April 15th, 2020

Dear Doctor Nam Nguyen,
Attached please find our revised version of the manuscript JoVE61330 entitled "A Model of Epileptogenesis in Rhinal Cortex-Hippocampus Organotypic Slice Cultures” by Cláudia A. Valente, Francisco J. Meda, Mafalda Carvalho and Ana M. Sebastião, for reconsideration by The Journal of Visualized Experiments. 

All points raised by the Editorial Office and Reviewers #1, #3 and #4 were addressed. Reviewer #2 asked to confirm that the recordings were epileptic-like events by applying standard antiepileptic drugs to the system. Unfortunately, due to the worldwide epidemic situation, Instituto de Medicina Molecular João Lobo Antunes is closed, with no prediction of reopening. To better show the occurrence of an evolving epileptic-like activity, Fig. 3 now shows the spontaneous activity of rhinal cortex-hippocampus organotypic slices after 7, 14 and 21 days in culture and the definition of interictal and ictal-like epileptiform activity considered by the authors was also included in the manuscript. If the experiment asked by Reviewer #2 is still considered of utmost relevance to the paper, I am forced to ask for much more time to do it.

Furthermore, Reviewers complained about the poor quality of the representative images for the immunohistochemical assays, which I believe is attributed to the PDF that was sent for review. If this is not the case, please let me know, so that I contact Bioimaging Unit to find out what might have occurred. Following their advice, z-stacks were acquired in Zeiss 710 Confocal microscope and the maximum intensity projection was obtained in the ZEN software (from Zeiss). Panels were prepared in Adobe Illustrator and exported having into consideration the 300 dpi quality.

I hope that now our MS proves suitable for publication in The Journal of Visualized Experiments.

Yours sincerely,
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__________________________________________

Cláudia Alexandra dos Santos Valente de Castro, PhD

Researcher / Invited Assistant Professor

Instituto de Farmacologia e Neurociências

Faculdade de Medicina da Universidade de Lisboa 

Email:  cvalentecastro@medicina.ulisboa.pt

Tel:     +351 217985183


Response to Reviewers

Editorial comments

1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no spelling or grammar issues. The JoVE editor will not copy-edit your manuscript and any errors in the submitted revision may be present in the published version.

Answer. The authors have revised the whole manuscript carefully.

2. Unfortunately, there are a few sections of the manuscript that show overlap with previously published work. Though there may be a limited number of ways to describe a technique, please use original language throughout the manuscript. Please see lines: 33-40, 59-66, 70-80, 82-85.

Answer. The referred sentences were restructured.

3. JoVE cannot publish manuscripts containing commercial language. This includes trademark symbols (™), registered symbols (®), and company names before an instrument or reagent. Please remove all commercial language from your manuscript and use generic terms instead. All commercial products should be sufficiently referenced in the Table of Materials and Reagents.

Answer. This issue was addressed.

4. Please highlight 2.75 pages or less of the Protocol (including headings and spacing) that identifies the essential steps of the protocol for the video, i.e., the steps that should be visualized to tell the most cohesive story of the Protocol. Remember that non-highlighted Protocol steps will remain in the manuscript, and therefore will still be available to the reader.

Answer. The authors have changed the highlighted protocol steps. 

5. Please ensure that the highlighted steps form a cohesive narrative with a logical flow from one highlighted step to the next. Please highlight complete sentences (not parts of sentences). Please ensure that the highlighted part of the step includes at least one action that is written in imperative tense.

Answer. The highlighted steps were revised. However, the authors have always excluded the references to forceps, blades and pipettes which appear in the middle of some sentences.
6. As we are a methods journal, please revise the Discussion to explicitly cover the following in detail in 3-6 paragraphs with citations:

a) Critical steps within the protocol

b) Any modifications and troubleshooting of the technique

c) Any limitations of the technique

d) The significance with respect to existing methods

e) Any future applications of the technique
Answer. The discussion is now more extensive.
Reviewer #1

This manuscript introduces experimental methods of rat rhinal cortex-hippocampal organotypic slices as a model of epileptogenesis. The described culture and relevant experimental methods are useful for experimenters to set up such a model. I believe the methods and the results are reliable and can be reproducible. However, the manuscript needs to be revised to improve the quality.

