Response to reviewers’ comments for JOVE article submission JoVE62095

Dear reviewers, 
Firstly, we would like to thank you for your valuable feedback relating to our article, and the positive, constructive comments provided. We have tried to address your questions and concerns in the following document, and with the required revisions to the manuscript. 
We think it is important to state that submission JoVE62095 outlines the protocols that we have developed and used in our current and ongoing research, data from which will be presented in a separate manuscript that is in preparation. We envisaged that JoVE62095 and our research publications would be submitted at around the same time; however, due to the impact of COVID-19, we are still completing final experiments for the other manuscript, which we will submit early 2021. Therefore, many of the reviewers’ comments (below) are answered using data that are to form part of our manuscript in preparation, and we do not wish these data to contribute to the JoVE62095 submission. Therefore, we request that the editor and reviewers consider these unpublished data as evidence of efficacy with respect to our protocols. Publication in the near future of a manuscript containing extensive data based on these protocols will nicely synergise with JoVE62095, which will of course be fully cited.
All changes to the manuscript are highlighted in cyan.

Reviewers' comments:
Reviewer #1:
Reviewer Comments:
The method paper by Crompton et al. describes the generation of human midbrain astrocytes from human iPSCs. Though the protocol is clearly described, there are several concerns related, especially to midbrain astrocytes' characterization and partly also to the distinct steps of differentiation.

General question:
1) Both in abstracts and introduction, the authors bring attention to the inflammation, but astrocytes are not the primary cells responsible for it. The connection with microglia is completely missing from this content and should be explained. Do microglia play a role as well in inflammation seen as an early event in Parkinson´s disease?
The reviewer is correct - the omission of any comment on microglia from the manuscript was an oversight. It is the relationship between microglia and astrocytes that is particularly important in Parkinson’s disease. It has been demonstrated that pharmacological inhibition of the ability of microglia to ‘activate’ astrocytes halts disease pathology (Yun, Kam et al. 2018). As suggested, we have altered the abstract (lines 42-44) and introduction (lines 72-92) to introduce the significant role of microglia in this setting. 

More specific questions and comments:
2) The fibroblast growth factor 8 (FGF8) is a morphogenic patterning molecule that is commonly used for the derivation of midbrain dopaminergic neurons and midbrain organoids. In the presented protocol, this molecule has been omitted. What were the essentials for this? Did the authors try to derive the midbrain astrocytes with and without this molecule?
We acknowledge that FGF8 is used in numerous hiPSC differentiation protocols for the generation of ventral midbrain dopamine neurons to mimic FGF signalling required for patterning the embryonic midbrain. For these reasons we have also previously investigated whether addition of FGF8 influences generation of ventral midbrain progenitors and dopamine neurons, finding that in terms of the generation of ventral midbrain dopamine neurons, the inclusion of FGF8 had no effect  (Stathakos, Jimenez-Moreno et al. 2020). The early stages of our protocol are based closely on that published by Kriks et al., 2011, who also demonstrated that FGF8 did not have a significant effect on the induction of midbrain floor plate. In fact CHIR99021 used in combination with SHH had the greatest effect (Kriks, Shim et al. 2011). Indeed, based on the findings by Kriks et al., there have been multiple published examples of protocols that differentiate midbrain floor plate precursors towards ventral midbrain dopamine neurons. Furthermore, we have demonstrated that the vmNPCs generated in the current protocol, and from which we derive the vmAstros, express LMX1A, LMX1B, and FOXA2 (Stathakos, Jimenez-Moreno et al. 2020), and we also show these transcription factors are also present in the vmAstros (fig 2 E-G of submitted manuscript). In addition, we have data demonstrating sustained expression of midbrain marker EN1 at every stage of our protocol and also in the mature vmAstros (Figure R1). These data are for the reviewers’ attention only, as they are to be be published on a manuscript currently in preparation, which focuses on the characterization and neuroinflammatory response of hiPSC-derived vmAstros (see note above). 
Figure R1. qRT-PCR analysis demonstrating the relative expression of the EN1, ALDH1L1, DRD2 and ITPR1 at various stages of our vmAstro differentiation protocol.  The ventral midbrain transcription factor EN1 shows sustained expressed at every stage of differentiation and is maintained in the mature vmAstrocytes. Expression of the astrocyte marker ALDH1L1, and the dopamine receptor D2 gene DRD2, which is involved in the functioning of vmAstros in the mature rodent brain, are significantly higher in vmAstros compared to vmAPCs. This indicates exposure to BMP4 and hLIF in the maturation stage of our protocol results changes in gene expression associated with mature astrocytes in the ventral midbrain. In addition, ITPR1, a gene enriched in vmAstros in the mouse ventral midbrain is also expressed in the hiPSC-derived vmAstros differentiated using the protocol detailed in the manuscript, further verifying the ventral midbrain astrocyte phenotype.

