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Dear Dr. Vineeta Bajaj,

Subject: Immunohistochemistry Techniques to Analyze Cellular Proliferation and Neurogenesis Using the Thymidine Analog BrdU. Manuscript No. JoVE61483R1.

Thank you for your email, enclosing the editors and reviewers’ comments. We have carefully reviewed the comments and have revised the manuscript accordingly. Our responses are given in a point-by-point manner below. The changes to the manuscript have been tracked to identify all of the manuscript edits. The corrections and suggestions provided by you and the reviewers helped improve the paper. We hope the revised version is now suitable for publication, and we look forward to hearing from you in due course.

Sincerely,
Mario Buenrostro-Jauregui, Ph. D.
Universidad Iberoamericana
México City
México
mario.buenrostro@ibero.mx 

General Statements about the Revised Manuscript
We strived to cover most of the reviewers' comments. We addressed those comments that we felt were the most relevant and those who stuck to our article's focus. In other cases, we justify the reasons for noncompliance in the Point-by-Point Response to Comments section of this letter (see below). We also performed minor modifications throughout the article adds to those kindly recommended by reviewers to improve clarity and accuracy. Changes in the manuscript were agreed on by all authors. An academic English editor service was hired to revise and proofread the manuscript. All the changes in the manuscript by both the editor and us were tracked. You will find below a point-by-point response to yours' comments. Regular font style is used for featured comments, and italics have been used to show our responses.

Point-by-Point Response to Editorial Comments


Editorial Comments

1. The editor has formatted the manuscript to match the journal's style. Please retain and use the attached version for revision.
2. Please address all the specific comments marked in the manuscript.
3. Once done please ensure that the highlight is no more than 2.75 pages including headings and spacings.

The manuscript needs a thorough proofreading. 
Response: This issue was addressed. The manuscript has been edited by an academic English Editor service. 

Please ensure the Introduction to include all of the following: 
a) A clear statement of the overall goal of this method
b) The rationale behind the development and/or use of this technique
c) The advantages over alternative techniques with applicable references to previous studies
d) A description of the context of the technique in the wider body of literature
e) Information to help readers to determine whether the method is appropriate for their application
Response: We reworded some parts of the Introduction section.

How where? “The patients received the injection”
Response: We added the info as follow “The patients received the BrdU injection (250 mg intravenous).” (see page 2, line 82). 

Please remove the redundancy and make the protocol crisp. 
Response: This issue was addressed.

Please use complete sentences throughout. 
Response: This issue was addressed.

Please do not use personal pronouns in the protocol section
Response: This issue was addressed.

Please use S.I. abbreviations throughout so ml will be mL, gram is g, Liter is L, hour is h, minute is min, etc. Please do not include a period after the abbreviation.  
Response: This issue was addressed.

Once all changes have been performed, please ensure that the highlight is no more than 2.75 pages including headings and spacings.
Response: This issue was addressed.

If small volume is preferred why is the dilution performed? The sentence above state 0.5 mL/ rat , here it ‘s 20mg/mL. Please check this discrepancy.  
Response: There is no discrepancy; they are two different things. Step 1.1.1 states, "Make enough volume calculating at least 0.5 mL/rat per injection," which refers to the volume that will be injected to each rat. While in the Note states, "dilute the dose of 50 mg/per kg of body size in a final solution of 20 mg of BrdU in 1 mL." The above refers to the final concentration of the solution, not the volume to be injected. We understand that repeating the instruction can generate confusion, so we decided to withdraw the second one. The final Note is "It is preferable to inject a small volume to minimize the suffering of the animals." (see page 6, line 250).

Please change this to Double distilled throughout the manuscript.
Response: This issue was addressed.

What is this used for? Where is C? Please expand the term “1.10. ABC solution”
Response: We reworded the sentence as follows “1.10. Avidin-Biotin Complex (ABC) solution.” (see page 8, line 323).

