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1st Editorial Decision 8 August 2018 

Thank you for the submission of your manuscript to EMBO Molecular Medicine. I have now had 
the time to read your manuscript and the comments from the 2 referees whom we asked to evaluate 
your manuscript.  
 
As you will see from the reports below, both referees acknowledge the potential interest of the study 
but also agree that substantial revisions will be needed to fully support the conclusions. Therefore, 
addressing the reviewers' concerns in full will be necessary for further considering the manuscript in 
our journal. EMBO Molecular Medicine encourages a single round of revision only and therefore, 
acceptance or rejection of the manuscript will depend on the completeness of your responses 
included in the next, final version of the manuscript.  
 
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.  
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 and consult our author's guidelines for proper 
formatting of your revised article for EMBO Molecular Medicine.  
 
We look forward to receiving your revised manuscript. 
 
 
***** Reviewer's comments *****  
 
Referee #1 (Comments on Novelty/Model System for Author):  
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The analyses need to be performed at much earlier time points before overt damage through the 
intracerebral pressure occurs.  
 
Referee #1 (Remarks for Author):  
 
This manuscript addresses the pathogenesis of congenital hydrocephalus in Mpdz-/- mice. The 
authors nicely demonstrate that MRI contrast agents diffuse into cerebrospinal fluid (CSF) in -/- 
mice but not in +/+ controls. Also, the authors detect a higher protein content in CSF. Based on this 
they argue that hydrocephalus occurs by increased paracellular permeability at the choroid plexus. 
In contrast to a previous report in this journal they did not detect stenosis of the aqueduct. This is a 
highly interesting study. Mpdz has originally be described to be strongly expressed in epithelial cells 
of the choroid plexus. These cells form a tight barrier between blood plasma and CSF. Given the 
literature reports that Mpdz stabilizes cell-cell junctions, it is intriguing to conclude that 
hydrocephalus might be caused by increased flux of proteins and water across the blood-CSF 
barrier. As such, the pathogenesis would be through over-production of CSF. Little is known about 
this, but choroid plexus tumors can indeed cause hydrocephalus.  
 
The manuscript need very substantial revision to demonstrate that overproduction of CSF is the 
primary cause.  
 
1) A major problem with this study is that only mice with very pronounced hydrocephalus were 
analyzed. The authors report that mice did not live longer than 3 weeks and they analyzed 18 to 21-
days old mice. In this stage the intracranial is obviously excessively high. One cannot rule out that 
the subsequent damage on brain tissue (actually indicated by decreased metabolic activity in Fig. 1) 
and potentially also blood-brain-barrier and blood-CSF allow penetration of contrast agent and 
proteins into CSF irrespective of the primary cause. Therefore, the authors should provide more 
information when the hydrocephalus is first detectable and repeat the tracer experiments at these 
early time points.  
Can the authors measure the rate of CSF production in these mice?  
The same problem with EM data in Figure 7. This is really intriguing and supports the authors' 
hypothesis. However, such permeability changes need to be demonstrated at much earlier time 
points.  
 
2) Given the complexity in the in vivo setting the authors should try to demonstrate that deletion of 
Mpdz increases permeability of choroid plexus epithelial cells in vitro.  
 
3) The H&E staining suggests an open aqueduct of Sylvius. However, more functional analysis of 
CSF flux through the ventricular system would be needed to exclude stenosis.  
 
4) Figure 6: Why has only ZO-1 been analyzed? Mpdz binds to several TJ and AJ proteins and the 
literature suggests that loss of Mpdz does not lead to disassembly of junctions but rather to 
weakening. A detailed expression analysis of such proteins is needed otherwise such strong 
statements cannot be made.  
 
5). Figure 8: Data on the LDLR are preliminary. A functional assay should be performed to show 
that loss of MPDZ affects LDLR-mediated endocytosis.  
 
Minor comments:  
Figure 3/4/5: Please, state the age of the animals and number of animals analyzed.  
Figure 6/7: Number of biological replicates should be added.  
 
 
Referee #2 (Comments on Novelty/Model System for Author):  
 
The authors dissect the pathogenic mechanics of the MPDZ knockout mouse model of congenital 
human hydrocephalus. They neatly demonstrated the aberrant contrast enhancement in this model, 
suggesting a change in permeability of a structure in the ventricular system. Arguing for both an 
increase in the structure/permeability and an increase in secretory function of the choroid plexus, 
they then suggest ultrastructural changes in the choroid plexus and describe the proteomic 
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differences in the CSF composition of this hydrocephalus model. Overall, this would provide an 
important contribution to understanding the pathogenesis of hydrocephalus, but the mechanism is 
likely not as "straightforward" as described in the abstract. The choroid plexus may be involved in 
addition to other structures. The current interpretation of the results requires further experiments to 
support the conclusion. Major points to address include:  
 
Major concerns:  
 
1) Evidence to support altered transcytosis is not sufficient. EM images (TEM = transmission EM, 
not transmitted EM), may suffer from fixation problems, which commonly include formation of 
vacuoles. Quantification, sample numbers, ventricle location, and statistics are needed to make 
statements about junction length, for example. However as is, with the current approaches used and 
representative images shown, it is not possible to conclude that transcytosis is altered in this tissue. 
Classic approaches to examine transcytosis have not been used (e.g. Evans blue, HRP injections). 
Chow & Gu (Neuron 2017) provides one example on how some of these studies could be 
performed.  
 
