY LNA™ microRNA ISH Kit (Exiqon), we performed in situ hybridization 
(ISH) of three different miRNAs detected in EVs isolated from CSF. This revealed in all cases that 
the miRNAs were present in the choroid plexus cells in the cytoplasm (Figure 8).  

 
Figure 8. In situ hybridization (ISH) analysis of miRNA expression in the choroid plexus. (a-c) LNATM-
ISH of miR-146a (a), miR-9 (b) and miR-155 (c) on brain sections.  
 
In conclusion, all data together support our hypothesis that the choroid plexus epithelial cells are the 
main source of the EVs that are detected in the CSF and all these data are in the manuscript. 
(b) In the second part of the question, the reviewer mentions that LPS might induce an influx of pro-

inflammatory mediators from the plasma into the CSF which might explain some of our 

observations. It is not completely clear what the reviewer means with ‘pro-inflammatory mediators’; 

we will focus here on the potential role of peripheral cytokines/chemokines and peripheral 

extracellular vesicles.  

Previous data from our group indeed showed the presence of cytokines and chemokines in the CSF 

and disturbance of the blood-CSF barrier integrity upon systemic inflammation9. However, it is 

important to realize that these cytokines/chemokines are not a reflection of the peripheral levels 

arguing against direct leakage9, which suggests secretion by cells in the ventricles. Interestingly, 

LPS stimulation of primary choroid plexus epithelial cells cultured on transwells results in increased 

cytokine and chemokine levels in the upper compartment (Figure 9). Of course, the increased 

chemokine levels might subsequently induce leukocyte influx which might also contribute to the 

observed effects, but this will only occur at later time points upon LPS injection and is not 

responsible for the early increase in EVs in the CSF upon systemic inflammation. Importantly, 

although these cytokines and chemokines will play a role in the overall effects of systemic 

inflammation on the brain, this cytokine production is not the explanation of our findings. Indeed, 

when we isolate EVs, soluble proteins are not present in our isolated fraction. 
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Figure 9. Cytokine and chemokine analysis of 
supernatant of primary choroid plexus epithelial cells 
upon LPS stimulation. Primary choroid plexus cells were 
cultured on transwells and stimulated with LPS from the 
basal side. Supernatant from the upper compartment was 
isolated and TNFα, MCP1 and MIP1α levels were 
determined using the Luminex technology (n=3). 

 

 

Additionally, it is also important to realize that the reported increase in blood-CSF barrier 

integrity is determined using 4 kDa FITC-dextran9, while most pro-inflammatory mediators are 

larger. Next, we performed a new experiment with different molecular weight FITC-dextran 

molecules. Mice were injected i.p. with LPS, followed by i.v. injection of FITC-dextran. As 

presented in Figure 10, we observed increased blood-CSF barrier leakage of 4 kDa FITC-dextran, 

while this was not the case for 20 kDa FITC-dextran, suggesting that leakage of blood components 

will be limited.  

 

 

Figure 10. Relative blood-CSF barrier leakage upon 
LPS injection. Mice were injected with PBS (n=3) or LPS 
(n=5), followed 3 h later by i.v. injection of 4 kDa and 20 
kDa FITC-dextran. One hour later, CSF was isolated and 
fluorescence was measured using a fluorimeter 
(λex/λem = 488 nm/520 nm). 

 

 

Next to soluble blood components, also peripheral extracellular vesicles may cross the choroid 

plexus cells via transcytosis upon systemic inflammation, followed by release in the CSF, as shown 

for folate containing extracellular vesicles in naive mice10. We believe that this is a plausible 

(additional) mechanism, but this doesn’t change anything to our data or hypothesis. Indeed, we show 

that choroid plexus-derived extracellular vesicles (either locally synthesized or transported across 

the choroid plexus epithelial cells from the blood via transcytosis) play an important role in the 

transfer of a pro-inflammatory message from blood to brain. Moreover, the fact that we can mimic 

the LPS-induced release of extracellular vesicles by primary choroid plexus cells in vitro together 

with the observation that the in vivo and in vitro EVs show a similar miRNA composition, suggests 

that most EVs in the CSF are newly synthesized by the choroid plexus epithelial cells. However, we 

do not exclude a role for transcytosis of peripheral EVs via the choroid plexus. We included this in 

the discussion of the revised manuscript. 

