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REVIEWER COMMENTS

Reviewer #1 (Remarks to the Author): 

Pediaditakis et al. established a co-culture system modelling the human substantia nigra 
neurovascular interface, using Brain-Chip technology. Transcriptomic profile comparison suggested 
that Brain-Chip cultures achieved a more mature state as compared to conventional cultures. 

Moreover, Brain-Chip and adult substantia nigra showed common differentially expressed genes, as 
compared to conventional cultures. Exogenous aSyn fibril administration was used as a paradigm for 

validating Brain-Chip suitability for modelling Parkinson´s disease pathomechanisms, and addressing 
effects on endothelial integrity. In addition to the expected phenotypes of phosphorylated aSyn 

accumulation, increased overall oxidative stress and neuroinflammation, Brain-Chip blood-brain 
barrier integrity was compromised by fibrils, and this could be rescued by trehalose. The described 
co-culture system is potentially highly relevant for studying Parkinson´s disease biology, and can have 
translational value. Nevertheless, particularly the aspects of Brain-Chip suitability for studying 
dopaminergic vulnerability and neuron-glia interactions was not sufficiently studied in depth and 

requires elucidation. 
Major concerns 

1. Based on Figure 2d, the authors claim that the Brain-Chip recapitulates the gene expression 
pattern of adult substantia nigra. However, this remains to be addressed via direct Brain-Chip vs. 

adult substantia nigra RNA-sequencing profile comparison, or more suitable bioinformatics analyses 
including the 3 groups (Brain-Chip, adult substantia nigra, conventional cultures). Moreover, the 

global transcriptomic analysis is an important dataset of the study, but in order for the reader to 
interpret, the conventional cell culture should be defined and described in detail in the manuscript and 

materials and methods. 

2. It is important to clarify whether the Brain-Chip is an advantageous setup for studying dopaminergic 
neuron vulnerability, and neuron-glia interactions in the paradigm of exogenous aSyn fibril 

administration. Specifically, Figure 5a-b, shows an overall decrease in neuronal density and increased 
caspase-3 activation, but this should be quantified for TH+ and TH- neurons. Moreover, the 
relationship between neuronal loss and neuroinflammation within the Brain-Chip should be elucidated. 

Which cells of the brain side show uptake of aSyn fibrils at earlier vs. later time points? With regards 
to glial responses (Figure 5c/d and Supplementary Figure 3c/d), is there any spatial correlation 

between apoptotic neurons and activated glial cells? Is there increased proliferation of astrocytes and 
microglia? 

3. The authors show that administration of aSyn fibrils compromised Brain-Chip blood-brain barrier 
integrity. Is this a direct effect due to fibrils or linked to neurodegeneration/neuroinflammation? Upon 

fibril administration, can aSyn be detected in the vascular side? This should be investigated in much 
more depth since this is actually the main question here and one major point of actually using this 
kind of Brain-Chip. 

4. In line with the previous comment, the rescue of Brain-Chip blood brain barrier integrity in Figure 7b 

by trehalose is important. However, the authors should address experimentally whether the 
compound could cross the Brain-Chip blood-brain barrier, and specifically protected the endothelial 

cells or somehow attenuated pathology on the brain side. The rationale for using trehalose needs to 
be further elaborated. 
Minor concerns 

• The authors have used iPSC-derived dopaminergic neurons and endothelial cells, yet the other cells 
are primary human cells. Such an experimental setup complicates the study of cell-to-cell interactions 

due to variable maturation stages for the different cell types and highly variable genetic background. 
An isogenic iPSC-based Brain-Chip would be preferable, and this aspect should at least be 
discussed. In general, the limitations of the present model should be more clearly discussed. 

• Was the brain side medium suitable for the survival of all cell types? Accordingly, was the cellular 
composition comparable between seeding day and day of experiment completion? How was cell 

number of each cell line controlled? How were the experiments normalized? 



• In Supplemental Figure 1, how does dopamine release compare between Brain-Chip and 
conventional iPSC-derived dopaminergic neuron monoculture? 

• Supplemental Figure 3 shows increased no. GFAP+ and CD68+ cells per field, suggesting more 
astrocytes and microglia, respectively. Was this normalized to the total number of cells? 