2) Extensive evidence in the field demonstrates that the CSF is not a serum filtrate, and this is clear 
from any number of fine, contemporary reviews on the topic. In addition, given the novelty of 
proteomic CSF analysis in hydrocephalus, we have no reference point of comparison to understand 
the described characterizations and make a clear interpretation. How unique is the altered proteome 
to this model of hydrocephalus? Would hydrocephalus by any other mechanism also lead indirectly 
to heightened CSF ApoE and other protein expression (via elevated intracranial pressure or 
ventriculomegaly/distension, etc)? It seems the CSF is sampled after puncturing the lateral ventricle. 
This injury alone may induce changes in the CSF. Why not use a more conventional approach vetted 
by many groups for obtaining pure samples of CSF (e.g. DeMattos et al., J Neurochem 2002)?  
 
3) Which choroid plexus is used in analyses? The lateral ventricles are the most severely affected, 
but most images shown seem to represent morphology of the 3rd ventricle choroid plexus. The age 
of sample collections may also influence interpretation of results. It appears that samples are 
typically collected and analyzed around P18, but by this age, the hydrocephalus is extensive and the 
authors state that the mice are not viable past ~P21 (3 weeks). It seems that hydrocephalus that is 
this extensive and induces severe injury in the brain and its vasculature, would alter the interstitial 
fluid and CSF. Hence, it is unclear is the effects described in the present study are primary, 
secondary, tertiary....including earlier pre-symptomatic or early hydrocephalic samples to the study 
would be informative.  
 
4) What is the anatomical source of the contrast enhancement in Figure 4? The data suggests the 
choroid plexus might be a source, but the data presented shows a somewhat asymmetric contrast 
enhancement pattern (bottom of Figure 4B) and in other cases appears either highly focal and also in 
the aqueduct (top of Figure 4B). Given the presumed broad expression pattern of Mpdz, it is 
possible that alternative sources would include ependyma, circumventricular organs, or other 
potential areas of blood-brain barrier breakdown and vascular defects. Contrast enhancement might 
also suggest hemorrhage, which is not supported by the proteomic studies, but it would be 
worthwhile noting by presenting additional data regarding comparisons in content of basic serum 
proteins or albumin or by showing evidence for preserved vascularity of the choroid plexus. Lastly, 
what happens to contrast enhancement after 10min- does it dissipate in the CSF or persist in 
particular regions?  
 
5) Regarding the paracellular permeability mechanism and the presence of 23 new proteins in the 
CSF, what are the protein size and electrostatic charge comparisons? Do these proteins appear 
selected based on any criteria that could be more easily explained by ventricular permeability alone? 
What does the silver stain look like, and what is the typical CSF protein concentration in these 
samples?  
 
6) It is unclear why the authors think the Feldner 2017 Mpdz knockout mouse has aqueductal 
stenosis, in contrast to the Milner 2015 mouse model? The discrepancy suggests that some of the 
data may be unique to the Milner knockout model?  
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Minor concerns  
 
1) Why was PET imaging of the mice performed? There is no experimental justification for it as a 
starting experiment, and it does not offer any additional data that was not presented in the MRI data. 
This should be clarified or the data moved to supplemental information.  
 
2) Figure 3- what was the n number of mice?  
 
3) Figure 8 legend does not mention LDL-R  
 
4) Fig 3C mislabeled T2 and T1 in the legend. Fig4C legend also mislabeled T2 (should write T1)  
 
5) "weighted" is misspelled on page 7 and in the legend of Fig 4  
 
 
In its current form, I regret that I cannot support publication of this study as a short report in EMBO 
Molecular Medicine. 
 
 
1st Revision - authors' response 25 September 2018 

Responses to the Referees’ comments 
I thank the Referees for their constructive and insightful comments, for their promptness, and for 
their recognition of the significance and interesting nature of our study. The manuscript (MS) was 
revised by adding substantial new data from experiments we performed in response to the Referees’ 
comments, culminating in 15 new figure panels. The text was rewritten where necessary, including 
the Discussion, either in response to the Referees’ comments or in view of the new data. The text 
was revised also to mention the recent article of Fury et al., which reported four new hydrocephalus-
linked genes (Neuron vol. 99, pp. 1–13, July 2018). The new text was underlined to distinguish it 
from preexisting text. 
 