Which part of the body? “2.2. Administer intraperitoneally (i.p.)”
Response: Intraperitoneal injection is the injection of a substance into the animals’ peritoneum. It is a very common administration way. We reworded the sentence as follows “2.2. Administer the BrdU solution (50 mg/kg) intraperitoneally (i.p.) using a proper gauge needle (e.g., 23 G) and syringe (e.g., 1 mL) for the animal weight (e.g., 350 g).” (see page 9, line 354).

Citation? “Different routes could be used to administrate the BrdU solution.”
Response: We added a citation “Taupin, P. BrdU immunohistochemistry for studying adult neurogenesis: Paradigms, pitfalls, limitations, and validation. Brain Research Reviews. 53 (1), 198–214, doi: 10.1016/j.brainresrev.2006.08.002 (2007).”

Please do not make too many sub headings.
Response: We have eight subheadings that indicate very different stages of the protocol; removing them can generate more confusion between the steps. We removed the subtitles that could be integrated into the body of the text.

Please reword for clarity. What kind of physical activity was performed? When was the time point of BrdU injection? “NOTE: Three-month old rats underwent a voluntary physical activity protocol for seven days. Rats were injected three times with BrdU, as described above in step 2, with 12 h between each other. To complete three cell cycle divisions, 8 h after the last BrdU injection continues to step 3.”
Response: We reworded the paragraph as follows “NOTE: Three-month-old rats underwent a voluntary physical activity protocol (endless wheel) for seven days. On day 6, rats were injected with BrdU (step 2), and every 12 h until complete three injections. Continues to step 3 after eight hours of the last BrdU injection.” (see page 9, line 365).


Blood is drained out and the solution becomes clear. “Using a pump or gravity, perfuse (flow rate 5-7 mL/min.) 0.1 M PBS until the draining blood becomes clear.”
Response: We reworded the sentence as follows “Using a pump or gravity, perform cold perfusion (flow rate 5-7 mL/min) with PFA solution to fix the tissue until the tail becomes rigid.” (see page 9, line 385).

Added here please check. “to fix the heart until the tail becomes rigid.”
Response: We reworded the sentence as follows “to fix the tissue until the tail becomes rigid.” (see page 9, line 385).

Which solution PBS or PFA? “NOTE: Usually, a 300 g rat requires around 100-150 mL of the solution.”
Response: We reworded the sentence as follows “NOTE: Usually, a 300 g rat requires around 100-150 mL of the PFA solution.” (see page 9, line 392).

Decapitate? “3.4.1. Remove the animal’s head”
Response: We reworded the sentence as follows “3.4.1. Decapitate, and gently extract” (see page 10, line 398).

Do you visually look for something when checking the degree of fixation. “NOTE: Do not over-fixate, because tissue could lack staining due to the unavailability of antigens.”
Response: We reworded the sentence as follows “Do not over-fixate (more than 48 h), because tissue could lack staining due to the unavailability of antigens.” (see page 10, line 402).

What is being done here? “3.4.2. Immerse the brain into a conical tube with a 30% sucrose in 0.1 M PBS solution (35 mL) for approximately 1-2 days at 4 °C until the brain sinks in the tube.”
Response: We reworded the paragraph as follows “3.4.2. Prepare a 100 mL of 30% sucrose solution, adding 30 g of sucrose to 70 mL 0.1 M PBS solution under constant stirring.  Add 0.1 M PBS solution until 100 mL. Immerse the brain into a conical tube with a 30% sucrose solution (35 mL) for approximately 1-2 days at 4 °C until the brain sinks in the tube.” (see page 10, line 405).

This note is redundant and can be removed. Citing ref 13 is ok. “NOTE: There is a diversity of instruments as a viable option to cut the thin (40) brain slices. The rocking microtome, sliding microtome, vibratome (which does not require freezing the tissue), and the cryostat-microtome (which requires freezing the tissue) are the two commonly used techniques. In this case the second type was used because of its availability in the laboratory. Using a cryostat-microtome requires training and guidance. Carefully review the manual guidelines of the instrument. To cut brain section, read further detailed instructions, see ref.14.”
Response: We reworded the note as follows “NOTE: Using a cryostat-microtome requires guidance and training. For detailed instructions, see Revilla & Jones (2002).” (see page 10, line 41).