• The Brain-Chip transcriptomic analysis upon fibril administration is very interesting, but at least some 
targets including MAO and LRRK2 should be further validated by qRT-PCR. 
• The use of the word “develop” confuses the reader in terms of the specific novelties in this study. For 

instance, both the Brain-Chip device (e.g. lines 74-75), and aSyn fibril paradigm (e.g. lines 81-82) of 
aSyn anatomical spread have been reported. This should be clarified throughout the text. 

• In line with the major concerns, several conclusions must be toned down. Some examples include 
the claim that the human substantia nigra expression pattern is recapitulated in the Brain-Chip (lines 

186-187), or that the data suggests a progressive neurodegeneration and strong neuroinflammatory 
phenotype (lines 253-254). 
• The text should be revised throughout the manuscript, and all abbreviations should be used 
consistently (e.g. iPS vs iPSC). 

Reviewer #2 (Remarks to the Author): 

This paper uses organs on chips techology to generate a 3D model of midbrain. Specifically 

commercially available human dopaminergic neurons are mixed with commercially available cortical 
human astrocytes , human microglia and pericytes are enshethend by iPSC derived endothelial cells 

and cultured under fluid flow in microfluidic chambers. Alpha-synuclein fibrils are added and the 
authors investigate PD phenotypes. They claim p a-syn, mitochondrial impairments, 

neuroinflammation and compromised barrier function. 

While it is interesting to think about new human models for understanding PD, this model consists of 5 
different sources of cells from different individuals. The reliability of this model may be questioned due 

to the mix of individuals and raises major questions and concerns: 
What is the physiologic relevance of these experiments? How do the authors rule out interactions 
between these different sources? How were these different cell types genetically analyzed? What is 

known about PD relevant genes and SNPs within these donors? What clinical condition is exactly is 
modeled here? How do alpha-synuclein amounts reflect clinical findings? 

The authors claim, that the gene expression analysis were compared to conventional cell cultures. 
The specific composition of “conventional cell cultures” is not described. This limits the information of 
the study. A good comparison could be to generate an assembloid of autologous iPSC derived 

midbrain organoids, astrocytes, microglia, pericytes and endothelial cells and put these under fluid 
flow. 

The depth of analysis of alpha-synuclein pathology is very superficial. E.g. Western blot should be 
used to further characterize pathological a-syn species (p-syn). CC3 stainings are very variable and 
require additional cell death assays. Astrocyte and microglia activation markers (GFAP, DC68) should 

be complemented by extensive expression analysis and add a classical neuroinflammatory stimulus 
for comparison. 

Reviewer #3 (Remarks to the Author): 

This manuscript leveraged Organs-on Chips technology to engineer a human Brain Chip 
representative of the substantia nigra area of the brain, which is most affected in Parkinson’s disease. 

The a-syn fibril model was capable of reproducing key aspects of Parkinson’s including 
phosphorylated a-syn, mitochondrial impairment, neuroinflammation and compromised barrier 
function. Therefore is proposed to serve as a platform for novel therapeutic interventions. 

This manuscript builds on the already published work from this group where they developed a human 
disease model of drug toxicity-induced pulmonary edema in a lung on a chip microdevice. 

This is a very interesting model system which could be potentially very useful to the Parkinson’s 



community and the field as a whole if the issues below are addressed: 

Further information on some of the cells used should be provided: the authors mention primary 
human astrocytes and microglia, there is no information on the age of the donor or the brain region 

from which the microglia came from. Were these collected from elective abortions? Were these cells 
expanded in culture prior to being used in experiments? This information would be useful in 
determining how akin this set up should be to the adult midbrain which is affected in Parkinson’s. 

The authors should confirm midbrain dopamine neuron identity in Figure 1. They state on page 5, line 

106, that ‘First (D0) we seeded in the brain channel human iPS-derived DA neurons’ so how many 
days post neutralisation were these cells? I note in the reporting summary that midbrain markers were 

used but its not clear if this is by the company who sold them or by the authors themselves. 

In the methods there are medias defined as DeSR2 and DeSR1, what are these exactly? 