Major Concerns:

1. Although this is a method article, the information given in the introduction and discussion sections are limited. The authors claimed that 'in-vivo like' epileptic slices can be obtained by a gradual deprivation of serum in the medium that is a key and unique part of this method I believe. I am wondering whether the authors have used control groups (using one of the standard OHSC medium- either MEM with serum- or Neurobasal with B27-based) to compare with their method and to show their method can produce reliable epileptogenesis closer to the in vivo situation. So far most published articles for the in vitro epileptogenesis slice models use the serum free medium (Neurobasal based), therefore this comparison will be necessary to justify the method. If there is previously published data from the authors for example, it will be useful to mention in Introduction or Discussion.

Answer. Rhinal cortex-hippocampus organotypic slices were not viable upon an abrupt change to serum-free medium at 3 DIV, as described in pre-existing models. This was extensively tested by the authors and hence the gradual serum deprivation was implemented. Furthermore, the authors have shown in Magalhães et al., 2018 (reference #14), that slices maintained in serum-containing medium depicted a physiological activity. This remark is now included in the Introduction.
2. The results shown here is from slices cultured up to 2 weeks. The author claim that this model can be used for new target and drug discovery in epileptogenesis and neuroinflammation. 2 weeks can be little short to design an experiment to test drugs to see efficacy in the epileptogenesis. It would be useful to share more background information (or at least to address in the discussion section) about, 1) how long can these slices be maintained in the culture? 2) What proportion of slices is expected to show interictal and ictal in different time points? 3) Are there any long-term characterization data regarding neuroinflammtion and epileptiform activity? 4) If these cultures cannot be maintained for more than 2 weeks, this has to be mentioned as a limitation of the method in the discussion section.

Answer. These cultures are always maintained until 3 weeks. Fig. 3 now has a representative trace of the spontaneous epileptiform activity depicted by a 21 DIV slice. 
Minor Concerns:

1. In general, the manuscript is not well reviewed by the authors. The sentences need to be polished.

Answer. The manuscript was revised by the authors and some sentences were refined.
2. Fig. 1A does not give any information compared to 1B. The respective sentences (line 141) is not relevant to Fig.1A

Answer. Fig. 1A was eliminated from the panel. The former Fig. 1B is now Fig. 1A and all figures were renamed accordingly in the panel and in the manuscript.
3. For beginners, it will be hard to understand the steps of Fig. 1C and 1D. However, I assume that a video material will help.

Answer. Indeed, the video will help to better understand these steps.
4. Reference need to be checked in line 171 (normally it should be numbered)

Answer. Reference was replaced by the adequate number.
5. In line 186, it is not clear what ' close circuit' means. Is it an electronic circuit or perfusion flow circuit? Because you mentioned flow rate 2mL/min...

Answer. “Close circuit” means that the medium is in a container and after passing through the system, tubing and interface chamber, returns to the same container. Flow rate is set at 2mL/min.
6. I do not understand line 191. It need to be rephrased.

Answer. The electrophysiology set-up was first perfused with water, to ensure that there were no leaks throughout the tubing. After 15 min, the perfusion fluid was changed to pre-warmed Neurobasal A. To avoid confusions the sentence “Switch to the previously prepared NBA medium” was removed.
7. I found that Fig. 3B does not give any value. It can be removed

Answer. Fig. 3 aims to show the representative electrographic seizure-like events throughout time in culture. Fig. 3A shows the representative discharges recorded from CA3 region of the hippocampus after 7 DIV, while Fig. 3B depicts the discharges at 14 DIV. Fig. 3 now has a Fig. 3C that illustrates the recordings obtained at 21 DIV. 
8. For interical and ictal activity the authors can mention what analysis criteria they used based on what background information