Is this whole brain from step 3.4.2? Is there a washing step in between? “3.5.1. Submerge the brain into -80 °C iso-pentane and keep it at -80 °C for 10 min. Place the brain in an embedding matrix on a cryostat-microtome plate.”
Response: We reworded the sentence as follows “3.5.1. Submerge the whole brain (from step 3.4.2) into -80 °C iso-pentane and keep it at -80 °C for 10 min. Place the brain in an embedding matrix on a cryostat-microtome plate”. Not washing step is needed. (see page 10, line 421).

Please include the step numbers. Also notes cannot be filmed so please remove the highlight throughout.
Response: This issue was addressed.

Reworded for clarity please check. “NOTE: Perform step 4.3.1 to 4.3.4 on the day 1.”
Response: This issue was addressed. We are ok with change.

Removed the note and added here. “4.3.5. On the day 2, Rinse 3 times, 10 min each, into 0.1 M PBS.”
Response: This issue was addressed. We are ok with change.

How do you visually identify? Will you observe this in all brain sections? “identify the dentate gyrus properly”
Response: Since we don't have a lot of space to describe in detail instructions to identify the DG. We reworded the sentence as follows “8.1. To quantify cells, first, identify the dentate gyrus properly with the 4X magnification lens (for further instructions on DG anatomical detail, see Amaral et al., 2002)”, and added the ref 15. (see page 16, line 665).

Please ensure that the Discussion 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
Response: We reworded some parts of the Discussion section.


Reviewer #1:
Manuscript Summary:
The authors satisfactorily answered all my concerns. They have improved the quality of their images, which was the main flaw of the previous version of the manuscript.


Reviewer #4: 
Manuscript Summary:
This submission detailed the entire process of BrdU detection of new neurons, from BrdU injection to microscopy and quantification. Overall, this is an ambitious task to take on and the authors do a pretty good job of creating a rigorous protocol. The title suggests that this submission will only cover the IHC detection for BrdU. The authors may want to adjust the title to include the other methodologies. That said, the IHC section contained the most clear and comprehensive description of methodology. BrdU injections, perfusions, and thin tissue sectioning were covered in comparably less detail, at levels closer to what you can already find in publications. The microscopy section probably requires the most attention, as it was a bit technical while also lacking in detail. In fact, an entirely separate submission could be devoted to microscopy alone, hence the current protocol being a bit ambitious. Below are some additional considerations.

Major Concerns:
1) The introduction provided a great description of procedural history and comparison with more modern techniques. However, it could be useful for the authors to also add some details about how long BrdU will circulate the blood before metabolization. This could be useful information to individuals accessing this document for experimental design purposes.
Response: We added the following sentence to introduction section: “It is essential to know that BrdU is present in a saturated concentration in mice and rat serum for 15 and 60 min, respectively, after  intraperitoneal administration, then drops rapidly until undetectable levels at 60 and 120 min respectively.” (see page 3, line 128).

2) 1.12 The authors may want to add a disclaimer to their cresyl violet solution. Their current methodology may come out a bit dark for a counterstain with BrdU, thereby obscuring the ability to accurately count cells. An experimenter may want to play with nissl concentrations before committing to a counter stain.
Response: We added a note as follows “The user is encouraged to test different concentrations of the cresyl violet solution before using it on valuable tissue samples. The result may be dark for counterstaining with some tissue samples, which may decrease the ability to count BrdU positive cells accurately.” (see page 8, line 340).

