Reviewer 3
Major Concerns:

1. While I will not argue about the LY assay itself as it is established protocol and validation already described previously, my concerns are related to the method validation following the transfection that is not strong enough. The authors didn't validate their data following the transfection with another assay or permeability marker such as TEER measurement and/or inulin.
We thank the reviewer for this suggestion. We have included new western blot data reporting expression of ZO-1, a tight junction protein (Figure 3) to orthogonally confirm the changes in LY apparent permeability. We noted a clear increase in ZO-1 expression on days 3, 5, 7-post culture. In addition, the ZO-1 expression was lower on day-10 post-culture and cells incubated in calcium-free growth medium showed a marked reduction in ZO-1 expression. 
We would like to reiterate that the central focus of this manuscript is to present a LY assay to determine the apparent permeability (Papp) of LY. We reported data from the transfection experiment only as an additional utility of the assay to determine LY Papp in transfected cells. So, the orthogonal western blotting technique was used to complement data from the LY Papp assay in cultured  cell monolayers. It should be noted that TEER values can be influenced by experimental variables such as the type of proteins used for extracellular matrix coating, culture medium and the type of measurement instrument. A likely combination of these factors leads to a broad distribution of TEER values ranging from 2 to 1150 Ω cm2 in the hCMEC/D3 cell line cultured for 2-21 days [1].
2. I am not sure why the authors are relating the transfection results to the validity of LY assay. The issues associated with transfection are not related the type of permeability marker (LY, inulin, sucrose, TEER…etc) as much as the nature of transfection vehicles that necessitate the use of polymers. Cells exposure to PEG or Pluronic or others can decrease cells intactness and thus increase the permeability marker transport, any permeability marker.
We thank the reviewer for this comment and apologize that this was not made clearer in the manuscript. The reviewer is right that relating the transfection results to the validity of the LY assay is not appropriate. However, as noted under (1), the central focus of this manuscript is to use the LY assay to determine the apparent permeability of LY. We reported data from the transfection experiment as an additional utility of the reported assay to determine LY Papp in transfected cells. We further would like to emphasize that LY Papp data from the transfected cells are only an extended application of the developed assay but does not independently validate the assay itself.
3. The robustness validation of the LY assay following transfection is not strong enough. The authors performed the LY permeability only on 4 wells (lines 546-552). A onetime experiment with 4 wells is not enough to conclude robustness and validity. In addition, another permeability marker and/or TEER measurements should be assessed.
The reviewer is right that this is a onetime experiment with four wells, but we conducted the experiment for a total of four independent runs to ensure the results were stable and accurate. The data presented in the manuscript is representative of our observations. We have included new data reporting ZO-1 expression detected via western blotting (Figure 3) to orthogonally confirm the changes in LY apparent permeability. We noted a clear increase in ZO-1 expression on days 3, 5, 7-post culture. In addition, the ZO-1 expression was lower on day-10 post-culture and cells incubated in calcium-free growth medium showed a marked reduction in ZO-1 expression. We would also like to emphasize that the central focus of this manuscript is to use the LY assay to determine the apparent permeability of LY. We reported data from the transfection experiment as an additional utility of the reported assay to determine LY Papp in transfected cells. So, the orthogonal western blotting technique was used to complement data from the LY Papp assay. It should be noted that TEER values can be influenced by experimental variables such as the type of proteins used for extracellular matrix coating, culture medium and the type of measurement instrument. A likely combination of these factors leads to a broad distribution of TEER values ranging from 2 to 1150 Ω cm2 in the hCMEC/D3 cell line cultured for 2-21 days [1].
4. Also, for validation that monolayer was not affected by the transfection, a dose dependent as well as time dependent effect of amount of polymer on LY permeability is necessary. Showing such profiles are important. Transfection of some proteins may require more than 4 hours that was used by the authors, thus time dependent studies are necessary. 