Answer. Based on previous descriptions of epileptic signal analysis in organotypic hippocampal slices, the authors have defined interictal epileptiform activity as paroxysmal discharges that are clearly distinguished from background activity, with an abrupt change in polarity and occurring at low frequency (<2 Hz). Paroxysmal discharges lasting more than 10 s and occurring at higher frequency (≥2 Hz) are characterized as ictal epileptiform activity. If an ictal event occurs within 10s after the previous one, the authors have considered the two events as only one ictal event. These definitions are now included in the manuscript (line 267).

9. In Fig. 5A and B, it is not clear to see the difference between 7 DIV and 14 DIV. The morphology indicated by arrows and arrowheads is not very visible even in the magnified images.

Answer. Arrows point to ramified microglia with low CD68 expression. According to the fluorophores used in the immunohistochemistry assay these Iba1+/CD68- microglia are bright red and are much more abundant at 7 DIV. Arrowheads indicate less ramified or bushy/amoeboid microglia with higher CD68 expression. These Iba1+/CD68+ microglia have greenish or yellow regions and can be observed at 14 DIV.

The authors believe that the difficulty in seeing these morphologies is attributed to the PDF that was sent for review. Z-stacks were acquired in Zeiss 710 Confocal microscope and the maximum intensity projection was obtained in the ZEN software (from Zeiss). Panels were prepared in Adobe Illustrator and exported having into consideration the 300 dpi quality.
10. The first sentence in the discussion section (line 360) is completely irrelevant.
Answer. This sentence was removed.
Reviewer #2: 


Manuscript Summary:

In the present study, authors introduced a method for preparing the rhinal cortex-hippocampus organotypic slice cultures in which they induced epileptiform activity and claimed that it is a good model for investigating "the dynamics and progression of epileptogenesis" and wrote that this model "can used for a deeper understanding of the mechanisms of epileptogenesis onset and progression". Although they did not pay to these aspects of epileptogenesis and just re-confirmed "a progressive 303 activation of microglia and astrocytes throughout the course of epileptogenesis", their method is also very useful for finding the mechanisms of epileptogenesis. On the whole the study seems to perform carefully and many aspects of methods have been considered carefully.

Major Concerns:

1- In the title and whole text it is better to write "organotypic brain slice culture" instead of "organotypic brain slices".

Answer. This alteration was addressed in the title and in some other sentences throughout the manuscript.
2- The present study is very similar to a previous study that authors referred to it (Magalhães, D.M., Pereira, N., Rombo, D.M. et al. Ex vivo model of epilepsy in organotypic slices—a new tool for drug screening. J Neuroinflammation 15, 203; 2018). The similarities between these two studies is so high that it is necessary to write exactly and precisely what is the innovation of the present study. In addition, they have to explain the methodologically differences between the present study and Magalhães et al. Meanwhile, in the "Culture maintenance", section 4.5., it is necessary to write briefly the method of epileptiform activity induction (controlled deprivation of serum in the medium).

Answer. The first author of the present study, Cláudia A. Valente, is the corresponding author of the paper Magalhães et al., 2018. There was an invitation from JoVE to better illustrate the model of epileptogenesis presented in J Neuroinflammation. Thus, there are no methodological differences between the present study and the one described in Magalhães et al. 
Regarding the serum deprivation protocol, Opti-MEM medium supplemented with 25% of horse serum (HS) is used to maintain the slices up to 3 DIV. In the first medium exchange (3 DIV), Opti-MEM based medium is replaced by Neurobasal A (NBA) supplemented with 2% B27, 1 mM L-glutamine (Q) and 15% HS, in the second medium exchange (5 DIV) NBA/10% HS is added to slices, at 7 DIV NBA/5% HS is used and from 9 DIV on, slices are kept in NBA with no HS. Thus, HS decreases from 25% (at 3 DIV) to 0% at 9 DIV. 