[image: ]
3) Figure 1 illustrates hiPSCs differentiation into vm astrocytes. In the first stage, vmNPC are produced and expanded. The molecules like BDNF, GDNF, and AA are used for neuronal stage and neurons' maturation, not for expanding neuroprogenitors! This is most likely a mistake as the image above shows a rosette-like structure, not a neuronal one!
Thank you to the reviewer for highlighting this. We are aware that BDNF, GDNF and ascorbic acid are frequently used to support the differentiation and survival of neurons during and after their differentiation. However, we make no claim that in our protocol these are the factors driving proliferation of the vmNPCs, although at this stage of the protocol, the vmNPCs do proliferate at a significant rate, just as they do in the preceding ventral midbrain induction stage. Therefore, we chose to refer to this as the vmNPC expansion stage of the protocol. The first stages of the protocol were initially optimised for the generation of vmDANs (Stathakos, Jimenez-Moreno et al. 2020), and so a major driver for protocol development was the production of large numbers of vmNPCs (and subsequently vmDANs) consistently from every differentiation attempt. Other published protocols proceed directly from the induction phase to neuronal differentiation(Kriks, Shim et al. 2011). However, in our hands, vmNPCs can be expanded up to day 40-50, whilst continuing to readily generate vmDANs upon the addition of DAPT and cAMP. We propose that together these factors support the survival of vmNPCs, rather than acting as potent mitogens, as in agreement with general literature on the role of these factors. GDNF has been shown to promote proliferation of neural and other cells types, whilst having an anti-apoptotic affect, and we therefore suggest that it is this pro-survival affect alongside continuing proliferation that leads to increase in cell numbers (Cortes, Carballo-Molina et al. 2017). We have inserted a sentence in the manuscript to acknowledge this (lines 441-442). We also acknowledge your suggestion that in Figure 1 rosettes are more representative of the induction phase, and we have therefore edited this accordingly. We have also referred to the use of GDNF and BDNF and ascorbic acid in the legend for figure 1.

4) Derived astrocytes are very poorly characterized except for showing the markers representing the midbrain. The staining for at least the following markers has to be shown: glial-fibrillar acidic protein (GFAP) and aquaporin 4 (AQP4). More further, astrocytes' functionality is provided only after the treatment of astrocytes with a low dose of IL-1a or IL-1b. While according to figure legend 2 (J), astrocytes exposed to IL-1b significantly increased release of IL-6, the figure shows the response after the IL-1a exposure.....please show the response after both treatments. Also, indicate which morphological changes correspond to which interleukin exposure in figure 2 (I). Regarding the functionality tests of astrocytes - glucose and glutamate uptake need to be presented.