(c) The last part of the question deals with the importance of events that might happen in parallel 

at the blood-brain barrier (BBB). We do realize that the BBB is also important in the response to 

systemic LPS, and this is clearly stated in the discussion of the manuscript. For example, it is known 

that endothelial cell activation can lead to activation of other cells from the neurovascular unit that 

are closely connected to these endothelial cells. Therefore, we do not exclude the possibility that the 

endothelial cells can also produce EVs or that the endothelial response affects the choroid plexus in 
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response to peripheral inflammation. What we studied at the blood-CSF might occur in parallel with 

mechanisms that are activated at the BBB. However, we want to point out that morphometric studies 

of the BCSFB revealed that due to the presence of microvilli, choroid plexus epithelial cells have an 

apical surface area only twofold lower compared to the luminal surface area of the BBB endothelial 

cells, thereby providing an almost equally large surface for exchange of solutes and vesicles11. 

Probably due to technical reasons, most researcher focus on the BBB and largely neglect the blood-

CSF located at the choroid plexus. It is also important to keep in mind that the endothelial cells that 

form the BBB display minimal vesicle transport activity12. In contrast, besides maintaining the 

barrier, the main function of the choroid plexus epithelial cells that form the blood-CSF barrier is 

secretion of proteins into the CSF. Indeed, choroid plexus epithelial cells at the blood-CSF display 

much more (vesicular) transport than endothelial BBB cells.  

Additionally, the effects that we observe are really fast: as shown in Figure 7a, there was a gradual 

increase in the amount of EVs in the CSF and the increase is already significant 2 hours after LPS 

injection. Next, we analyzed the BBB integrity early upon LPS administration as described before13. 

We injected mice with LPS, followed by i.v. injection of 4 kDa FITC-dextran 3 hours later. Next, 

mice were perfused transcardially with PBS, brains were isolated and incubated in formamide to 

extract the fluid from the brain tissue. Analysis of the supernatant revealed that there was no 

increase in BBB leakage at this time point upon LPS injection (Figure 11), arguing against an 

important role of BBB leakage in the effects that we describe here. Moreover, the appearance of 

EVs in the CSF is unlikely to be a result of EVs that come from the endothelial cells, passed the 

brain parenchyma and entered the CSF in this short time frame. It is much more logic that the EVs 

originate from the choroid plexus epithelial cells which are in direct contact with the CSF and 

responsible for most CSF production. Additionally, as described above, we provide a lot of evidence 

that the choroid plexus epithelial cells are the main source of the EVs, based on the presence of 

TTR, TEM images, inhibitor studies, explant experiments, miRNA ISH and immunostainings of EV 

markers. 
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Figure 11. Relative BBB leakage upon LPS 
injection. Mice were injected with PBS (n=3) or LPS 
(n=6), followed 3 h later by i.v. injection of 4 kDa 
FITC-dextran. One hour later, brains were isolated and 
incubated in formamide overnight at 37° degrees. The 
next day, supernatant was isolated and fluorescence 
was measured using a fluorimeter 
(λex/λem = 488 nm/520 nm). 

 

 

The authors show data of several experiments in which they use the compound GW4869, which 

they refer to as "exosome inhibitor", to demonstrate that the pro-inflammatory effect and genes 

expression observed are exosome-dependent. Since GW4869 is a classical NFkB and TNF-alpha 

blocker, the observed effects are very much expected and do not contribute to the hypothesis 

presented. For example, in the data presented in figure 3, is it surprising that LPS-induced pro-
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inflammatory genes expression is downregulated following exposure to an NFkB-blocker? This 

output repeats itself in various experiments along the manuscript, and should be cautiously regarded 

in terms of any mechanistic-insight to the exosomes.  

GW4869 is a specific, non-competitive inhibitor of neutral sphingomyelinase (nSMase)14. Neutral 

sphingomyelinase helps in releasing the ceramide from the sphingomyelin and the secretion of 

exosomes from the cell. GW4869 is widely used in the literature as an exosome inhibitor, which is 

the reason why we have referred to GW4869 as an exosome inhibitor5, 6, 15-17. We don’t agree with 

the reviewer that the GW4869 is an NfκB blocker, as the literature claims the opposite effect: it has 

been shown that GW4869 doesn’t affect TNF-induced NfκB translocation to nuclei and the TNF 

mediated signaling effects18. 