We thank the reviewer for this comment and apologize that this was not clear in the manuscript. As described in the earlier responses, we reported data from the transfection experiment as an additional utility of the reported assay to determine LY Papp in transfected cells. We certainly agree that a dose as well as time-dependent effects of polymer can be useful information, and we would like to point out that those data are the subject of a future manuscript. The reviewer is also right that transfection of some genes may take longer than 4 hours and in this particular case, we have used luciferase as a model reporter gene to demonstrate that the presented assay is a useful tool to determine changes in LY Papp in transfected BBB monolayers. It should be pointed out that luciferase gene transfection is typically done for 4 h [2-5].

5. I am not sure what is the importance of calculating recovery% post seeding. The added LY will distribute between apical and basolateral sides and the recovery won't change regardless how much in the apical or basolateral. How recovery is relevant to permeability? Further clarification is required.
[bookmark: _Hlk530514151]Recovery% is an important and useful parameter in the LY assay. For example, if cells metabolized most of the added LY, LY is immobilized in cells or sticks to the cell membrane or if LY degrades during incubation, it would be inaccurate to interpret that the observed low LY signal in basolateral compartment indicates a tight barrier. Thus, LY recovery% gives more confidence that we did not lose significant amount of LY owing to one or more of the above possibilities and allows to confidently estimate LY Papp values. This has been now clarified in the manuscript on lines 533-539.
6. The number of cells continue to increase up to day 10, shouldn't this be associated with stricter LY permeability? Please explain.
[bookmark: _Hlk531088588]Thank you for making this comment. The hCMEC/D3 cells were seeded on a collagen-coated tissue culture plate and not on Transwell inserts for the cell growth kinetics experiment. This was done to ensure regular growth kinetics similar to what we observe in a collagen-coated tissue culture flask and also allow us to microscopically track the changes in cell number. It should be noted that the LY permeability studies were conducted in collagen-coated Transwell inserts. The reasons for the observed discrepancy between growth kinetics in the tissue culture plate and LY permeability in the Transwell insert can be explained as follows. Despite the collagen-coating, tissue culture plates and Transwell inserts have different basal (initial) surfaces and we posit that the inserts may show a combination of faster growth kinetics and earlier maturation of cell junctions compared to a tissue culture plate/well. As an orthogonal piece of evidence, published literature have reported a decrease in TEER value to about 30-1500 Ω*cm2 after 2-3 culture days with increase in cell numbers [6, 7].  
In figure 1a, on day 1 post-seeding, the mean Papp was the highest (4.25×10-4 cm/min), indicating the cells, which attached on the microporous membrane did not form a tight barrier to prevent LY paracellular transport. The mean Papp values decreased on day 2 and stayed constant until day 6. This likely suggests that the actin cytoskeleton accumulated in the areas of cell-cell contacts while continually assembling nascent TJ proteins [8-10]. The LY Papp dropped on day 7 and remained stable until day 10. This likely suggests that the organized TJ proteins formed mature apical junctional complex and sealed the paracellular diffusional pathway between the cells. 
Minor Concerns:
1. Transfection is section 6 not 5, modify across the manuscript (example line 429)
Thank you, this has now been changed.
2. Revise figures as the numbering is not accurate within the text mainly under section "Transfection activity of DNA NPs in hCMEC/D3 monolayers" (Fig. 3 & 4).
Thank you, this has now been fixed.
3. Scheme 1 a & b do not exist. Only scheme 1.
Thank you, this has now been changed.
 4. The equation (line 312) is not accurate: VA below should be VB: = /(0) × (Δ/Δ)
Thank you; this has now been changed on line 331.
 or
5. Lines 319-320: the authors description of Δ/Δ is not correct. They described it as the change of mass over time in the basolateral compartment the change of mass over time in the apical compartment. This is not clear, C is not a mass and there is no apical in this term.
Thank you, this has now been changed.
6. The authors said (lines 368-369): for each Transwell insert/each well in a 48-well plate/each well in a 96-well plate, prepare DNA NP at N/P…etc. What is the surface area of the transwell?