In response to this point, we would like to reiterate that we are currently preparing a manuscript which focuses on the characterization of the hiPSC-derived vmAstros and their reactive phenotype in response to neuroinflammation, in which we will report in depth characterisations of vmAstro functionality. The data shown in Figure R1 (for reviewers’ eyes only) provide some additional characterisation, including evidence that exposure to BMP4 in combination with LIF in the maturation stage of the protocol led to a significant increase in expression of ALDH1L1, associated with a mature astrocyte phenotype, and DRD2, homologues of which are crucial to the function of ventral midbrain astrocytes in the rodent brain (Cahoy, Emery et al. 2008, Xin, Schuebel et al. 2019) (Figure R1). Similarly, we demonstrate expression of ITPR1, the homologue of which is highly enriched in adult rodent ventral midbrain astrocytes, compared to those of the hippocampus or cortex (Xin, Schuebel et al. 2019) (Figure R1). In addition, as suggested by the reviewer, we have now included images in figure 2 to demonstrate specific expression of GFAP alongside and the novel mature astrocyte marker CD49f (Barbar, Jain et al. 2020, Barbar, Rusielewicz et al. 2020)(Figure 2I). 
In response to astrocyte functionality, we have incomplete data which will be published in our upcoming manuscript that demonstrate changes in gene expression associated with a reactive phenotype in response to neuroinflammation, phagocytosis of alpha-synuclein and neuronal debris, and we are currently carrying out calcium signalling looking for responses to specific stimuli including glutamate. For the reviewers we have included a small selection of this data in Figure R2 as evidence that our protocol generates mature, functional ventral midbrain astrocytes from hiPSCs.
The inclusion of IL1 and IL1 in the original manuscript was in fact a mistake with the editing and we are very grateful to the reviewer for highlighting this. We have revised the figure (Figure 2 J-L) to make the morphological changes in the vmAstros clearer and the data is all based on the exposure of vmAstros to IL1 only. 

i                   ii     
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Figure R2 (A) vmAstros internalize fluorescently labelled -synuclein. After 24h co-staining with lysotracker red demonstrated colocalization with -synuclein, demonstrating its presence within lysosomes (indicated by arrowheads and at higher magnification in panels I and ii. This colocalisation demonstrating -synuclein in the lysosomal pathway. (B) vmAstros phagocytose fluorescently labelled debris from human apoptotic neurons. After 18h of exposure the debris can be visualized as distinct puncta within the vmAstros. Co-staining for early endosome antigen EEA1 demonstrated a distinct patterning of localization suggesting that after 18h the phagocytosed debris is no longer within endosomes. We are currently investigating the timing of this phagocytosis and subsequent processing of the internalized -synuclein and neuronal debris. (C) qRT-PCR analysis demonstrating the relative expression of LCN2, AMIGO2 and ICAM1 in untreated vmAstros compared to vmAstros exposed to either IL1 and IL1 for 24h.  Expression of these genes increase in response to neuroinflammatory stimuli in rodent astrocytes in vitro, and these changed are indicative of astrocyte reactivity.
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[bookmark: _GoBack]5) The authors point out that the vm astrocytes were derived from two hiPSC lines. Were these obtained from healthy donors or PD patients?The information should be added there. Also, for the result part, n=3, can you explain what does it mean? How many times was the assay repeated, and with how many lines? Are these results pooled together from both lines? How many times did you repeat the differentiation process from hiPCS towards mature astrocytes?
We have added this information to the manuscript in lines 112-117 and 756-757. differentiation process from hiPSC to vmAstro was repeated 5 times. Again, we have data which we have not included in this manuscript but demonstrates that 3 independent differentiations from one of the NAS2 hiPSC line generated a population of vmAstros where 97.4% expressed S100 and 99.6% expressed FOXA2 (n=3, independent replicates sem 2.3 ; 0.4 respectively). In total the differentiation process from hiPSC to vmAstro has been repeated 6 times.  In addition, the protocol to generate vmNPCs and subsequent ventral midbrain dopaminergic neurons has been carried out on multiple lines; 3 hiPSC lines (NAS2 and AST23, both from Dr Tilo Kunath, University of Edinburgh and MSU-H001, a gift from Prof. Jose Bernardo Cibelli, Michigan State University) and a hESC line (Shef6, UK Stem Cell Bank), all with comparable results (Stathakos, Jimenez-Moreno et al. 2019, Stathakos, Jimenez-Moreno et al. 2020).



Reviewer #2:
Manuscript Summary:
In the manuscript "Efficient and scalable generation of human midbrain astrocytes from hiPSCs" the authors demonstrate a protocol for specification and generation of ventral midbrain astrocytes (vmAstros) from hiPSCs and suggest that the resultant cells express astrocytic markers, as well as markers specific to the ventral midbrain. Additionally, the authors comment on the scalability of their protocol, and suggest that their methodology allows for an expansion of progenitors up to 4000 175cm2 flasks, allowing for cryopreservation of cells in the progenitor state for rapid use in experimentation. Furthermore, the authors demonstrate that their hiPSC derived vmAstros respond to the pro-inflammatory cytokines IL-1 and IL-1 and subsequently increase secretion of IL-6, thus suggesting that the derived astrocytes are 'reactive' in nature. Though the manuscript is well written and the protocol seems feasible, the main concerns of this reviewer relate to its relevance in a field with multiple well established protocols already present, and furthermore the true identity of the derived cells as being ventral midbrain in nature with little to no contamination by other regions.