3- Introduction, Line 3: The authors wrote that "30-40% of patients are refractory to therapy and continue to experience seizures". However, according to most of references this percentage is 20-30%. Please correct it and cite to a valid and suitable reference.
Answer. The authors changed the sentence to "one-third of patients with epilepsy are refractory to therapy and continue to experience seizures". Reference #1, Fisher et al., 2010, was added to the manuscript. All the other references were changed accordingly.
4- Introduction, Paragraph 2, Lines 3-4: Authors claimed that "animal models of epilepsy are expensive and time-consuming" and concluded that organotypic brain slices are better to be used. I think it is not a good reason for encouraging the researcher to use organotypic slices. Having a mouse or rat and using its brain slices is not more expensive than preparing an organotypic slice. In addition, it is possible to induce epileptiform activity in brain slices easily by using high-K+ or zero-Mg2+ artificial cerebrospinal fluid, it is not time-consuming. Please write logic reasons here.
Answer. Introduction now explains better the various models of epilepsy. 

5-In "Immunostaining steps", section 2.3., figure citations are wrong! This section relates to figure 2; but not figure 3.

Answer. Figure citations were corrected.
6-To confirm that recorded LFPs are epileptiform activity, the authors can apply one or two standard antiepileptic drugs and show their effectiveness.

Answer. At the moment, the application of antiepileptic drugs to the system cannot be performed. Unfortunately, due to the worldwide epidemic situation, Instituto de Medicina Molecular João Lobo Antunes is closed, with no prediction of reopening. 

To better show the occurrence of an evolving epileptic-like activity, Fig. 3 now shows the spontaneous activity of rhinal cortex-hippocampus organotypic slices after 7, 14 and 21 days in culture. The definition of interictal and ictal-like epileptiform activity was also included in the manuscript (line 267).


7- In "Electrophysiological recordings", section 2.3., why did the authors stimulated the slice with 1-4 V? If the "controlled deprivation of serum in the medium" leads to epileptiform activity, they have to record only spontaneous LFPs. Please explain it.

Answer. The authors did not stimulate these slices, only recorded the spontaneous activity. 

Minor Concerns:

-in "2. Brain harvesting" section, change numbering 2.1.1. to 2.1.
-All abbreviations (e.g. DIV etc) needs tone written in complete form when appeared in the text for the first time.

Answer. These issues were addressed. 

Reviewer #3:

Manuscript Summary:

This protocol describes the preparation of rhinal cortex + hippocampal slice cultures as well as procedures for recording from them electrophysiologically and techniques for quantifying cell death and neuroinflammation.


Major Concerns:

1. The manuscript focuses on the aspect of the protocol wherein the concentration of horse serum in the culture medium is gradually decreased over the first nine days in vitro. It's not clear from this manuscript or the referenced Magalhães et al that HS depletion produces different levels of epileptiform activity vs control slices (only representative traces are shown from single slices). Published literature on hippocampal slice cultures demonstrates epileptogenesis without modifications to the culture medium (https://doi.org/10.1016/0165-0270(89)90051-4) and in a wide variety of serum-free media formulations (https://doi.org/10.1371/journal.pone.0172677). It is possible that slices including the rhinal cortices are different, necessitating the additional perturbation of serum-deprivation, but I could find no such evidence. Presumably other groups would find the same, limiting the utility of this protocol in it's current form.

Answer. Indeed, the authors based their model in pre-described models of epileptogenesis in organotypic slices, but the model presented here is different from those. It is different because it uses rhinal cortex-hippocampus organotypic slices, instead of hippocampal organotypic slices, and because it involves a gradual deprivation of serum, instead of an abrupt change to serum-free medium. Rhinal cortex-hippocampus organotypic slices were not viable upon an abrupt change to serum-free medium at 3 DIV, as described in pre-existing models. This was extensively tested by the authors and hence the gradual serum deprivation protocol was implemented.