The surface area of the Transwell is 0.3cm2, this information is now included on line 394.
7. LY permeation is not "inhibited" rather "restricted", revise accordingly.
Thank you for the suggestion, we have changed this in the text on line 541.
Reviewer 4
Major Concerns:
1. In order to demonstrate that the described Lucifer Yellow assay is indeed a "robust permeability marker", the authors should consider testing a different cell source side-by-side, either using another brain endothelial cell line, or a peripheral (non-brain) endothelial cell line which is expected to be leakier, or an entirely unrelated cell type that does not form tight junctions. Alternatively, if such cell sources are not accessible to the authors, manipulation of hCMEC/D3 cells of some sort could be considered, such as changing the media composition or treating cells with a physiological stimulus such as pro-inflammatory cytokines.
Thank you for your suggestion. We would like to point out that we had originally included data on calcium-depleted cells that was performed by changing the media composition (Figure 4a). Extracellular calcium is a critical component for the maintenance of cell-cell junctions in various cell types [11-13], including the brain microvessel endothelial cells. It has been reported that the junctional permeability in native rabbit esophageal epithelium was increased during calcium depletion [14]. In figure 4a, the LY Papp value in calcium-depleted cells was significantly higher than cells treated with regular growth medium and close to the Papp value of cell-free inserts, suggesting that the calcium-depleted cells had lost their barrier properties resulting in higher LY Papp values. The results of the western blot (newly included in Figure 3) also corroborate that the calcium-depleted cells had lost their barrier properties resulting in lower expression of the tight junction marker ZO-1, compared to cells treated with regular growth medium.
2. It is concerning that a fully functional hCMEC/D3 monolayer cuts Papp values only in half compared to Transwells without cells (Fig. 3a). This would imply that hCMEC/D3 cells are a very leaky BBB model. Please provide insights, potentially from comparative studies in the literature.
This is a valid concern and we would like to clarify. The Papp value we reported is within the typical range (2.7-11.7 × 10-6 cm/s) for hCMEC/D3 cells cultured on a PET membrane with a 3.0 μm pore size [6, 15, 16]. It is also worth mentioning that molecular mass of the permeability marker, (LY here) and stirring speed are critical factors that influence the measured Papp value. While the reviewer is right that the hCMEC/D3 cells are not the tightest BBB model, it is still an acceptable and useful BBB model [17, 18]. The hCMEC/D3 cell line is considered as an appropriate immortalized human endothelial cell line [1] because this cell line retains most of the morphological and functional properties of brain endothelial cells, even without cocultured  glial cells [18, 19], and they express multiple BBB markers including active transporters and receptors [18, 20].  
3. The authors often emphasize that monitoring cell morphology is key, and that formation of tight junctions mediates the decrease of Papp values over time (Fig. 2), or its increase when calcium is depleted from the medium, thereby de-stabilizing tight junctions (Fig. 3a). Accompanying immunocytochemistry images of a representative tight junction molecule, for instance Occludin or Claudin-5, would further strengthen the authors' conclusion, and validate the hCMEC/D3 as BBB model. This is particularly important for this study since the authors frequently refer to proper tight junction formation as mediators for Papp values, but no direct evidence is provided.
Thank you and we agree that this is a very good point. We have now added data from a western blotting study (Figure 3) demonstrating changes in expression of a tight junction marker, ZO-1, to complement data from the LY Papp studies. We believe that the newly included data using an orthogonal technique concurs well with the changes in LY Papp values over culture time and overall, strengthens the paper’s conclusions. While immunocytochemistry (ICC) images could show the expression of ZO-1 on the cell membrane, ICC data is not amenable for quantification. We therefore used western blotting to detect changes in ZO-1 protein expression and have used band densitometry analysis to quantify the data.
[bookmark: _Hlk530522310]4. Some steps in the procedures are overexplained, particularly steps 1 and 2 which simply describe standard cell culture techniques, while other steps require more information: volume of the bottom well, molecular size of Lucifer Yellow, pore size and material of transwells. Additional clarification is needed about the sampling procedure:  were samples taken as end points from separate transwells per time point, or were the same transwells sampled daily? Does the passage of hCMEC/D3 matter?