Major Concerns:
Specific Comments:
1. Were other ventral midbrain markers, such as LMX1A, CORIN, EN1, in addition to FOXA2 been examined since this marker is present in the basal plate dorsolateral to the floor plate as well as the ventral diencephalon and rhombencephalon? Without checking forebrain, hindbrain, and dorsolateral expression there is no way to know that FOXA2 and MSI1 is specific to the midbrain.
LMX1A and LMX1B expression is demonstrated by immunocytochemistry in figures 2E and F. We have also included for this response letter unpublished data that we intend to publish in a separate manuscript which further characterises the vmAstro phenotype. We demonstrate expression of the midbrain marker gene Engrailed-1 (EN1) throughout the differentiation stages, and expression of EN1 is maintained in the mature astrocytes (Figure R1). We also demonstrate expression of the DRD2 gene, which encodes Dopamine Receptor D2, expressed in the adult rodent ventral midbrain and required for the function of ventral midbrain astrocytes in vivo (Figure R1)(Xin, Schuebel et al. 2019). Published transcriptomic analysis of in vivo ventral midbrain astrocytes in the adult mouse brain has demonstrated that the ITPR1 gene is highly enriched this population, compared to astrocytes from the hippocampus or cortex(Xin, Schuebel et al. 2019). We have demonstrated expression of its human homologue in the mature vmAstros (Figure R1). We hope that this information satisfies the reviewers concerns.


2. Previous literature shows that FGF-8b is needed to maintain vmNPCs identity, otherwise the phenotype defaults to diencephalic patterning. Repeated passaging in N2B27 media with BDNF, GDNF, and AA from day 10 to day 30 or 45 is likely to expand a forebrain-specific cell type, which also express LMX1A/B. Can the authors please comment on whether they have checked for expression of forebrain-specific markers. How are vmNPCs quality controlled prior to induction with Astro differentiation media?
We acknowledge that FGF8 is used in numerous hiPSC differentiation protocols for the generation of ventral midbrain dopamine neurons to mimic FGF signalling required for patterning the embryonic midbrain. For these reasons we have also previously investigated whether addition of FGF8 influences generation of ventral midbrain progenitors and dopamine neurons, finding that in terms of the generation of ventral midbrain dopamine neurons, the inclusion of FGF8 had no effect  (Stathakos, Jimenez-Moreno et al. 2020). The early stages of our protocol are based closely on that published by Kriks et al., 2011, who also demonstrated that FGF8 did not have a significant effect on the induction of midbrain floor plate. In fact CHIR99021 used in combination with SHH had the greatest effect (Kriks, Shim et al. 2011). Indeed, based on the findings by Kriks et al., there have been multiple published examples of protocols that differentiate midbrain floor plate precursors towards ventral midbrain dopamine neurons. Furthermore, we have demonstrated that the vmNPCs generated in the currect protocol, and from which we derive the vmAstros, express LMX1A, LMX1B, and FOXA2 (Stathakos, Jimenez-Moreno et al. 2020), and we also show these transcription factors are also present in the vmAstros (fig 2 E-G of submitted manuscript). In addition, we have data demonstrating sustained expression of midbrain marker EN1 at every stage of our protocol and also in the mature vmAstros (Figure R1). These data are for the reviewers’ attention only, as they are to be be published on a manuscript currently in preparation, which focuses on the characterization and neuroinflammatory response of hiPSC-derived vmAstros (see note above). 
In terms of quality control of vmNPCs prior to the induction of astrocyte differentiation, we regularly use ICC on vmNPC cultures for ventral midbrain markers LMX1A, LMX1B and FOXA2. We also use the same vmNPCs to differentiate ventral midbrain dopaminergic neurons- all vmAstros generated in body of work were differentiated from vmNPC cultures with the ability to ventral midbrain dopaminergic neurons expressing TH, DAT, LMX1A, LMX1B and FOXA2.