3) In 3.5.1 do the authors mean -80 or -20C? Our experience with rapid freezing brains to -80 is that they crack and cause damage to the tissue. Furthermore, if they are being placed at -20C for sectioning, it's not clear why they should be at -80F, given the risk of fast freezing tissue damage.
Response: We have never experienced tissue fracture when we immerse the tissue at -80 ° C in iso-pentane bath. In any case, we added a note as follows "Under certain conditions,  a fast brain freezeat -80 °C can cause fracture or damage to the tissue. The user should be aware of this problem. If so, adjust a temperature of -20 ° C in iso-pentane bath to freeze the brain." (see page 10, line 424).

4) 3.5.2 Protocol says store in cryoprotectant for up to one month. We've stored tissue for years and had excellent results. Perhaps mention that it's possible to store for longer, so new experimenters accessing this protocol don't discard tissue older than a month.
Response: We added a note as follows “It is possible to store brain sections for years under the right conditions.” (see page 10, line 432).

5) I was unable to view the figures, as my PDF would crash every time it would try to load the pictures. I've never experienced this before on a PDF. I have well equipped computer, and tried restarting my program and computer, so I'm not sure what's going on.
Response: It is something strange to happen. In any case, we have rebuilt the image files to solve a possible coding error in the image file construction.

6) Please note various minor editing errors, like 8.2.2
Response: This issue was addressed. The manuscript has been edited by an academic English Editor service.

Reviewer #5: 
Manuscript Summary:
Journal of Visualized Experiments
Immunohistochemistry techniques to analyze cellular proliferation and neurogenesis using the thymidine analog BrdU
Buenrostro-Jauregui M. et al
The concept of neurogenesis in the adult mammalian brain has met with skepticism first; but in the end, has also resulted in important new technical and scientific insights; i.e. showing that DNA synthesis and incorporation of thymidine analogue BrdU is not confined to de novo neurogenesis, but may also occur in damaged and dying neurons.
The manuscript by Buenrostro-Jauregui et al. describes extensively the staining method, and procedures, namely of BrdU, and its relevance in defining adult neurogenesis in the dentate gyrus. I wasn't aware of its difficulties that much; but it is overall a good idea to bring these important method to a broader audience. I am aware that this already is a revised manuscript, and I hope my suggestions won't collide with previous reviewers. Please see all comments in detail below.

Comments:
For the abstract (p2 li46 when DNA is mentioned) and the introduction (p2 li102), it seems very important to mention the acid denaturation (HCL) step here (which opens the nucleus; since this is, to my knowledge, the main reason why people who are familiar with IHC in general may not be able to detect BrdU at first). 
Response: We added a mention in the abstract as follows “For instance, there is a necessary a step to reach the DNA, which consists of denaturize it with HCL.” (see page 2, line 51); and in the introduction as follows “On the other hand, BrdU can be found in the cellular nucleus since it is incorporated into the DNA during S-phase by competition. Therefore, a crucial step is the DNA denaturalization with HCL, which opens the DNA bonds to allow the BrdU antibody access to the BrdU within the DNA.” (see page 3, line 125).

Furthermore (s. Discussion, p17 li725-30), although BrdU labels mitotic cells of a mainly neuronal lineage in the SVZ, SGZ, it is not per se a neuronal marker; to detect those one has to double/triple stain for markers of the neur(on)al lineage (e.g. Kempermann 2004; please revise the sentences). In addition, BrdU can be found throughout the entire brain, as it not only marks neurogenic niches but also the progenitor cell in non-neurogenic regions (NG2+ cells, mainly found in pairs).
Response: We added some sentences to solve this issue as follows “As mentioned before, BrdU staining is the most commonly used method for adult neurogenesis research to detect cell proliferation. However, the use of BrdU as a marker has limitations and pitfalls. The first one is that BrdU is a cell cycle marker. Therefore, double or triple staining must be performed to identify the cell fate, and include cell markers to detect the specific developmental stage of the cells labeled.” (see page 20, line 847).