A complete characterization of the epileptic signals displayed by these slices throughout time in culture, such as number and duration of ictal events, together with their amplitude and frequency, is currently being performed. As there are several animal models of epilepsy (thoroughly revised in https://doi.org/10.1124/pr.110.003046 and https://doi.org/10.1007/s11064-017-2222-z), this model of epileptogenesis in rhinal cortex-hippocampus organotypic slices can become an alternative to other models already published in hippocampal slices. 


2. The abstract and introduction suggest that organotypic slice cultures exhibit no difference in synaptic connectivity. However the literature shows robust dendritic sprouting (https://dx.doi.org/10.1113%2Fjphysiol.2003.039099) and a >20-fold increase in the fraction of interconnected CA3 pyramidal cells (https://doi.org/10.1152/jn.1995.73.3.1282). This reflects the authors' apparent bias towards neuro-inflammation (vs. synaptic re-organization) as the mechanism of epileptogenesis.

Answer. The authors have altered the introduction.

3. It is likely that inflammation is related to epileptogenesis. And, it does seem that serum deprivation increases cell death and inflammatory markers. But it is unclear that this enhanced inflammation is necessary or contributes to epileptogenesis. Epileptogenesis in unchanged culture medium is viewed as a model of deafferenting injury, wherein the deafferentation comes from slicing. It is unclear what pathophysiological process serum deprivation is modelling.

Answer. In this model, the authors believe that epileptogenesis is not only driven by deafferentation injury. If it were, all slices would demonstrate epileptic-like activity. As the authors explained in Magalhães et al. 2018, most rhinal cortex-hippocampus organotypic slices, maintained in a serum-based medium do not display paroxysmal discharges, precluding the possibility that slice preparation per se could be the only cause for spontaneous activity. The pathophysiological process that serum deprivation is modelling is currently under study.
Overall, the protocols for slice preparation, recording, and staining are clearly presented. But the utility of the serum-deprivation protocol as a model of epileptogenesis is low, unless the authors can provide statistical evidence of this. Perhaps if this were presented as a model of enhanced neuroinflammation, it would find broader acceptance?

Answer. As already said, the authors verified that rhinal cortex-hippocampus organotypic slices were not viable upon an abrupt change to serum-free medium at 3 DIV, as described in hippocampal slices, and decided to remove the serum gradually. However, the biological process that serum deprivation, either abrupt (as in other models) or gradual (as in this model), is modelling is still unknown. 

Neuroinflammation is a molecular correlate of epilepsy, but nowadays is also considered a potential cause for this pathology. Indeed, this model mimics several neuroinflammatory features of epilepsy and thus might open new horizons for investigating the contribution of inflammatory pathways to epileptogenesis.
Minor Concerns:

1. Is the horse serum replaced with something in the serum deprivation protocols? If not, is there substantial osmolarity shift during the deprivation?
Answer. Yes, Opti-MEM medium supplemented with 25% of horse serum (HS) was used to maintain the slices up to 3 DIV. From the first medium exchange, at 3 DIV, Opti-MEM based medium is replaced by Neurobasal A supplemented with 2% B27, 1mM Q and decreasing concentrations of HS until it reaches 0% HS at 9 DIV.

Regarding osmolarity, the authors have not measure it.
2. The overall quality of the figures is low (pixellation of subpanel labels, etc.) - this may just be an artifact in the pdf?

Answer. The authors believe that this is attributed to the PDF that was sent for review. Z-stacks were acquired in Zeiss 710 Confocal microscope and the maximum intensity projection was obtained in the ZEN software (from Zeiss). Panels were prepared in Adobe Illustrator and exported having into consideration the 300 dpi quality.

Reviewer #4:


Manuscript Summary:

The manuscript of Valente and colleges describes the preparation and maintenance of combined rhinal cortex-hippocampus slice cultures with a serum free medium formulation following the Stoppini method (1991). In addition they describe ongoing changes associated with spontaneous epileptogenesis.