Referee 1 
1. The authors should provide more information when the hydrocephalus is first detectable and 
repeat the tracer experiments at these early time points. A major problem with this study is that only 
mice with very pronounced hydrocephalus were analyzed. The authors report that mice did not live 
longer than 3 weeks and they analyzed 18 to 21-days old mice. In this stage the intracranial is 
obviously excessively high. One cannot rule out that the subsequent damage on brain tissue 
(actually indicated by decreased metabolic activity in Fig. 1) and potentially also blood-brain-
barrier and blood-CSF allow penetration of contrast agent and proteins into CSF irrespective of the 
primary cause. Therefore, the authors should provide more information when the hydrocephalus is 
first detectable and repeat the tracer experiments at these early time points. 
 
Can the authors measure the rate of CSF production in these mice? 
 
The same problem with EM data in Figure 7. This is really intriguing and supports the authors' 
hypothesis. 
 
However, such permeability changes need to be demonstrated at much earlier time points. 
 
Responses: (A) The typical domed appearance of a hydrocephalus-harboring skull is apparent as 
early as P4, as shown in a new side-by-side comparison of pups at that age (Fig. 1A). (B) Though 
this is not stated in the MS, MR imaging of 3-week old pups is technically challenging. Since I 
prepared these pups for imaging together with my technician, I am intimately familiar with the 
experiment. It not only requires inserting a needle into the tail vein of a 3-week old pup (injecting 
the tail vein even of adult mice is considered a difficult task that requires training; see Groman and 
Reinhardt, J. Am. Assoc. Lab. Anim. Sci., vol. 43: pp. 35–38, 2004), but also keeping a catheter in 
place while the mouse is inserted into the bore of the MR machine, and throughout the imaging 
session that lasted more than 30 min, including the injection of the contrast medium which was done 
while the mouse was still in the machine. Furthermore, 3-week old hydrocephalus-harboring pups 
are about 35% smaller than their normal littermates (by weight, see Fig. 1B) to begin with. 



EMBO Molecular Medicine - Peer Review Process File 

 
© European Molecular Biology Organization 5 

Repeating this feat on a 2-week old Mpdz KO pup, for example, which weighs approximately 3.5 g, 
is practically impossible because the thinnest commercially-available syringe needle (gauge 34) is 
too thick to fit into its tail vein, and because its tail is too small for immobilizing a catheter. (C) To 
the best of my knowledge, the rate of CSF production in the mouse was reported for the first time 
only in June of this year (Steffensen et al., Nature Comm., vol. 9: pp 1-13, 2018). That study 
measured the flow rate of a fluorescent probe administered directly into the lateral ventricles as an 
indicator of CSF production. The study established that the Nkcc1 transporter located on the 
ventricle-facing surface of CP epithelial cells (CPECs) contributes significantly to CSF production. 
Therefore, we used its abundance as an indicator of CSF rate of production. Quantification of the 
new images we present in Fig. 10D shows that Nkcc1 is approximately 75 percent more abundant in 
the CP of KO mice. (D) We analyzed by TEM the epithelial cell junctions in the CP of P14 pups, 
provided the images as expanded view data (Fig EV1), and discussed the subtler differences 
observed at that age between the junctions of WT and KO mice. 
 
2. Given the complexity in the in vivo setting the authors should try to demonstrate that deletion of 
Mpdz increases permeability of choroid plexus epithelial cells in vitro. 
 
Response: We provide now (Fig. 7E) impedance measurements of human papilloma CPECs 
(hpCPECs; the same cells used by Feldner et al., who referred to them as HIBCPP) in which Mpdz 
was depleted by transduction with shRNA. The results show that after reaching plateau, the 
impedance of the control group remained approximately 42 percent higher than that of the cells 
transduced by Mpdz-targeting shRNA. (Comment on the use of hpCPECs: though we ran 
experiments on the abundances of LDLR and of cell junction proteins on primary hCPECs, we 
switched to hpCPECs to reduce the cost of the functional experiment. Primary hCPECs and their 
specialty media cost approximately $1000 per vial and can be passaged only up to 5 doublings; 
hpCPECs can be passaged more than 30 times. I believe that Feldner et al. used these cells for the 
same reason.) 
 
3. The H&E staining suggests an open aqueduct of Sylvius. However, more functional analysis of 
CSF flux through the ventricular system would be needed to exclude stenosis. 
 
Response: We present images (Fig. 5C) of Evans blue-injected WT and KO mice (the same 
technique used by Feldner et al.). They agree with the finding of Feldner et al. in regard to the 
presence of stenosis in the aqueduct. We revised the text accordingly. While, we don’t rule out the 
possible contribution of aqueduct stenosis to the generation of hydrocephalus, this finding is not in 
conflict with the pathophysiological mechanism we propose. 
 
4. Figure 6: Why has only ZO-1 been analyzed? Mpdz binds to several TJ and AJ proteins and the 
literature suggests that loss of Mpdz does not lead to disassembly of junctions but rather to 
weakening. A detailed expression analysis of such proteins is needed otherwise such strong 
statements cannot be made. 
 