In Figure 3 of our manuscript, we do not show any pro-inflammatory gene expression, so we are not 

sure what the reviewer is referring to. In these experiments, we used GW4869 on in vitro choroid 

plexus cells to see its effect on exosome production. This revealed that GW4869 suppresses the 

choroid plexus mediated exosome release into the supernatants upon LPS stimulation (Figure 3a in 

our manuscript). Additionally, this was associated with a decrease in exosome-associated miRNA 

release into the CSF (Figure 3b-d in our manuscript). Moreover, two out of four miRNAs were also 

increased in the choroid plexus epithelial cells upon GW4869 treatment (Figure 3e-h in our 

manuscript). These results show that blocking exosome production prevents exosome release from 

the choroid plexus and leads to miRNA accumulation in the choroid plexus. 

We also used the exosome inhibitor in the experiments presented in Figure 4m-n of our original 

manuscript. Similar to our in vitro results presented in Figure 3, also in vivo icv injection inhibited 

exosome production and resulted into miRNA accumulation in the choroid plexus.  

Finally, also Figure 8g-h of our manuscript contains some GW4869 data. As we observed a decrease 

in exosomes and exosome-associated miRNAs after treatment with GW4869 in vitro and in vivo, we 

wanted to analyze whether this eventually affects EV-mediated miRNA target -repression and pro-

inflammatory gene expression in the brain. As shown, this resulted in increased expression of the 

miRNA targets and decreased levels of the pro-inflammatory genes, which shows that blockage of 

EV secretion reduces EV-mediated miRNA target repression and pro-inflammatory gene expression. 

Figure 6 shows massive amounts of data from protein analysis. Most of the data is not statistically 

significant (and is particularly accustomed to be presented in Z score and not P value, as per the 

multiple testing provided). Moreover, it is not appropriate to selectively choose from the GO 

enrichment terms specific biological processes of interest which fit a narrative (page 11), but to 

provide their significance. A short list of the top 5/10/X statistically significant changes would be 

much more informative to the reader.  

We are a bit confused by this comment. We don’t agree that most of the data is not significant, as 

shown by the p-values which are represented on the Y-axis. Only in case of Figure 6d, a limited 

amount of GO terms have a p-value between 0.1 and 0,05. This is expected, since this analysis is 

done on a limited set of proteins (namely 280; only the proteins which were detected upon LPS 

stimulation). 
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Additionally, we want to point out that we have not made any selection while doing the DAVID 

analysis; this is an unbiased DAVID GO enrichment analysis and we displayed the top pathways 

that came out of this analysis without selection. In Figure 6e, we grouped the top pathways in the 

three subgroups (namely ‘biological processes’, ‘cellular components’ and ‘molecular functions’) 

and in all three cases, the top 10 is displayed. Similarly, also the IPA analysis was done unbiased 

and the top pathways are displayed.  

The data presented in figure 7 is important to the hypothesis presented in the manuscript, as it is 

basically the only link between the CSF exosomes, which have to go pass the ependymal layer, and 

the effect on the brain parenchyma. Unfortunately, the presented pictures are not convincing. Figure 

7a,b show DAPI positive cells in the CSF, which are for some reason in proximity to GFAP positive 

astrocytes - where anatomically were these pictures taken? It is not clear at all from the picture how 

come the "CP", the "CSF", and the "brain" labeling are positioned where they are. There are specific 

immunohistochemistry markers which stain the ependymal layer of the brain ventricles; these 

should be used to show that the exosomes pass the ependymal layer. Also, to label the choroid 

plexus tissue, a specific marker should be used, such as TTR, or epithelial markers.  

In our original images, we focused on regions in and around the ventricles to trace the injected EVs. 

The DAPI stained nuclei that the reviewer mentions in the comment are from the choroid plexus 

which is hanging inside the ventricle. However, in order to visually prove that these cells are indeed 

choroid plexus, and to improve the GFAP staining, we have repeated this experiment and performed 

a co-staining with pan-cytokeratin, an epithelial marker to visualize the choroid plexus. As shown in 

Figure 12b below, we found an abundant number of injected exosomes around the ventricle in the 

brain parenchyma, represented by the white arrowheads. 