3. Previous literature has shown that optimization of CHIR and SHH concentrations is cell line-specific. Have the authors optimized CHIR and SHH based on expression of forebrain (Foxg1, Nkx-2.1, Dbx1), hindbrain (Gbx2, Hoxa2), and dorsolateral (Sim1, Nkx-2.2, Nkx-6.1, Brn3a) markers? What was the rationale for the use of 0.8 μM CHIR and 200 ng/mL SHH in the differentiation of vmNPCs for these lines? Can the authors comment on the applicability of this protocol if there is line to line variability?
We addressed the effects of CHIR and SHH concentrations on the generation of ventral midbrain dopaminergic neurons in our previously published work (Stathakos, Jimenez-Moreno et al. 2020). We showed that a range of between 0.6 and 0.8 M, in combination with a SHH concentration range between 200-300 ng/ml gave the greatest number of ventral midbrain dopaminergic neurons, and the greatest expression of ventral midbrain markers FOXA1, LMX1A and CORIN. In terms of hiPSC line variability, the initial induction of ventral midbrain identity was compared across 3 hiPSC lines (NAS2 and AST23, both from Dr Tilo Kunath, University of Edinburgh and MSU-H001, a gift from Prof. Jose Bernardo Cibelli, Michigan State University) and a hESC line (Shef6, UK Stem Cell Bank), all with comparable results (Stathakos, Jimenez-Moreno et al. 2019, Stathakos, Jimenez-Moreno et al. 2020). The protocol for the generation of vmAstros, as detailed in this manuscript has been carried out in two iPSC lines, NAS2 and AST23 with equally consistent results.


4. Previously established protocols demonstrating generation of not only midbrain astrocytes, but other regionally specified astrocytes utilize Ciliary Neurotrophic Factor (CNTF) in the final differentiation phase. Though we understand that both CNTF and LIF share common activation patterns with respect to downstream signaling, can the authors comment on why LIF was chosen in this protocol and whether CNTF would exert similar effects and resultant cell differentiation? Do the authors believe that LIF exerts a greater effect than CNTF in these cells?
Although we did not directly quantify the differences, when we first started to optimise this protocol, we did test expansion of vmAPCs in combinations of EGF, FGF2, LIF and CNTF. LIF and CNTF are both activators of the JAK/STAT pathway, which provides transcriptional modulation required for astroglial fate acquisition; FGF2 and EGF and mitogens that promote proliferation of neural progenitors. Therefore, we trialled combinations of these factors to generate a proliferating vmAPC population. Comparing EGF and FGF2, we found that FGF2 gave greatest heterogeneity in cell morphology and eventual astrocyte marker expression, probably because FGF2 promotes proliferation of a wide range of neural progenitors, whereas EGF has been shown to specifically support proliferation of astroglial type progenitors (Watts, McConkey et al. 2005). We found that in the absence of LIF, even in the presence of CNTF, proliferation of the vmAPCs slowed significantly over extended culture periods. As we required a scalable protocol, and because it is well documented that acquisition of astroglial fate in vitro requires an extended period of culture, we chose to use LIF in combination with EGF. 
It has been demonstrated in both neural and other cell types, that LIF is a more potent mitogen than CNTF: LIF is a potent activator of expression of human telomerase reverse transcriptase gene and therefore confers telomere stability to cells, enabling them to proliferate for longer periods in culture  (Ostenfeld, Caldwell et al. 2000, Wang, Wu et al. 2008). In terms of neural cell culture, the effect of LIF on long term proliferation is particularly seen in human cells, which express lower levels of telomerase than their rodent counterparts, and this is further reduced with time in culture, leading to a slowing of proliferation. The application of LIF prevents this (Ostenfeld, Caldwell et al. 2000). 
However, in this protocol LIF plays two roles in the generation of vmAstros- as described it enables long term expansion of vmAPCs. However, we also retain LIF in the maturation of vmAstros in combination with BMP4. In this context, with active BMP signalling, the transcriptional targets downstream of LIF are altered due to direct binding of BMP signal transducers to LIF induced transcriptional complexes. This modifies the transcriptional effects, including shifting neural cell fate towards acquisition of a mature astrocyte phenotype development (Nakashima, Yanagisawa et al. 1999, Nakashima, Yanagisawa et al. 1999).