Response: We expanded the comparison of the abundance of CPEC junction proteins to a total of 
three (ZO1, JAMC, and E-CADHERIN). While we provide quantitative analysis of new confocal 
immunofluorescence (IF) images of these proteins in the CP (Fig. 6A-C), we opted also to use 
immunoblotting (IB) of MPDZ-depleted hCPECs for the same purpose, because is it more amenable 
to quantification (Fig. 6D), and because the amount of tissue in the CP of a 3-week old mouse is too 
small for IB. The IF and IB-based quantifications were in agreement with each other. 
 
5. Figure 8: Data on the LDLR are preliminary. A functional assay should be performed to show 
that loss of MPDZ affects LDLR-mediated endocytosis. 
 
Response: We compared LDLR endocytosis in MPDZ-depleted and in control hCPECs. 
Quantitative comparison of IF images (Fig. 9D) showed that LDLR was overabundant both on the 
surface and postendocytosis in MPDZ-deficient cells. 
 
Minor comments: 
Figure 3/4/5: Please, state the age of the animals and number of animals analyzed. 
 
Figure 6/7: Number of biological replicates should be added. 
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Response: We added this information as suggested. 
 
 
Referee 2 
1. Evidence to support altered transcytosis is not sufficient. EM images (TEM = transmission EM, 
not transmitted EM), may suffer from fixation problems, which commonly include formation of 
vacuoles. Quantification, sample numbers, ventricle location, and statistics are needed to make 
statements about junction length, for example. However as is, with the current approaches used and 
representative images shown, it is not possible to conclude that transcytosis is altered in this tissue. 
Classic approaches to examine transcytosis have not been used (e.g. Evans blue, HRP injections). 
Chow & Gu (Neuron 2017) provides one example on how some of these studies could be performed 
 
Response: I thank the reviewer for suggesting the protocol of Chow & Gu. We followed it and 
probed the CP of WT and KO mice by TEM. The new images (Fig. 8) show that the number of 
endocytose DAB particles was approximately 6-fold higher in the CPECs of Mpdz KO mice. 
 
2. Extensive evidence in the field demonstrates that the CSF is not a serum filtrate, and this is clear 
from any number of fine, contemporary reviews on the topic. In addition, given the novelty of 
proteomic CSF analysis in hydrocephalus, we have no reference point of comparison to understand 
the described characterizations and make a clear interpretation. How unique is the altered 
proteome to this model of hydrocephalus? Would hydrocephalus by any other mechanism also lead 
indirectly to heightened CSF ApoE and other protein expression (via elevated intracranial pressure 
or ventriculomegaly/distension, etc)? It seems the CSF is sampled after puncturing the lateral 
ventricle. This injury alone may induce changes in the CSF. Why not use a more conventional 
approach vetted by many groups for obtaining pure samples of CSF (e.g. DeMattos et al., J 
Neurochem 2002)? 
 
Response: (A) The Referee’s point is well-taken. We removed the misleading first sentence of this 
section. Indeed, we attribute the overabundance of proteins in the CSF of the KO mice to increased 
transcytosis, not to an increase in paracellular permeability. (B) I thank the Referee for recognizing 
the novelty of our CSF proteomic analysis. Isn’t absence of reference an inescapable consequence of 
novelty? However, we noted that out of the 313 proteins we identified, 295 had been detected in 3 
previous studies on the CSF composition in the mouse. We interpreted the results by grouping 
functionally the 23 overabundant proteins in the CSF of KO mice. We discussed the significance of 
each group and suggested that “their overabundance is part of a multifaceted physiological response 
to the stress imposed on the brain by the expanding hydrocephalus”. We hope that our data will 
serve as reference for future studies. I should point out, however, that at least one study (Finehout et 
al., Electrophoresis 2004, 25, 2564–2575) compared CSF of hydrocephalic patients and healthy 
subjects. However, Finehut et al. resolved the CSF by 2D gel chromatography and analyzed by 
mass-spectroscopy material extracted from gel spots, possibly reducing the detection sensitivity. 
Consequently, they detected only 82 proteins. We cite this reference in the revised MS. (C) I thank 
the Referee for supplying the above references. We extracted CSF through the cisterna magna of 
WT and KO mice and analyzed their proteomes. The differences between the CSF of WT and KO 
mice were of the same nature as between the previous CSF samples, i.e., overabundance of proteins 
in the CSF of KO mice, frequently of the same proteins as in the previous samples. We attribute the 
similarity of the compositions of the CSF samples extracted by the two methods to the careful 
technique we had used in the first round of experiments, and the minimal damage it incurred. 
 