Further examination revealed that the PKH26 labeled exosomes (red) are very closely associated 

with the GFAP positive cells (Figure 12, zoom), indicating that the astrocytes surrounding the 

ventricles are actively involved in the uptake of the exosomes, similar to what was observed in vitro. 

We are convinced that the new images strengthen our hypothesis. 
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Figure 12. Tracing of intracerebroventricular (icv) injected EVs. Representative confocal images four 
hours after icv injection of PKH26 labelled EVs (red). Astrocytes are stained with GFAP (white) and nuclei 
with Hoechst (blue), and pan-cytokeratin (green) is used as the marker for the choroid plexus. The dotted line 
shows the ventricular border and the white arrow heads point to EVs that crossed the ependymal cell layer. 
Square box represents the zoomed image of a GFAP positive astrocyte. The experiment was repeated three 
times (n=3). Scalebar 100 µm. 

 
Minor comments:  

In the legends to several figures the n values provided should be examined again. For example, 

figure 2c, 2e, and 3b, graphs have bars without standard errors, though in the legends it is described 

as n=3 or n=4. Were samples omitted from the groups? If so, please provide the specific n value for 

each group after samples were omitted. In several cases it looks like n=1 after samples were omitted.  

All sample size numbers are correctly provided in the legends of the revised manuscript. In all 

experiments, the n-value was ≥ 3. If no error bar is visible, this is because the variation between the 

samples is small.  

In the legends to the figures and the discussion there are several instances where in vitro 

experiments with LPS treatments are described as "systemic inflammation". It would be clearer if 

clearly stated as "LPS treatment".  

We thank the reviewer for this suggestion and replaced ‘systemic inflammation’ by ‘LPS treatment’ 

in our revised manuscript.  

 

 

Referee #3  

Balusu et al. present a very interesting and original manuscript on the role of choroid plexus in the 

communication between the blood and the brain during peripheral inflammation, suggesting that the 

process is mediated by extracellular vesicles, mostly exosomes.  

In addition to its originality and significance, the work shows a detailed and thorough description 

and characterisation of this phenomenon.  
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We thank the reviewer for these positive comments. 

Some reservations relate to the recurring claim about the sensing capacity of the choroid plexus as 

no direct evidence is presented, only correlative data. At the very least, the authors should present 

evidence for the presence of receptors that can sense inflammation triggers, according to the model 

used. For example, the authors can try to use IHC to detect TLR4 in the case of LPS, or TNFR in the 

case of a TNF-driven model of inflammation. An alternative scenario is for example that either LPS 

or TNF alter the permeability of the BBB that then allows the same mediators to be sensed directly 

by microglia.  

We appreciate the reviewer’s comment. Indeed, the presence of TLR4 or TNFR1 in the choroid 

plexus is essential to assure a direct response to systemic inflammatory triggers such as LPS and 

TNF. First, we analyzed the expression of Tlr4 and Tnfr1 in the choroid plexus before and at 

different time points after LPS treatment and this revealed that both genes are expressed at the 

choroid plexus. As presented in Figure 13, we observed a significant induction of Tnfr1 6 and 24 h 

after LPS injection at mRNA level and Tlr4 showed a limited increase in gene expression 6 h after 

LPS injection.  

 

Figure 13. mRNA expression 
analysis of Tlr4 and Tnfr1 in the 
choroid plexus. Choroid plexus 
samples were isolated before and 1, 6 
and 24 h post LPS treatment, 
followed by RNA isolation and 
mRNA expression analysis of Tlr4 
and Tnfr1 (n=3). 