5. The authors demonstrate their protocol extending to 90+ days (Figure 1) and show S100 staining of their resultant cells. Recent studies have demonstrated that S100 is a better marker of early stage immature astrocytes which establishes peak expression in a significant portion of cells by 90 days, whereas the widely accepted marker of mature astrocytes, GFAP, only starts to be expressed by 90 days, and requires a full 180 days in vitro to reach peak expression before a majority of cells exhibit GFAP staining. Can the authors demonstrate GFAP staining in their cells, which would suggest that they are indeed generating fully mature astrocytes?
 Thank you for your suggestions. We have now added GFAP staining images to the manuscript (Figure 2H). In addition, we have included in this letter additional data that we will publish in a separate manuscript which shows that the mature astrocyte gene ALDH1L1 is highly upregulated in vmAstros compared to vmAPCs suggesting the treatment with BMP4 and LIF is resulting in maturation (Figure R1).  


6. With regard to the authors demonstration of reactivity in response to IL-1 and IL-1, there is evidence that astrocyte reactivity does not exist in a finite state, similar to that seen in macrophages and microglia, rather there is a continuum of activation and these cells can exist in multiple reactive states reflected by different phenotypes. The treatment of cells with IL-1 would presumably result in a shift to what is considered an A1 phenotype, whereas IL-1 results in a more mixed expression of both A1 and A2 classifications. Can the authors comment on the activation phenotype they demonstrate, and also examine markers of reactivity for both A1 and A2 phenotypes to demonstrate which classification their cells fall into? An understanding of how these cells respond and react would be key in deepening our understanding of how presumptive vmAstros would respond in vivo.
In our upcoming manuscript we examine astrocyte reactivity in detail. Liddelow et al., 2017 was one of the first in depth studies to define the A1 and A2 subtype, and this group have furthered this work with numerous consecutive publications(Liddelow, Guttenplan et al. 2017). Recently they examined the A1/A2 subtype in hiPSC derived astrocytes (Barbar, Jain et al. 2020). What they demonstrate is that the A1 and A2 reactive phenotypes are defined by specific transcriptional changes in the astrocytes(Liddelow, Guttenplan et al. 2017). Some of these changes are unique either A1 or A2 in all scenarios, and some of these transcriptional changes fall in more of a context specific category(Liddelow, Guttenplan et al. 2017, Barbar, Jain et al. 2020). In addition, depending in the gene the variability in reproducibilty is rather large and there are species specific variations(Liddelow and Barres 2017, Barbar, Jain et al. 2020). However, by treating vmAstros with IL-1, IL-1, IL-6, TNF- and combinations of these with other factors, such as complement factor C1q, we have been able to elucidate the shift towards reactivity in vmAstros. As the preliminary data in Figure R2 C demonstrates, by treating with IL-1 and IL-1 we generate upregulation of both Pan (LCN2 & ICAM1) and A1 specific (AMIGO2) reactivity markers (Figure R2 C). We are currently extending this data to examine genes associated with the A1, A2 and pan reactivity transcriptome specifically in human astrocytes. We hope when complete this data will give us a better understanding of astrocyte reactivity in the midbrain and we are also examining how this then impacts neuronal health.


