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Resubmission of manuscript JoVE58680 to JoVE
Dear Dr. Bajaj,

We would like to thank you and the reviewers for your evaluation of our manuscript ‘Simultaneous quantification of anti-vector- and anti-transgene-specific CD8+ T cells via tetramer staining’. We found the comments very helpful and have revised our manuscript accordingly. Please find below a point-by-point response. 
Editorial comments:
Changes to be made by the Author(s) regarding the written manuscript:
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.
We have done this.
2. Please define all abbreviations before use.
We have done this.
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. For example: FlowJo, FACS Canto, etc.
We have done this.
4. 1.2: Please specify the gender, age and strain of mouse.
The details were added.
5. 1.3: What is isolated here? More details are needed here.
Isolation of spleen was specified.
6. 7.5: Please add more details here.
More details regarding analysis were added.
7. Please include at least one paragraph of text to explain the Representative Results in the context of the technique you have described, e.g., how do these results show the technique, suggestions about how to analyze the outcome, etc. The paragraph text should refer to all of the figures. However for figures showing the experimental set-up, please reference them in the Protocol. Data from both successful and sub-optimal experiments can be included.
An introducing paragraph was added.
8. References: Please do not abbreviate journal titles.
We have selected the JoVE endnote style.
9. Table of Equipment and Materials: Please remove trademark (™) and registered (®) symbols. Please provide lot numbers and RRIDs of antibodies, if available. Please use SI abbreviations for all units: L, mL, µL, etc.
We have done this.


Reviewers' comments:

Reviewer #1:

Manuscript Summary:
This manuscript describes a protocol to identify antigen-specific CD8+ T cells from blood or lymphoid tissue samples by staining with peptide-MHCI tetramer reagents. This is a very simple procedure that has been in common use for two decades, and has already been published in JoVE in greater detail, albeit with T cells from macaques instead of mice (Gonzalez-Nieto, Martins, et. al., 2016). Aside from the different species of animal T cells being studied, there is very little value added by this protocol. Novelty notwithstanding, the protocol could be greatly improved with attention given to the following issues:

Major Concerns:
1. The title is a bit confusing because it is unclear what "anti-vector" and "anti-transgene" refer to until one reads through the whole protocol. The word "vaccine" and "MHCI" should be included. The abstract should also explain the benefit of simultaneously tracking CD8+ T cell responses to both the vaccine epitope and epitopes within the vector, if this is indeed a selling point.
As recommended, we modified the title to “Simultaneous quantification of anti-vector- and anti-transgene-specific CD8+ T cells via MHC I tetramer staining after vaccination with a viral vector”. The abstract has also been updated.
2. The authors should discuss how CD8 binds to MHCI and contributes to tetramer staining. A major issue with tetramer staining is the use of proper CD8 antibody clones to prevent blocking of this interaction.
This aspect has been added to the discussion (see lines 387-391).
3. The concentration of tetramer used should be explicitly stated as a molar or mass/volume quantity, not just a dilution factor of whatever stock they are using. The same holds true for antibodies. If each tetramer needs to be titrated, the authors should state this.
As the manufacturer does not give information about the molarity and recommends to use the tetramers in certain dilutions, these dilutions are stated. The information, that each tetramer needs to be titrated was further emphasized.
4. The tracking of cell, tetramer, and antibody volumes through the steps is confusing, especially because the authors describe two different starting volumes, 100 ul for cells from lymphoid tissues, and 20 ul for blood samples. Are these sample types supposed to be stained at different tetramer concentrations? In addition, they don't mention what volume the cells are in when they add the antibody cocktail.
We have clarified this point in the protocol (see 2.2). As the splenocytes are pelleted prior to addition of the tetramer and resuspended in the volume that remains in the tube after discarding the supernatant, the volume prior to adding the tetramer will be ~20 µL (same as for the blood). Therefore, both types of samples are stained at the same tetramer concentration.
The antibody cocktail is added to the cell pellet after washing the samples. We amended this information in the protocol.
5. A dump channel to remove non T cell populations (e.g. B cell, CD4+ T cell, and macrophage markers) would help reduce autofluorescent background.
The reviewer is correct that a dump channel is a good option to reduce autofluorescence. We included a comment to this in the discussion (see lines 414-416).
6. The CD3+CD8+ population in Figure 1 appears to be largely CD3-. Is this a compensation issue?
I has been reported that T cell activation correlates with T cell receptor downregulation (PMID: 10714682; 8187769). We indeed see this also in our hands after immunization of mice with viral vectors and therefore do not believe that this is a compensation issue. We included a comment to this in the results section (see lines 270-271).