3. Which choroid plexus is used in analyses? The lateral ventricles are the most severely affected, 
but most images shown seem to represent morphology of the 3rd ventricle choroid plexus. The age 
of sample collections may also influence interpretation of results. It appears that samples are 
typically collected and analyzed around P18, but by this age, the hydrocephalus is extensive and the 
authors state that the mice are not viable past ~P21 (3 weeks). It seems that hydrocephalus that is 
this extensive and induces severe injury in the brain and its vasculature, would alter the interstitial 
fluid and CSF. Hence, it is unclear is the effects described in the present study are primary, 
secondary, tertiary....including earlier pre-symptomatic or early hydrocephalic samples to the study 
would be informative. 
 
Response: Aside from the section shown in Fig. 6A, all the CP samples of KO mice were from the 
lateral ventricles. As seen in Fig. 5A and 5B, the 3rd ventricle CP is small and easy to miss. While 
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we interpret the composition of overabundant proteins in the CSF of the KO mouse as a stress 
response, we did not detect lesions, necrotic tissue, or bleeding in the brain parenchyma of KO mice 
at any age. We believe, therefore, that it is unlikely that brain injury contributed to the differences 
we identified in the CSF compositions of WT and KO mice. This argument was added to the Results 
section on CSF analysis. 
 
4. What is the anatomical source of the contrast enhancement in Figure 4? The data suggests the 
choroid plexus might be a source, but the data presented shows a somewhat asymmetric contrast 
enhancement pattern (bottom of Figure 4B) and in other cases appears either highly focal and also 
in the aqueduct (top of Figure 4B). Given the presumed broad expression pattern of Mpdz, it is 
possible that alternative sources would include ependyma, circumventricular organs, or other 
potential areas of blood-brain barrier breakdown and vascular defects. Contrast enhancement 
might also suggest hemorrhage, which is not supported by the proteomic studies, but it would be 
worthwhile noting by presenting additional data regarding comparisons in content of basic serum 
proteins or albumin or by showing evidence for preserved vascularity of the choroid plexus. Lastly, 
what happens to contrast enhancement after 10min- does it dissipate in the CSF or persist in 
particular regions? 
 
Response: (A) The anatomical source of the contrast medium had been highlighted in Fig. 4A and 
magnified in the insets in Fig. 4B. The clear fit between the locations of the CP in the T2-weighted 
images and the contract medium brighter regions in the T1-weighted images leaves little doubt that 
the origin of the contrast medium is the CP. We revised the text of the legend to clarify this 
observation. (B) I thank the reviewer for suggesting a comparison of the serum albumin abundances 
in WT and KO CSF as a measure of BBB breakdown in the CP of the latter. There was no 
statistically significant difference between the WT and KO abundances of serum albumin as well as 
of three other serum proteins, ruling out breach of the BBB. This point was added to the text. We 
had presented TEM images of WT and KO CP capillaries to show they are morphologically similar. 
To strengthen this statement, we added magnified fields of the intercellular junctions and the 
fenestrae that are typical to these vessels. (Fig. EV2). (C) I am unable to respond to this question 
because we ended the MR imaging 10 min after the injection of contrast medium. The 
hydrocephalus-harboring pups were smaller by a 1/3 than their normal littermates. The T1-wighted 
contrast medium imaging followed 20 min of T2-weighted imaging of brain morphology. We were 
concerned that these pups will not survive a lengthy anesthesia and the other stresses involved in 
this experiment. Death of a mouse even at the very end of the 10 min T1-wighted contrast medium 
imaging would nullify the whole experiment and impede our overall progress because of the scarcity 
of KO mice. 
 
5. Regarding the paracellular permeability mechanism and the presence of 23 new proteins in the 
CSF, what are the protein size and electrostatic charge comparisons? Do these proteins appear 
selected based on any criteria that could be more easily explained by ventricular permeability 
alone? What does the silver stain look like, and what is the typical CSF protein concentration in 
these samples?  
 
Response: (A) We added the isoelectric points of all the proteins that were overabundant in the CSF 
of Mpdz KO mice to Table 1. (B) The possible connection between the condition of hydrocephalus 
and the identity of the overabundant CSF proteins had been discussed at length in the first version of 
the MS and in the current version. The sizes of these proteins range from 5 kDa (thymosin b-10) up 
to 509 kDa (apolipoprotein B-100) (Appendix Table A1). (C) We did not test the barrier function of 
the ependyma, but it is very unlikely to account for the protein overabundance in the CSF of Mpdz-/- 
mice because Feldner et al., who used a very similar mouse model, reported that the ependymal tight 
junctions were morphologically normal. Though the pore size of tight junctions is not uniform, 
normally even the smallest CSF proteins are too large to pass through them (Shen et al., Annu. Rev. 
Physiol. 2011. 73:283–309). The most likely route of the CSF proteins is transcytosis, as discussed 
in the revised Results section. (D) The CSF was not resolved by SDS-PAGE. It underwent liquid 
chromatography followed directly by mass-spectroscopy, as described in the Methods section. (E) 
The mean protein concentrations in the CSF of WT and KO mice were 4.4 and 11.1 µg/mL, 
respectively, as shown in Fig. 10A of the revised MS. 
 