7. The ventral midbrain is complex and it is well established that each sub-region plays a role in distinct behaviors. Recent studies have demonstrated a significant difference in the transcriptional profile of midbrain astrocytes, as well as significant differences in their neuroprotective capabilities with regard to their neighboring ventral midbrain dopamine neurons. Given this heterogeneity, can the authors comment on which sub-region (ventral tegmental area or substantia nigra) they believe these iPSC derived vmAstros would be? Have the authors explored any mechanism by which a mixed population of vmAstros could be subsequently separated into sub-regional astrocyte populations for experimentation?
This is a great suggestion. We have considered this, particularly in light the publication by Xin et al., where the in vivo midbrain astrocyte phenotype is looked at in more detail. We have not yet formally determined whether our vmAstros are more similar to VTA or Substantia nigra (SN). We can confirm expression of ITPR1 (Figure R1), identified by Xin et al., 2019 as enriched in ventral midbrain astrocytes, but as the authors did not differentiate between VTA or SN (Xin, Schuebel et al. 2019), its usefulness as a regional stratification marker is unclear. Kostuk et al., 2019 carried out a direct transcriptomic and secretomic analysis on VTA versus SN mouse astrocytes, and when viewing their data, we can see that ITPR1 is expressed at relatively similar levels in VTA and SN astrocytes (Kostuk, Cai et al. 2019). Therefore, at this point in our examination of the vmAstros, we are unable to provide clear evidence of a definitive VTA or SN subtype- however we are currently carrying out some high-content analysis of the proteins expressed by the vmAstros and we hope this will provide further elucidation.

Minor Concerns:
8. Figure 2B shows expression of the pan neuronal marker TUJ1 in the red channel, however the figure legend identifies the red channel as TH. Additionally, panel 3 of row G lacks a label denoting what the stain is. Please clarify
Thank you for highlighting this- we have corrected the figure.

Reviewer #3:
Manuscript Summary:
This is a well written protocol which is easy to follow and seems to contain all relevant information required including stock concentrations, images of the differentiating cells at different stages of the protocol and characterisation of the resultant cells. The figures are clear, well described and pertinent to the text. I have no concerns or edits to request.
Thank you for your positive comments.

Reviewer #4:
Manuscript Summary:
The authors have developed a new protocol to generate ventral midbrain astrocytes (vmAstros) from hiPSCs. Although the paper is very well explained with several details included, I have some suggestions that might improve the outcome.

Major Concerns:
1. The authors point only 10 days for astrocyte's maturation. Isn't it too short? The authors should demonstrate their maturity not only by GLAST and S100b expression, but use other markers of mature astrocytes, such as GFAP, AQP4, Vimentin and perhaps the newly identified CD49f marker. Moreover, some gene expression analysis should be included to compare immature astrocytes with mature ones. I would suggest to include foetal immature human astrocytes as control and analyse whether the generated astrocytes express immature astrocytes markers such as NUSAP1 and CD44. Additionally, the authors could check whether hiPSC derived astrocytes express the human-specific astrocyte markers identified by Zhang et al. 2016 such as LRRC3B, STOX1, RYR3, MRVI1 and FAM198B.
We have included data in this rebuttal letter to satisfy the reviewer, but we do not wish to include this in the JOVE manuscript (see Figure R1, above). We show that exposure to BMP4 in combination with LIF in the maturation stage of the protocol leads to large increase in expression of ALDH1L1, which in Zhang et al. 2016 is used to identify the mature astrocytes. In Figure R1 we also demonstrate that the mature vmAstros demonstrate increased expression of the DRD2, compared to vmAPCs. Homologues of DRD2 are crucial to the function of ventral midbrain astrocytes in the adult rodent brain (Cahoy, Emery et al. 2008, Xin, Schuebel et al. 2019) (Figure R1). Similarly, we demonstrate expression of ITPR1, the homologue of which is highly enriched in adult rodent ventral midbrain astrocytes, compared to those of the hippocampus or cortex (Xin, Schuebel et al. 2019) (Figure R1). In addition, as suggested by the reviewer, we have now included images in figure 2 to demonstrate specific expression of GFAP and the mature astrocyte marker CD49f, which is also enriched with maturation (Figure 2I)(Barbar, Jain et al. 2020, Barbar, Rusielewicz et al. 2020). The experiment suggested by the reviewer to compare the expression of these genes and proteins between hiPSC-derived vmAstros and those from human fetal tissue would be valuable, but unfortunately we are unable to access human fetal tissue to carry out these experiments and we hope the reviewer will accept that due to the requirements for handling such tissue this is not something we are able to complete.