Thank you for raising these questions. We agree that this is important information that should have been included and we have now included the information on the volume of the companion well, molecular size of lucifer Yellow, pore size and Transwell insert material on lines 391-392. Yes, the samples were taken from separate Transwells at each indicated time point. We have included this information in the methods section. Yes, the passage number of hCMEC/D3 does matter. It has been reported that  hCMEC/D3 cells undergo dedifferentiation to unstable phenotypes over long periods of passaging and the it has been recommended to use cells within passage number 35 [15]. We would like to point out that all our studies were conducted on cells under passage 35.
Minor Concerns:
1. Although the Transwell BBB model is still considered the gold standard in the field, the authors should acknowledge in their introduction or discussion that significant advances in the field have been made over the last years, including co-culture systems, microfluidic systems, and 3D cell culture systems, which represent physiologically more relevant mimics of the BBB in vitro with significantly improved barrier function. I am not expecting a comprehensive review of all these novel platforms, but some wording around these advances in the field should be included, discussing some critical limitations of the Transwell setup in this context, but then highlighting some of the advantages the authors see in in the Transwell system.
We have added a brief section discussing some of the novel platforms in the introduction section (lines 88-92) and have highlighted the merits of limitations of the Transwell system in the discussion section (lines 728-732).
2. On a similar note, limitations of the hCMEC/D3 cell line should be briefly discussed, in light of recent advances in stem cell derived BBB models, which demonstrate extraordinary tightness. Then, the authors should explain why the hCMEC/D3 cell line might still be a useful model for BBB, despite the emerging use of brain endothelial cells generated from human pluripotent stem cells.
Thank you for your suggestion. We have information in the introduction section addressing this comment (lines 56-71 and 88-92). Briefly, the hCMEC/D3 cell line is an appropriate immortalized endothelial cell line [1] as they form confluent monolayers with properties representative of the human BBB and do not require co-culturing with other cell types [21]. It should be noted that although stem cell-derived BBB models showed higher permeability in many studies compared with hCMEC/D3 cell line and they do express some BBB markers, they are yet to evolve as the most common BBB cell model [1]. Importantly, stem-cell derived BBB models remain to be characterized with respect to maximum passage numbers that allow the cells to maintain stable BBB phenotypes [22]. 
3. Introduction: the authors mention coating and media composition being an issue for reliably measuring TEER, however, this can be resolved by the addition of blank transwells, like the authors do for their Lucifer Yellow permeability assay in order to calculate Papp.
[bookmark: _GoBack]Thank you for making this point, we have now revised the text accordingly on lines 78-80. 
[bookmark: OLE_LINK1]4. The authors are encouraged to add Mantle et al. Molec. Pharm. 2016 (https://pubs.acs.org/doi/10.1021/acs.molpharmaceut.6b00818) when comparing TEER and size exclusion assays.
Thank you, we have now added this reference.
5. Please provide evidence from the literature that hCMEC/D3 cells are "hard-to-transfect" cells.
The morphologic and molecular features of cerebral endothelial cells allow these cells to prevent the extravasation of large and small solutes due to the presence of tight junctions that reduce paracellular transport. Of particular relevance to transfection, the low rate of pinocytotic vesicle formation in these cells limits transcellular transport [23]. There are multiple published reports that explored liposomes and nanoparticles as vehicles for crossing the BBB and deliver drugs such as doxorubicin, loperamide and tubocurarine. However, only the surfactants polysorbate (Tween) 20, 40, 60 and 80, and some poloxamers (Pluronic F 68) can have been able to mediate moderate drug uptake [24]. A few studies have reported modification of liposomes with antibodies to increase transfection efficiency [18, 21]. Based on the inherent characteristics of these cells and due to limited choices of excipients, hCMEC/D3 can be considered as “hard-to-transfect” cells. 
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