 
For the BrdU antibody used, I am wondering why you use mouse; the main and widespread one is rat monoclonal BrdU from (now) Abcam; it is important that it contains BU1/75 (ICR)1. (Rat is also a good choice in terms of co-labeling since additional antibodies mainly derive from i.e., mouse or rabbit.)
Response: As we used rats for our experiments, and under the general premise that the primary antibody is increased, the animal should be different from the species used in samples to avoid cross-reactivity, therefore, we used anti-mouse antibody. However, since the brain tissue was perfused, you might expect to see low non-specific labeling by the anti-rat secondary antibody in the brain tissue and blood vessels. Therefore, we will test this particular antibody (Anti-BrdU antibody [BU1/75 (ICR1)] ab6326), thanks for your valuable suggestion. We used the monoclonal anti-BrdU (mouse IgG1 isotype) antibody (B2531 SIGMA) which is derived from the BU-33 clone. This antibody has widely been used to investigate cell proliferation specifically in hippocampal cells. Nevertheless, we appreciate the valuable suggestion.

1. Reagent preparation and setup
1.1.2.1 /2 e.g., a pre-heat or water bath is not needed, a strong vortex is enough; however, in use of larger amounts you will probably have to heat it up
Response: We added a note as follows “NOTE: Pre-heat the saline solution at 45-50 °C in a water bath for volumes bigger than 1ml.” (see page 6, line 255).

IMPORTANTLY, when BrdU is dissolved in saline, it has to be filtered for sterile injections, and kept in the dark; as of the first manuscript version, you had written that an 'in saline diluted BrdU' can be used for 24 hours. This is correct, and I would mention it!
Response: We added a note as follows “It is recommended to prepare the BrdU solution immediately before use. However, the solution is stable for 24 h under rt. Filter the solution with a syringe filter for sterile injection. Please protect it from light.” (see page 7, line 266).

For PBS, and 'horse' serum, respectively, I would mention that you can alternatively use 1 x TBS, or any other serum (bovine or donkey), respectively
Response: We added a note as follows “NOTE: Alternatively, TBS can be used instead of PBS. Any other serum different from the host’s antibodies and experimental tissue is suitable.” (see page 7, line 281).

For PBS+, ++, e.g., 3% serum and a final conc of 0.1% Triton are enough (4.1.4, 5 30 min blockage in PBS+, and antibodies in PBS+)
Response: We are sure that alternative concentrations for Triton work fine.  However, this protocol includes times and concentrations for all working solutions tested and used in experiments that are carried on in our laboratory. As mentioned in the discussion section, it is recommended that every research group try to make their tests with their tissue, antibodies, and particular conditions. We recommend that every researcher group needs to develop a standard procedure to test every new antibody and tissue used (see page 20, line 871).

1.5 CPS does not need to be filtered, and slices are good for years at 4 deg
Response: In order to have sterile solutions is preferable filter the CPS. Regarding the time that CPS preserve the slices, we changed the paragraph as follow “1.5. Cryoprotectant Solution: Prepare 1 L, add 250 mL of ethylene glycol, 250 mL of glycerol, stir constantly until mixed. Slowly bring to 1 L with PBS. Filter with grade 4 (20-25 μm) filter paper. Store at 4 °C or RT for up to 1 year.” (see page 7, line 287).

1.6 PFA 4%, is now ready-to-use commercially available (Formaldehyde solution 4%,
buffered; Merck, Sigma), I would mention this (although, of course, it may not be available everywhere)
Response: We added a note as follows “PFA ready-to-use solution is commercially available.” (see page 7, line 291).

Secondly, there is no need to perfuse with PFA anymore (just Saline or PBS), the 'overnight/24 hrs fixation step is enough - this is also good to minimize animal usage/experiments, since one brain can be used for several methods; e.g., one
hemisphere for protein (IHC), and the other for RNA analysis (or other methods, e.g.,
PCR or western blot or FACS)
Response: We added a note as follows “The tissue fixation (3.3.2 step) could be omitted. Thereby, the brain can be used on several methods and minimize animal usage for experiments.” (see page 9, line 392).