6. It is unclear why the authors think the Feldner 2017 Mpdz knockout mouse has aqueductal 
stenosis, in contrast to the Milner 2015 mouse model? The discrepancy suggests that some of the 
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data may be unique to the Milner knockout model? 
 
Response: Feldner et al. 2017 stated several times that the aqueduct of Mpdz KO mice was stenotic 
after P3. Their conclusion is based on tracking the flow of Evans blue dye injected into the right 
lateral ventricle, as shown in their Fig. 4A. Our new images of brains of WT and KO mice that 
underwent the same procedure agree with their findings (Fig. 5C). We revised the text accordingly. 
While, we don’t rule out the possible contribution of aqueduct stenosis to the generation of 
hydrocephalus, this finding is not in conflict with the pathophysiological mechanism we propose. 
 
Minor concerns 
 
1. Why was PET imaging of the mice performed? There is no experimental justification for it as a 
starting experiment, and it does not offer any additional data that was not presented in the MRI 
data. This should be clarified, or the data moved to supplemental information. 
 
Response: While PET does not achieve the sharp delineation between solid tissue and CSF that MRI 
provides, it distinguishes between glucose-consuming live tissue and non-cellular material. The 
observed match between the PET signal and the MR-resolved brain morphology shows that the MR-
detected solid brain material was live brain parenchyma rather than necrotic tissue. We added text to 
this effect in order to explain the rationale of PET imaging. We believe that this information is 
significant because it rules out wide-spread tissue breakdown as an explanation of the large 
difference between the CSF compositions in WT and KO mice. 
 
2. Figure 3- what was the n number of mice? 
 
Response: Each row of one T2 and two T1-weighted MR images corresponds to one mouse. The 
same applies to Fig. 4. We clarified this in the legends of Figs. 3 and 4. 
 
3. Figure 8 legend does not mention LDL-R 
 
Response: We corrected this mistake. 
 
4. Fig 3C mislabeled T2 and T1 in the legend. Fig4C legend also mislabeled T2 (should write T1) 
 
Response: We corrected these mistakes. 
 
5. "weighted" is misspelled on page 7 and in the legend of Fig 4 
 
Response: We corrected these mistakes. 
I thank the Referee for bringing to our attention these minor yet disconcerting mistakes. 
 
 
2nd Editorial Decision 24 October 2018 

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 are addressed. Please provide a 
letter detailing your revision. 
 
Please submit your revised manuscript within two weeks. I look forward to seeing a revised form of 
your manuscript as soon as possible.  
 
I look forward to reading a new revised version of your manuscript as soon as possible. 
 
 
2nd Revision - authors' response 6 November 2018 

Referee 1: 
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The authors have addressed most of my comments in a satisfactory manner. I understand that the 
technical difficulties preclude some of the studies in younger animals. 
 
Response: I appreciate the Referee’s consideration of the technical limits I had described in my 
previous point-by-point reply. 
 
Referee 2: 
The authors have made remarkable revisions to the original manuscript and taken steps to address 
concerns raised, which substantially strengthen their study. 
 
It would be preferable for analyses of the transcytosis and immunostaining to be performed at much 
earlier ages, as suggested, so at late embryonic or early postnatal ages when the hydrocephalus first 
presents in mice. That said, the work, time, and breeding schemes required for replicating these 
studies in younger animals at this point may not be feasible. Hopefully, the authors will consider this 
suggestion in future studies/analyses of these mice and will include this point in the discussion. 
 
Response: I appreciate the Referee’s recognition of the work my lab and collaborators invested in 
the study. The Referee’s point in regard to earlier time points is well-noted and will be one of our 
short-term objectives. 
 
This reviewer is not convinced that the authors have thoroughly examined the anatomical locations 
of choroid plexuses used for their experiments. In the revision, they state that the majority of images 
are from the lateral ventricle choroid plexus. This does not seem consistent with the images as 
presented. For example, the current Figure 4 choroid plexus looks to be from the 3rd ventricle. 
 
Response: The Referee is correct in identifying the images of the CP shown in Fig. 4A as coming 
from the 3rd ventricle. This is exactly what I stated in my previous point-by-point reply. All the 
other images of Mpdz+/+ and Mpdz-/- CPs were from the lateral ventricles. To clarify this point, the 
location of all the CP samples shown the in MS are identified in the revised text and figure legends. 
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� 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?
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  checklist	
  is	
  used	
  to	
  ensure	
  good	
  reporting	
  standards	
  and	
  to	
  improve	
  the	
  reproducibility	
  of	
  published	
  results.	
  These	
  guidelines	
  are	
  
consistent	
  with	
  the	
  Principles	
  and	
  Guidelines	
  for	
  Reporting	
  Preclinical	
  Research	
  issued	
  by	
  the	
  NIH	
  in	
  2014.	
  Please	
  follow	
  the	
  journal’s	
  
authorship	
  guidelines	
  in	
  preparing	
  your	
  manuscript.	
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YOU	
  MUST	
  COMPLETE	
  ALL	
  CELLS	
  WITH	
  A	
  PINK	
  BACKGROUND	
  ê

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.