7. If the authors are going to include the phenotypic markers CD43, CD44, and CD62L in their protocol, they should show some representative data in which they use these to identify naïve and effector T cell subsets.
Representative data were added (Figure 4).
8. There are many different incubation times and temperatures used for tetramer staining throughout the literature. The authors should discuss this variable and how they arrived at their conditions.
We emphasized this aspect in the discussion (see lines 381 ff.).
9. The authors should discuss the issue of low antigen-specific T cell frequencies in naïve and memory populations and whether enrichment strategies are needed for the analysis of these.
This issue has been added to the discussion (see lines 393 ff.).

Minor Concerns:
1. Why are compensation samples stained in 1.5 ml tubes when the other samples are stained in FACS tubes (5 ml)?
All samples are stained in FACS tubes. We clarified this in the protocol.
2. Why is the ACK lysis performed after tetramer and antibody staining?
As we also outline in the discussion (lines 385-386), loss of signal due to TCR internalization over time is a problem for tetramer staining. We therefore perform the tetramer staining in the first step and do the lysis of erythrocytes afterwards. It might also be possible to do the lysis in the first step. However, we did not try this.



Reviewer #2:

Manuscript Summary:
The Manuscript describes a protocol for monitoring antigen-specific CD8+ T cell responses by direct staining of specific T cell receptor with tetramers. In particular the authors describe a method allowing the simultaneous detection of CD8 T cells specific against two different antigens from blood or organs. Furthermore, the protocol includes information to determine the activation status of analyzed T cells by CD44, CD62L staining.
A detailed overview of all required buffers, tetramer and antibody mix staining solutions (including dilution) is given. Organ preparation, staining procedure for tetramer and antibody including controls as well as flow cytometric setting is depicted clearly. In addition, the all material needed is listed.
In general the protocol is written in good English, well stuctured and generally intelligible. All procedures are described in detail and are easy to follow.

Major Concerns:
None

Minor Concerns:
Line 81: Please give the minimal cell number needed rather the information "very little cells".
We have added this information in line 90.
Line 94: Can buffer be stored or should it be prepared fresh? Please give a defined temperature rather the information "cold".
We added the comment that buffers can be prepared in advance and stored until use at 4 °C.
Line 130: The authors mentioned that two tetramers (in PE and APC) can be included in the panel. It is not clearly written whether it is necessary to stain first with one tetramer and afterwards with the second or can the staining be done with two tetramers at the same time.
The information that both tetramers can be combined in a single staining, i.e. staining of cells with both tetramers can be performed simultaneously, was added.
Line 146: Might be helpful to mention that antibody mix should be prepared in advance (or during the 20 min incubation time "step 3.3") to directly proceed with Ab staining after tetramer staining.
We added a comment to this.
Line 152: Table 1 is pasted twice in the outline (line 127 + line 152). Alternatively, one might split the table 1 into table 1 "tetramers" and table 2 "antibodies".
As suggested, table was split into table 1 (tetramers) and table 2 (antibodies).
Line 178: Include the information that samples should be protected from light.
The information, that samples should be protected from light was included.  
Figure 2: It's pivotal to provide the information about the frequencies (%) of tetramer positive cells (especially in B) + C)). Does simultaneous use of two tetramers results in the same frequencies of tetramer positive cells as staining with single tetramers of the same sample?
Frequencies were added to all figures. Yes, we have confirmed that the simultaneous use of two tetramers results in the same frequency of tetramer+ cells as if using a single tetramer and have added a comment to this in lines 277/278.
Figure 2: The Scale in B) and C) is different and should be aligned.
All scales were aligned.
Figure 2C: CD8+ population is very close to zero and it gives the impression that specific proportion of VSV-N and OVA tetramer positive cells are in cutt-off.
This impression was due to the different scale in figure 2C. We double checked that no tetramer positive cells were cut off.