 

Next, we performed immunostainings for both TNFR1 and TLR4. As shown in Figure 14a, TLR4 

could be detected in the choroid plexus and showed an increase in the presence of LPS, in 

agreement with the qPCR results. TNFR1 signal was low in the choroid plexus of naive mice 

(Figure 14b), but increased upon LPS stimulation. 
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Figure 14. 
Immuno-
fluorescence 
analysis of 
TLR4 and 
TNFR1 
expression in 
the choroid 
plexus. (a-b) 
Representativ
e confocal 
images of 
choroid 
plexus (CP) 
on brain 
sections from 
naive mice 
and four 
hours after 
LPS injection 
(n=3). Brain 
sections were 
stained for 
TLR4 (a) and 
TNFR1 (b) 
(red), pan-
cytokeratine 
(green) and 
the nuclei 
were stained 
with Hoechst 
(blue). The 
ependymal 
cells aligning 
the ventricles 
are marked 
with a dotted 
line. Scalebar 
100 µm. 

 
The reviewer also wonders whether LPS or TNF alter the BBB permeability which will activated the 

microglia. Although we do believe that, in parallel with what is happening at the blood-CSF barrier, 

also at the BBB several mechanisms are activated, we do know that the BBB is still intact 4 h after 

LPS injection. To address this, we analysed the BBB integrity upon LPS administration as described 

before13. We injected mice with LPS, followed by i.v. injection of 4 kDa FITC-dextran 3 hours later. 

Next, mice were perfused transcardially with DPBS, brains were isolated and incubated in 

formamide to extract the fluid from the brain tissue. Analysis of the supernatant revealed that there 

was no increase in BBB leakage at this time point upon LPS injection (Figure 15), arguing against a 

role for BBB leakage in the early stages of inflammation-induced EV secretion by the choroid 

plexus. However, we do not exclude that this might occur at later stages and might affect the choroid 

plexus. 
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Figure 15. Relative BBB leakage upon LPS 
injection. Mice were injected with PBS (n=3) or LPS 
(n=6), followed 3 h later by i.v. injection of 4 kDa 
FITC-dextran. One hour later, brains were isolated and 
incubated in formamide overnight at 37° degrees. The 
next day, supernatant was isolated and fluorescence 
was measured using a fluorimeter 
(λex/λem = 488 nm/520 nm). 

 

 

Another aspect that deserves clarification is the implication that up regulation of mir-146a 

contributes to inflammation as the literature largely favors the opposite effect.  

We agree that anti-inflammatory properties have been attributed to miR-146a. While both miRNAs 

are coordinately regulated via similar mechanisms19, it has e.g. been shown that exosomal miR-146a 

inhibits, while miR-155 promotes endotoxin-induced inflammation in mice20. As suggested by 

Alexander et al., there are several possible reasons why EV populations contain both of these 

functionally distinct miRNAs species20. One explanation is that miR-155 and miR-146a release in 

exosomes is a dynamically regulated process where the ratio of miR-155 to miR-146a changes over 

time and subsequently decides whether there will be a pro- or anti-inflammatory response in the 

target cells. However, further studies are needed to elucidate this. In our EVs, it is clear that miR-

155 induction and expression is much higher compared to miR-146a, which might explain the pro-

inflammatory effect on the recipient cells. 

Finally, it would be interesting to investigate whether brain markers of inflammation are decreased 

in animals with genetic deficiencies in factors involved in exosome secretion such as Rab27.  

We thank the reviewer for this enthusiastic question. Indeed, it would be really interesting to analyze 

the phenotype of Rab27 deficient mice in systemic inflammation. Unfortunately, we would need 

choroid plexus specific knockouts, since EV secretion in the periphery also plays an important role 

in systemic inflammation and these mice are not available. International Mouse Phenotyping 

Consortium has recently profiled the phenotype of full Rab27b knockout mice and found that these 

mice are severely defective in immune cell production. However, we do plan to study this in more 

detail in future projects by alternative approaches. 
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2nd Editorial Decision 15 June 2016 

Thank you for the submission of your revised manuscript to EMBO Molecular Medicine. We have 
now received the enclosed reports from the referees that were asked to re-assess it. As you will see 
the reviewers are now globally supportive and I am pleased to inform you that we will be able to 
accept your manuscript pending the following final amendments:  

 
1) Please address the minor change commented by referee 1. Please provide a letter INCLUDING 
the reviewer's reports and your detailed responses to their comments (as Word file).  
 
Please submit your revised manuscript within two weeks. I look forward to seeing a revised form of 
your manuscript as soon as possible.  
 