2. The authors should assess astrocyte functionality by evaluating calcium activity, phagocytosis or glutamate uptake. It would be interesting to assess whether iPSC-derived astrocytes have the capacity to support neuronal function by co-culturing those astrocytes with iPSC-derived neurons and measuring neuronal-action potentials by electrophysiological recordings, or neurite length.
We are currently carrying out calcium imaging and looking at responses to glutamate within this for our next publication. We can state that the hiPSC-vmAstros demonstrate intrinsic calcium signalling and respond to particular stimulation. As shown in Figure R2 the vmAstros are able to phagocytose -synuclein and neuronal debris- this data will form part of our next manuscript detailing further characterisation of the vmAstro phenotype in relation to neuroinflammation. In addition, we are currently carrying out co-culture experiments to examine how the vmAstros influence the function and survival of dopaminergic neurons, again this data will be included in our other manuscript.


3. The authors should show a quantification of the astrocyte purity in the culture by showing the percentage of positive expression of neuronal markers.
As stated in response to previous comments 97.4% expressed S100 and 99.6% expressed FOXA2 (n=3, independent replicates sem 2.3 ; 0.4 respectively)

Minor Concerns:
1. How many passages could be done in mature astrocytes? 
No passages as such because as stated in the manuscript the proliferation rate should be very low, but they can be replated for specific assays at a desired density. We usually do this after the 10 day maturation period. We have modified the manuscript to make this clear (line 489 onwards).

2. For how long hiPSC-derived astrocytes could be maintained in culture for a specific experiment? Do they get reactive while they are in culture? 
After the 10-day maturation period we replace the media with Astro media without BMP4 and LIF and maintain them in this for 72 hours prior to carrying our experiments. This was omitted from the original submission- we have now included these details (line 489 onwards). This is because we have some data that the presence of BMP4 and LIF, or the residual signalling can interfere with neuroinflammatory stimulation. We have extended this post-maturation period to up to 7 days without any obvious effect. However, we do think that components of the Geltrex ECM degrade or are washed off over time as we see vmAstros (or vmAPCs) begin to shrink and eventually lift off the culture surface after upwards of 14 days. Therefore, we would advise replating after 10 days of either vmAPCs or vmAstros.
In terms of reactivity we do not see that the vmAstros have become reactive unless specifically stimulated (Figure 2J-L and Figure R2). However, without looking at reactivity markers in individual vmAstros we cannot rule out that a small subpopulation are reactive in basal conditions.

3. What is the percentage of confluent cells when starting the differentiation of vmNPC? 
When we begin the induction of vmNPCs, the hiPSCs are approximately 4–5x104 cells/cm2, as shown in Figure 1 (Stathakos, Jimenez-Moreno et al. 2020). We have added this detail to the protocol (line 331 onwards).
For how long can you split vmNPCs? The vmNPCs are expanded up to day 50 of the protocol, splitting approximately every 3-4 days (line 447 onwards).

Do they mature while splitting them?
Yes, we have previously shown that post day 30 the vmNPC population begins to express more mature neuronal markers (Stathakos, Jimenez-Moreno et al. 2020), indicating a subpopulation of mature/maturing neurons within the vmNPC culture. However, use of vmNPC cultures up to day 50 to generate vmAPCs has shown no effect on the astrocyte differentiation potential. We assume that this is because any terminally differentiated neurons are unable to survive the high ratio passaging employed in the expansion of vmAPCs. 

4. Section 3.3. The authors mentioned the use vmNPCs cultures "as in stage 1". What does it mean? Are they cultured in induction or maintenance media (N2B27 + GDNF + BDNF + ascorbic acid)? Clarify this point.
We have attempted to clarify this point by rewording (line 447 onwards).

5. Section 3.3.9. What are the characteristics of these cells? Which markers do they express? Are they highly proliferative cells? Why the authors decided to expand them until day 90?
The vmAPCs remain highly proliferative until at least day 120. We used day 90 expanded cultures because previous studies generating astrocytes from hiPSC or hESCs have shown this as an appropriate time frame for neural progenitors to efficiently generate astrocytes. However, we acknowledge this varies depending on methodology and cell lines used (Crompton, Cordero-Llana et al. 2017). 
In Figure R1 we demonstrate expression of various genes throughout the different stages of the protocol. For example, the midbrain marker EN1 and the astrocyte marker ALDH1L1. ALDH1L1 expression increases significantly upon maturation (Figure R1)
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