Figure 5a, CC3 staining would appear to be more widespread than the level detailed in the graph on 

the right, authors should consider using separate channel images to show this more clearly. 

On page 21, line 459 there is a reference to Chips were functionalised using Emulate’s proprietary 

reagents. The whole idea of publishing is so that other researchers can benefit by increased scientific 
knowledge within the scientific community. However, nobody could try to replicate these results 

without the knowledge of such reagents? This is really not within the spirit of publishing scientific 
research. 

Page 21, line 471 BMEC were seeded at 16-20 million cells per ml. This is a lot of cells and authors 

should comment on whether this is a rate limiting factor for using this technology? 
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REVIEWER COMMENTS

Reviewer #1 (Remarks to the Author): 

The authors have satisfactorily addressed most of my prior comments. 

Reviewer #2 (Remarks to the Author): 

In general, the authors addressed several remarks brought up by the reviewers by providing 
additional data. However, some major concerns still arise that have not been addressed sufficiently: 

One major concern is the reproducibility of this study with other cell lines. While I understand the 
author’s preference for well characterized cell lines and therefore the lack of isogenic pairs, the data 
analysis runs short, when only this one cell line is analyzed for RNAseq. Therefore, in my view 
additional pairs of lines should be carried out to render this N=1 study meaningful. Even if the 

bioinformatics bulk RNA analyses of the three groups was carried out, technical and biological 
artifacts of the RNA-Seq measurements cannot be extracted from one cell line only. 

Moreover, questions arise regarding the claim that brain-chip technology more closely resembles 
human substantia nigra based on the bulk RNA-seq data provided. While there is an overlap of DE 

genes both brain-chip as well as adult substantia nigra when compared to a conventional cell culture 
approach (Fig. 2 d), this overlap represents only a minority of the DE genes. Furthermore, in Fig. 2e, 

the authors then switch towards the fold expression levels of different key marker genes for different 
cell types out of the bulk RNA-seq analysis, thereby only providing data for a small gene subset. In 

their response to Reviewer 1, the authors report that on a global transcriptomic scale, the direct 

comparison between the transcriptome of i) Adult Substantia Nigra vs. Brain-chip as well as ii) Adult 
Substantia Nigra vs. Conventional Cell Culture yields 566 and 682 DE genes, respectively. While the 

total number of DE genes seems to be lower in analysis i), this data in my opinion also points towards 
substantial differences of both a conventional culture system as well as the brain chip technology 
compared to adult SN on a bulk RNA-seq level. I think the authors should discuss this circumstance 

more critically. For further clarity, I would recommend the authors to include an illustration depicting 
the number of significantly DE genes of comparisons i and ii, respectively, either in the main figure or 

the supplements. Adding additional lines to the experiment may also enable the authors to perform 
PCA analyses on a global transcriptomic scale between different adult SN specimens as well as 
different conventional culture systems and brain-chips. 

Additionally, questions arise regarding the specific clinical relevance of the experiments performed by 

incubating the brain-chip assembly with synuclein fibrils. 
On the one hand, the synuclein preparation the authors claimed to use may contain extensive 
residual amounts of Endotoxin as the manufacturer only guarantees a level of <20000 EU/ml, an 

amount still substantial enough to trigger an LPS mediated inflammatory response especially in the 
microglia-like cells in the co-culture system. While the authors stated in the methods part that they 

controlled for LPS contamination by measurement using the LAL assay, this data should be depicted 
in a supplemental figure or material in order better interpret confounding immunogenic properties of 

the used preparations. 

Moreover, additional minor concerns are: 

- In Fig. 1 f, the authors present the permeability to 3kDA fluorescent dextran and 0.5kDA lucifer 
yellow as a quantification of barrier function at different time points. However, a statistical analysis 

comparing the different time points is not depicted in the graph. Is the permeability at day 8 
significantly lower compared to day 5? 



Reviewer #3 (Remarks to the Author): 

The authors have provided a substantial amount of new data and in so doing have significantly 
improved the manuscript. They have answered my queries and I now recommend publication. 



























REVIEWER COMMENTS

Reviewer #2 (Remarks to the Author): 

The authors have addressed most of my prior comments.