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

Referee #2 (Remarks):  
 
The revised manuscript is considerably improved, in particularly by the newly added data in figures 
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4, 7, and supplementary EV5 and EV12, which strengthen the authors hypothesis for the CP as a 
significant source of the exosomes. These, and the question regarding the contribution of BBB 
leakage, were major limitations of the original manuscript, which the authors adequately and 
thoroughly addressed.  
 
With regards to figure 6, which the authors did not revise - I believe it still doesn't say much to the 
reader, except that perhaps "many things are changing in response to LPS". Preferably, focusing on 
the top important or statistically significant data out of the David software output, would make it 
clearer.  
 

 

Referee #3 (Remarks):  
 
The authors have satisfactorily addressed all my concerns. This is now a much important and 
stronger manuscript!  
 
 
 
2nd Revision - authors' response 11 July 2016 

1. Please address the minor change commented by referee 1. Please provide a letter 
INCLUDING the reviewer's reports and your detailed responses to their comments (as Word 
file).  

 

We assume this is about the following comment of referee #2: “With regards to figure 6, which the 
authors did not revise - I believe it still doesn't say much to the reader, except that perhaps "many 
things are changing in response to LPS". Preferably, focusing on the top important or statistically 
significant data out of the David software output, would make it clearer.” To address this comment, 
we removed the non-significant data from the graphs in Figure 6. 

  
 
 



USEFUL	  LINKS	  FOR	  COMPLETING	  THIS	  FORM

http://www.antibodypedia.com
http://1degreebio.org
http://www.equator-‐network.org/reporting-‐guidelines/improving-‐bioscience-‐research-‐reporting-‐the-‐arrive-‐guidelines-‐for-‐reporting-‐animal-‐research/

http://grants.nih.gov/grants/olaw/olaw.htm
http://www.mrc.ac.uk/Ourresearch/Ethicsresearchguidance/Useofanimals/index.htm
http://ClinicalTrials.gov
http://www.consort-‐statement.org
http://www.consort-‐statement.org/checklists/view/32-‐consort/66-‐title



http://www.equator-‐network.org/reporting-‐guidelines/reporting-‐recommendations-‐for-‐tumour-‐marker-‐prognostic-‐studies-‐remark/


http://datadryad.org


http://figshare.com


http://www.ncbi.nlm.nih.gov/gap


http://www.ebi.ac.uk/ega

http://biomodels.net/

http://biomodels.net/miriam/
 http://jjj.biochem.sun.ac.za
 http://oba.od.nih.gov/biosecurity/biosecurity_documents.html
 http://www.selectagents.gov/








 common	  tests,	  such	  as	  t-‐test	  (please	  specify	  whether	  paired	  vs.	  unpaired),	  simple	  χ2	  tests,	  Wilcoxon	  and	  Mann-‐Whitney	  
tests,	  can	  be	  unambiguously	  identified	  by	  name	  only,	  but	  more	  complex	  techniques	  should	  be	  described	  in	  the	  methods	  
section;

 are	  tests	  one-‐sided	  or	  two-‐sided?
 are	  there	  adjustments	  for	  multiple	  comparisons?
 exact	  statistical	  test	  results,	  e.g.,	  P	  values	  =	  x	  but	  not	  P	  values	  <	  x;
 definition	  of	  ‘center	  values’	  as	  median	  or	  average;
 definition	  of	  error	  bars	  as	  s.d.	  or	  s.e.m.	  

1.a.	  How	  was	  the	  sample	  size	  chosen	  to	  ensure	  adequate	  power	  to	  detect	  a	  pre-‐specified	  effect	  size?

1.b.	  For	  animal	  studies,	  include	  a	  statement	  about	  sample	  size	  estimate	  even	  if	  no	  statistical	  methods	  were	  used.

2.	  Describe	  inclusion/exclusion	  criteria	  if	  samples	  or	  animals	  were	  excluded	  from	  the	  analysis.	  Were	  the	  criteria	  pre-‐
established?

3.	  Were	  any	  steps	  taken	  to	  minimize	  the	  effects	  of	  subjective	  bias	  when	  allocating	  animals/samples	  to	  treatment	  (e.g.	  
randomization	  procedure)?	  If	  yes,	  please	  describe.	  

For	  animal	  studies,	  include	  a	  statement	  about	  randomization	  even	  if	  no	  randomization	  was	  used.