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.

	
  

In	
  the	
  pink	
  boxes	
  below,	
  please	
  ensure	
  that	
  the	
  answers	
  to	
  the	
  following	
  questions	
  are	
  reported	
  in	
  the	
  manuscript	
  itself.	
  
Every	
  question	
  should	
  be	
  answered.	
  If	
  the	
  question	
  is	
  not	
  relevant	
  to	
  your	
  research,	
  please	
  write	
  NA	
  (non	
  applicable).	
  	
  
We	
  encourage	
  you	
  to	
  include	
  a	
  specific	
  subsection	
  in	
  the	
  methods	
  section	
  for	
  statistics,	
  reagents,	
  animal	
  models	
  and	
  human	
  
subjects.	
  	
  

definitions	
  of	
  statistical	
  methods	
  and	
  measures:

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.).

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.

Please	
  fill	
  out	
  these	
  boxes	
  ê	
  (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).

Based	
  on	
  initial	
  sample	
  variance,	
  we	
  increased	
  sample	
  size	
  to	
  test	
  the	
  statistical	
  significance	
  of	
  
inter-­‐group	
  difference,	
  so	
  that	
  the	
  probability	
  of	
  the	
  null	
  hypothesis,	
  P,	
  is	
  equal	
  to	
  or	
  smaller	
  than	
  
0.05.

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

the	
  exact	
  sample	
  size	
  (n)	
  for	
  each	
  experimental	
  group/condition,	
  given	
  as	
  a	
  number,	
  not	
  a	
  range;

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

2.	
  Captions

A	
  thumb	
  rule	
  of	
  a	
  minimum	
  of	
  three	
  individuals	
  was	
  used.	
  

We	
  excluded	
  outliers	
  if	
  they	
  were	
  1.5X	
  the	
  interquartile	
  difference	
  (between	
  the	
  medians	
  of	
  the	
  
upper	
  and	
  lower	
  halves	
  of	
  the	
  data	
  set)	
  above	
  the	
  top	
  median	
  or	
  below	
  to	
  bottom	
  median	
  (Tukey's	
  
fence).	
  This	
  applied	
  only	
  to	
  Fig.	
  7D.

Samples	
  were	
  deidentified	
  so	
  that	
  the	
  operator	
  of	
  the	
  experiment	
  did	
  not	
  know	
  their	
  genotypes.

Manuscript	
  Number:	
  	
  EMM-­‐2018-­‐09540

All	
  statistical	
  tests	
  were	
  appropriate	
  to	
  the	
  questions	
  they	
  were	
  meant	
  to	
  answer.

All	
  data	
  sets	
  were	
  tested	
  for	
  normal	
  disribution	
  by	
  the	
  Origin	
  application.

Standard	
  deviations	
  were	
  calculated	
  for	
  all	
  data	
  groups.

Yes,	
  except	
  for	
  the	
  control	
  groups	
  in	
  densitometry	
  measurements,	
  which	
  were	
  set	
  to	
  1.

Within	
  each	
  genotype,	
  the	
  inclusion	
  of	
  gender	
  and	
  of	
  individual	
  mice	
  was	
  random.

Sample	
  identity	
  was	
  masked	
  during	
  data	
  quantification	
  of	
  immunofluorescence	
  images	
  or	
  of	
  
immunoblot	
  bands.	
  

Blinding	
  of	
  investigators	
  was	
  not	
  possible	
  because	
  the	
  hydrocephalic	
  mice	
  were	
  too	
  conspicuous.

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.



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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

19.	
  Deposition	
  is	
  strongly	
  recommended	
  for	
  any	
  datasets	
  that	
  are	
  central	
  and	
  integral	
  to	
  the	
  study;	
  please	
  consider	
  the	
  
journal’s	
  data	
  policy.	
  If	
  no	
  structured	
  public	
  repository	
  exists	
  for	
  a	
  given	
  data	
  type,	
  we	
  encourage	
  the	
  provision	
  of	
  
datasets	
  in	
  the	
  manuscript	
  as	
  a	
  Supplementary	
  Document	
  (see	
  author	
  guidelines	
  under	
  ‘Expanded	
  View’	
  or	
  in	
  
unstructured	
  repositories	
  such	
  as	
  Dryad	
  (see	
  link	
  list	
  at	
  top	
  right)	
  or	
  Figshare	
  (see	
  link	
  list	
  at	
  top	
  right).