1.8 (4.2.3) 2N HCL, the calculation is wrong (3 in 47)?! It should be, in 50 ml, 8.25 HCL into
41.75 ml H2O; 20 min at 37 deg is enough
Response: We corrected this issue as follows “Prepare 50 mL by slowly adding 8.25 mL of 12 N HCL (concentrated stock solution) to 41.75 mL Double distilled H2O under constant stirring.” (see page 7, line 306).

1.9 (4.1.2) for the peroxidase step, H2O2 is light sensitive, this staining step should be in the
dark (cover the well plate with a foil or box); the common dilution is 0.6% (40 ml
TBS/PBS and 0.8 ml 30% H2O2)
Response: We corrected this issue and added a note as follows “Please keep it in the dark due to H2O2 is light sensitive. PBS or TBS can be employed instead of water.” (see page 8, line 319).

1.10 for ABC, (and also 1.11 DAB), I would in addition state the 'real' amount, not just
'drops'; the common dilution for ABC is 9 μl A and 9 μl B into 1 ml (TBS or PBS); for DAB, 500 μl in 40 ml, 12 μl H2O2, 200 μl NiCl2 (8%)
Response: We added this information following the manufacturer's user guide (see page 8, line 323, and page 8, line 329).

3. 'Note' on voluntary wheel running, i) why mentioning a three-times injection regime here, it is not relevant for the review (the protocol); however, ii) three-times e.g., is every 6 to 8 hours (Klempin et al., 2013), that makes it a total of 24 hrs corresponding to catch all proliferating cells possible in mice iii) rats do not love running as much as mice
Response: The  additional information on the injection was a request from the journal editor. As the reviewer mentions, rats run less than mice. However, in our case, the voluntary physical activity protocol helps the rats to run for longer periods. However, some rats show little activity. We jsut used a 50% of animals that run longer.

3.5 please check (40) "μm", which is missing a few times here
Response: This issue was addressed.

4.1.3/4 IMPORTANTLY, following the HCL step, slices should be de-acidified; therefore slices should be rinsed for 10 min in 0.1 M Borate Buffer (8.5 pH)
Response: We added this step to all HCL steps (see page 11, line 454; page 12, line 491; page 13, line 531; and page 13, line 565).

4.1.8 for washing/rinsing following DAB staining, normal tap water can be used; this is the most important step, e.g., to reduce the background, thus 3x rinse in water should be at least 15 min each!
Response: We added this step to all washing/rinsing following DAB staining steps (see page 11, line 470, and page 12, line 510).

Overall, the ABC-DAB step is very important and commonly used (4.2 as the mainly used protocol); streptavidin is not necessary anymore, the commercially available biotin antibodies are very good; thus, I would suggest to summarize the few staining variants for day 2 at the end as 4.1.6.1 and 2 ...) instead of writing all steps?!
Response: We appreciate the reviewer's suggestion, however to avoid misunderstandings or confusions to the reader, we decided to leave the protocols completely for a better step-by-step follow-up procedure.

Mounting medium is best self-made using PVA(Polyvinyl alcohol)-DABCO
Response: We added a NOTE as follow “Self-made mounting medium using PVA(Polyvinyl alcohol)-DABCO can be employed.“ (see page 15, line 648).

For double, triple labeling, all primary antibodies can be added at the time for overnight
staining at 4 deg
Response: We present the alternative suggested by the reviewer in step 6.1. Simultaneous multiple immunostainings. (see page 14, line 609).

Minor comments:

all staining steps need to be on shaker; and it's a 'free floating' protocol
Response: This issue was addressed.

please check 'thymidine analog' which you often wrote with 's'
Response: This issue was addressed.

p2 li86, Nestin is a stem/progenitor marker (which together is called 'precursor'), and
"the nestin-GFP mice allows to determine 'early' developmental steps' in ..." fate decision towards neuron.
Response: This issue was addressed.