4.a.	  Were	  any	  steps	  taken	  to	  minimize	  the	  effects	  of	  subjective	  bias	  during	  group	  allocation	  or/and	  when	  assessing	  results	  
(e.g.	  blinding	  of	  the	  investigator)?	  If	  yes	  please	  describe.

4.b.	  For	  animal	  studies,	  include	  a	  statement	  about	  blinding	  even	  if	  no	  blinding	  was	  done

5.	  For	  every	  figure,	  are	  statistical	  tests	  justified	  as	  appropriate?

Do	  the	  data	  meet	  the	  assumptions	  of	  the	  tests	  (e.g.,	  normal	  distribution)?	  Describe	  any	  methods	  used	  to	  assess	  it.

Is	  there	  an	  estimate	  of	  variation	  within	  each	  group	  of	  data?

Is	  the	  variance	  similar	  between	  the	  groups	  that	  are	  being	  statistically	  compared?

Appropriate	  statistical	  tests	  are	  included	  in	  the	  manuscript.

Statistical	  analysis	  was	  done	  using	  GraphPad	  software.

Variation	  is	  included	  in	  all	  graphs.

We	  did	  not	  determine	  whether	  the	  variance	  was	  similar	  between	  the	  different	  groups.
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For	  all	  experiments,	  sample	  sizes	  were	  determined	  based	  on	  previous	  experiments.	  For	  all	  in	  vivo	  
experiments,	  power	  analysis	  was	  performed	  according	  to	  the	  ethical	  guidelines.

We	  used	  G*power	  to	  determine	  the	  sample	  sizes.

Before	  qPCR	  analysis,	  we	  analyzed	  the	  RNA	  quality	  and	  samples	  which	  did	  not	  meet	  the	  criteria	  
were	  excluded.	  No	  other	  samples	  were	  excluded.

No	  randomization	  was	  used.

No	  randomization	  was	  used.

The	  investigator	  was	  not	  blinded	  during	  analysis	  of	  the	  data.

No	  blinding	  was	  done	  for	  animal	  studies.

definitions	  of	  statistical	  methods	  and	  measures:

1.	  Data

the	  data	  were	  obtained	  and	  processed	  according	  to	  the	  field’s	  best	  practice	  and	  are	  presented	  to	  reflect	  the	  results	  of	  the	  
experiments	  in	  an	  accurate	  and	  unbiased	  manner.
figure	  panels	  include	  only	  data	  points,	  measurements	  or	  observations	  that	  can	  be	  compared	  to	  each	  other	  in	  a	  scientifically	  
meaningful	  way.
graphs	  include	  clearly	  labeled	  error	  bars	  for	  independent	  experiments	  and	  sample	  sizes.	  Unless	  justified,	  error	  bars	  should	  
not	  be	  shown	  for	  technical	  replicates.
if	  n<	  5,	  the	  individual	  data	  points	  from	  each	  experiment	  should	  be	  plotted	  and	  any	  statistical	  test	  employed	  should	  be	  
justified

Please	  fill	  out	  these	  boxes	  	  (Do	  not	  worry	  if	  you	  cannot	  see	  all	  your	  text	  once	  you	  press	  return)

a	  specification	  of	  the	  experimental	  system	  investigated	  (eg	  cell	  line,	  species	  name).

C-‐	  Reagents

B-‐	  Statistics	  and	  general	  methods

the	  assay(s)	  and	  method(s)	  used	  to	  carry	  out	  the	  reported	  observations	  and	  measurements	  
an	  explicit	  mention	  of	  the	  biological	  and	  chemical	  entity(ies)	  that	  are	  being	  measured.
an	  explicit	  mention	  of	  the	  biological	  and	  chemical	  entity(ies)	  that	  are	  altered/varied/perturbed	  in	  a	  controlled	  manner.

the	  exact	  sample	  size	  (n)	  for	  each	  experimental	  group/condition,	  given	  as	  a	  number,	  not	  a	  range;
a	  description	  of	  the	  sample	  collection	  allowing	  the	  reader	  to	  understand	  whether	  the	  samples	  represent	  technical	  or	  
biological	  replicates	  (including	  how	  many	  animals,	  litters,	  cultures,	  etc.).