20.	
  Access	
  to	
  human	
  clinical	
  and	
  genomic	
  datasets	
  should	
  be	
  provided	
  with	
  as	
  few	
  restrictions	
  as	
  possible	
  while	
  
respecting	
  ethical	
  obligations	
  to	
  the	
  patients	
  and	
  relevant	
  medical	
  and	
  legal	
  issues.	
  If	
  practically	
  possible	
  and	
  compatible	
  
with	
  the	
  individual	
  consent	
  agreement	
  used	
  in	
  the	
  study,	
  such	
  data	
  should	
  be	
  deposited	
  in	
  one	
  of	
  the	
  major	
  public	
  access-­‐
controlled	
  repositories	
  such	
  as	
  dbGAP	
  (see	
  link	
  list	
  at	
  top	
  right)	
  or	
  EGA	
  (see	
  link	
  list	
  at	
  top	
  right).

21.	
  Computational	
  models	
  that	
  are	
  central	
  and	
  integral	
  to	
  a	
  study	
  should	
  be	
  shared	
  without	
  restrictions	
  and	
  provided	
  in	
  a	
  
machine-­‐readable	
  form.	
  	
  The	
  relevant	
  accession	
  numbers	
  or	
  links	
  should	
  be	
  provided.	
  When	
  possible,	
  standardized	
  
format	
  (SBML,	
  CellML)	
  should	
  be	
  used	
  instead	
  of	
  scripts	
  (e.g.	
  MATLAB).	
  Authors	
  are	
  strongly	
  encouraged	
  to	
  follow	
  the	
  
MIRIAM	
  guidelines	
  (see	
  link	
  list	
  at	
  top	
  right)	
  and	
  deposit	
  their	
  model	
  in	
  a	
  public	
  database	
  such	
  as	
  Biomodels	
  (see	
  link	
  list	
  
at	
  top	
  right)	
  or	
  JWS	
  Online	
  (see	
  link	
  list	
  at	
  top	
  right).	
  If	
  computer	
  source	
  code	
  is	
  provided	
  with	
  the	
  paper,	
  it	
  should	
  be	
  
deposited	
  in	
  a	
  public	
  repository	
  or	
  included	
  in	
  supplementary	
  information.

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

C-­‐	
  Reagents

D-­‐	
  Animal	
  Models

E-­‐	
  Human	
  Subjects

Human	
  choroid	
  plexus	
  epithelial	
  cells	
  are	
  from	
  ScienceCell	
  Research	
  Laboratories,	
  tested	
  by	
  
antibodies	
  to	
  cytokeratin-­‐18,	
  -­‐19	
  and	
  vimentin;	
  tested	
  for	
  mycoplamsa	
  contamination;	
  human	
  
choroid	
  plexus	
  papilloma	
  cells	
  are	
  from	
  Dr.	
  Horst	
  Schroten,	
  Manheim	
  University,	
  Germany

	
  MPDZ	
  Poliak	
  et	
  al.,	
  J	
  Cell	
  Biol.,	
  vol.	
  159,	
  pp.	
  361-­‐72,	
  2002;	
  ZO1	
  Invitrogen	
  40-­‐2200;	
  E-­‐cadherin	
  
(CDH1)	
  eBiosciences	
  50-­‐3249-­‐80;	
  claudin-­‐5	
  ThermoFisher	
  352588;	
  LDLR	
  Sigma	
  SAB3500286;	
  
NKCC1	
  Cell	
  Signaling	
  Tech	
  85403T;	
  E-­‐cadherin,	
  BD	
  Transduction	
  Labs	
  610181.

C57BL/6J	
  mice	
  of	
  both	
  genders	
  were	
  used	
  between	
  P0	
  and	
  P21.	
  From	
  Dr.	
  Kari	
  Buck,	
  Oregon	
  Health	
  
Sciences	
  University;	
  mutant	
  mice	
  were	
  generated	
  by	
  Bay	
  Genomics	
  as	
  gene-­‐trap	
  model	
  
MpdzGt(XG734)Byg.	
  The	
  mutation	
  is	
  G510Vfs*19.	
  Mice	
  were	
  housed	
  at	
  the	
  Thomas	
  Jefferson	
  
University	
  and	
  supervised	
  daily	
  by	
  the	
  Office	
  of	
  Animal	
  Resources	
  in	
  ventilated	
  cages.

Animal	
  use	
  protocols	
  are	
  approved	
  by	
  the	
  Institutional	
  Animal	
  Care	
  &	
  Use	
  Committee	
  and	
  
renewed	
  annually.	
  Thomas	
  Jefferson	
  University	
  is	
  accredited	
  by	
  the	
  Association	
  for	
  Assessment	
  
and	
  Accreditation	
  of	
  Laboratory	
  Animal	
  Care.

G-­‐	
  Dual	
  use	
  research	
  of	
  concern

F-­‐	
  Data	
  Accessibility

Absolutely	
  not.

Proteomics	
  data	
  of	
  CSF	
  from	
  normal	
  and	
  hydrocephalic	
  will	
  be	
  deposited	
  to	
  the	
  PRIDE	
  repository	
  
of	
  the	
  EMBL