The description of the electrophysiology, the culturing as well as the (immuno)fluorescent labeling procedures of the diverse cell types are clear and concise and there is enough information to successfully repeat the procedure in any other lab. The major findings i.e. ongoing cell loss, microglial activation and transformation of astrocytes open up new horizons for investigating the inflammatory pathways of epileptogenesis.


Major Concerns:

The abstract of the manuscript implicates (page 3 lines 43-44) that the serum free procedure (over other slice culture protocols) would be critical for the spontaneous epileptogenesis (see also Magalhaes et al., 2018). Indeed, serum deprivation was shown to induce ROS formation and subsequent cell loss and might therefore account for many of the observed changes in microglia activation and network reorganisation underlying the appearance of the spontaneous activity. However, increased seizure-susceptibility and the occurrence of spontaneous epileptiform activity (especially in slices aged >DIV14) have been described in several laboratories using serum containing media formulations.
Is the present model simply accelerating the degradation of the cultures or does it represent a specific mechanism with regard to epileptogenesis?
It is to note that the presence of a certain type of network activity in the recording chamber (with a completely different aCSF) does not indicate presence or absence of the same activity in the incubator (Albus et al., 2013).

Answer. Several researchers have shown the occurrence of spontaneous activity in hippocampal organotypic slices, but most of them change slices at 2-3 DIV to a serum-free medium. Rhinal cortex-hippocampus organotypic slices were not viable upon an abrupt change to serum-free medium at 3 DIV, as described in pre-existing models. This was extensively tested by the authors and hence the gradual serum deprivation was implemented. The pathophysiological process that serum deprivation is modelling is currently under study.
In this system, epileptic-like activity seems to evolve faster than in published models of epileptogenesis in organotypic hippocampal slices. This might be attributed to the presence of the rhinal cortex, which preserves most of the functional input to the hippocampus and contributes to epileptogenesis. To fully address this topic, a complete characterization of the epileptic signals displayed by these slices throughout time in culture, such as mean number and duration of ictal events, together with their amplitude and frequency, is currently being performed. The authors have added this paragraph to the discussion.

No quantification is given for the changes in PI (page 8, "..but the number of PI+ neurons increased..") and in immunolabeling for CD68, C3d between DIV7 and DIV 14. Although a quantitative comparison might not be the main aim of the study, it would be helpful for other laboratories using different culturing protocols.

Answer. Representative images of PI uptake/NeuN, Iba1/CD68 and GFAP/C3d were just qualitative. The authors decided to show some representatives images of progressive neuronal death and gliosis in this system, but this was not the aim of the invitation from JoVE. 

Minor Concerns:

The role of rhinal cortex in epileptogenesis has been described in the introduction but no recording from the cortex is presented. Usually, keeping the adjacent cortex improves quality of the slice, but in our hands it had no effect on the presence or absence of epileptiform activity.

Answer. By keeping the rhinal cortex, the authors aimed at preserving most of the functional input to the hippocampus. Furthermore, the presence of the rhinal cortex was described by Vismer and co-workers (Reference #13) to be relevant for epileptogenesis. In this system, epileptic-like activity seems to evolve faster than in published models of epileptogenesis in organotypic hippocampal slices. To fully address this topic, a complete characterization of the epileptic signals displayed by these slices throughout time in culture, such as mean number and duration of ictal events, together with their amplitude and frequency, is currently being performed. The authors have added this paragraph to the discussion.

The authors did not record from cortex. That is something that can be performed in the future.

The quality of the histo images in the pdf for review were too poor to judge the statements. It might be just a problem of this version, but for the publication one will need higher resolution images. You might also think about changing LUT for the red channel, to improve its visibility.

Answer. The authors believe that this is attributed to the PDF that was sent for review. Z-stacks were acquired in Zeiss 710 Confocal microscope and the maximum intensity projection was obtained in the ZEN software (from Zeiss). Panels were prepared in Adobe Illustrator and exported having into consideration the 300 dpi quality.
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