Each	  figure	  caption	  should	  contain	  the	  following	  information,	  for	  each	  panel	  where	  they	  are	  relevant:

2.	  Captions

The	  data	  shown	  in	  figures	  should	  satisfy	  the	  following	  conditions:

Source	  Data	  should	  be	  included	  to	  report	  the	  data	  underlying	  graphs.	  Please	  follow	  the	  guidelines	  set	  out	  in	  the	  author	  ship	  
guidelines	  on	  Data	  Presentation.

a	  statement	  of	  how	  many	  times	  the	  experiment	  shown	  was	  independently	  replicated	  in	  the	  laboratory.

Any	  descriptions	  too	  long	  for	  the	  figure	  legend	  should	  be	  included	  in	  the	  methods	  section	  and/or	  with	  the	  source	  data.

Please	  ensure	  that	  the	  answers	  to	  the	  following	  questions	  are	  reported	  in	  the	  manuscript	  itself.	  We	  encourage	  you	  to	  include	  a	  
specific	  subsection	  in	  the	  methods	  section	  for	  statistics,	  reagents,	  animal	  models	  and	  human	  subjects.	  	  

In	  the	  pink	  boxes	  below,	  provide	  the	  page	  number(s)	  of	  the	  manuscript	  draft	  or	  figure	  legend(s)	  where	  the	  
information	  can	  be	  located.	  Every	  question	  should	  be	  answered.	  If	  the	  question	  is	  not	  relevant	  to	  your	  research,	  
please	  write	  NA	  (non	  applicable).
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6.	  To	  show	  that	  antibodies	  were	  profiled	  for	  use	  in	  the	  system	  under	  study	  (assay	  and	  species),	  provide	  a	  citation,	  catalog	  
number	  and/or	  clone	  number,	  supplementary	  information	  or	  reference	  to	  an	  antibody	  validation	  profile.	  e.g.,	  
Antibodypedia	  (see	  link	  list	  at	  top	  right),	  1DegreeBio	  (see	  link	  list	  at	  top	  right).

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

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

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

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

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

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

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

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

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

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

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

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

18.	  Provide	  accession	  codes	  for	  deposited	  data.	  See	  author	  guidelines,	  under	  ‘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.	  As	  far	  as	  possible,	  primary	  and	  referenced	  data	  should	  be	  formally	  cited	  in	  a	  Data	  Availability	  section.	  Please	  state	  
whether	  you	  have	  included	  this	  section.

Examples:
Primary	  Data
Wetmore	  KM,	  Deutschbauer	  AM,	  Price	  MN,	  Arkin	  AP	  (2012).	  Comparison	  of	  gene	  expression	  and	  mutant	  fitness	  in	  
Shewanella	  oneidensis	  MR-‐1.	  Gene	  Expression	  Omnibus	  GSE39462
Referenced	  Data
Huang	  J,	  Brown	  AF,	  Lei	  M	  (2012).	  Crystal	  structure	  of	  the	  TRBD	  domain	  of	  TERT	  and	  the	  CR4/5	  of	  TR.	  Protein	  Data	  Bank	  
4O26
AP-‐MS	  analysis	  of	  human	  histone	  deacetylase	  interactions	  in	  CEM-‐T	  cells	  (2013).	  PRIDE	  PXD000208
22.	  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.

23.	  Could	  your	  study	  fall	  under	  dual	  use	  research	  restrictions?	  Please	  check	  biosecurity	  documents	  (see	  link	  list	  at	  top	  
right)	  and	  list	  of	  select	  agents	  and	  toxins	  (APHIS/CDC)	  (see	  link	  list	  at	  top	  right).	  According	  to	  our	  biosecurity	  guidelines,	  
provide	  a	  statement	  only	  if	  it	  could.
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All	  antibody	  catalog	  numbers	  are	  provided.

Only	  primary	  cells	  were	  used	  and	  characterized.

All	  information	  is	  included	  in	  the	  manuscript.

A	  statement	  is	  included	  in	  the	  manuscript.

We	  consulted	  the	  ARRIVE	  Guidelines	  Checklist.
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F-‐	  Data	  Accessibility

D-‐	  Animal	  Models
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