Reviewer #3:

Manuscript Summary:
Wilmschen and colleagues describe the procedure to stain T cells against two different antigens (vector- and transgene-specific) using tetramer technology in addition to staining of CD8+ T cell markers. In this respect, the authors show staining of CD8+ T cells with VSV-N and OVA tetramer as cross-sectional (Fig. 2) and longitudinal analysis (Fig. 3).

It is appreciated that the authors included important hints, e.g. lines 142-144 ("prior to lysis of erythrocytes, blood will not stick to the bottom of the FACS tube."), lines 272-273 ("pre-warm the animals to induce vasodilation"), lines 284-286 ("for some of the tetramers specified here, … we can increase the dilution recommended by the manufacturer"), lines 290-291 ("we recommend to stain for 20 min at 37 °C … prolonged incubation should be avoided"), and lines 305-307 ("… observe a down-regulation of the CD8 receptor during CTL activation … recommend to include the CD8(low) cells in the analysis").

Major Concerns:
- Fig. 2: include percentages of gated cells with tetramer staining. How often was this experiment repeated? Please include data about the variability. It remains unclear whether the percentage of OVA tetramer+ cells in OVA-immunized mice is larger or similar to OVA- and N-immunized mice. Have the authors checked whether staining with just one of the tetramers reveals similar percentages of positive cells compared to staining with both tetramers?
Frequencies were added to all figures. Also, a supplemental table (Supplemental Table 1) was added with data from several mice from one experiment to indicate variability. We have performed several independent experiments and always measure similar numbers of Tetramer+ cells after vaccination.

Yes, we have confirmed that the simultaneous use of two tetramers results in the same frequency of tetramer+ cells as if using a single tetramer and have added a comment to this in lines 277/278.
- The authors do not show data for all immunodominant peptides mentioned in the abstract. These data should be added as supplementary figures.
We have added a supplementary figure 1 showing exemplary results for HPV 16 E7, GFP and LCMV GP tetramers.


Minor Concerns:
- Introduction, lines 53-54: "… pseudotyped with the glycoprotein of the lymphocytic choriomeningitis virus (VSV-GP)". Either LCMV or VSV-GP is wrong in this sentence.
VSV-GP is a chimeric VSV variant where the glycoprotein G of VSV has been replaced by the glycoprotein GP of LCMV. We clarified this in the introduction.
- Protocol, lines 93-94: what is meant by "optionally"? Do the authors use EDTA or not? This is important because EDTA helps to maintain single-cell suspensions.
EDTA is used and sentence was changed accordingly.
- Protocol, line 96: the authors describe to collect blood from the tail vein. However, they emphasize that a small amount of 20 µl is sufficient to perform the analyses, which should also be obtained from the eye. Correct?
This is correct. A note was added that blood can also be collected by other means. 

However, regulations for animal experiments are rather strict in Austria/ the EU recommending retroorbital blood sampling only as terminal method. We recommend to collect blood from the tail vein as we believe that this is a good method to repeatedly collect small amounts of blood from the same animal. However, it is correct that blood samping always needs to be adapted to national regulations and animal trial applications.

- Protocol, line 119: the reference to Table 1 should already be included here.
Reference to Table 1 was included at the recommended location.
- Protocol, line 187: please explain ACK buffer.
An explanation for ACK buffer was added.
- Protocol, line 223: the number of events to record depends on the frequency of tetramer-positive cells.
A note was added that the amount of cells to record might need to be adjusted according to the frequency of the antigen-specific cells of interest.
- In the discussion, the main point of the manuscript, namely concomitant detection of vector- and transgene-specific CD8+ T cells should be emphasized.
The point was emphasized in the discussion.



Reviewer #4:

Manuscript Summary:
This study provides a protocol for staining antigen-specific murine T-cells in direct ex vivo samples. The staining results and methodology are generally good but there are some important omissions that ought to be included as detailed below.

Major Concerns:
1. Just as for isotype controls during antibody staining, it is vitally important to demonstrate antigen specificity by including control staining with an 'irrelevant' tetramer labelled with the same fluorochrome and bearing a different peptide. Without such a control, the results could represent non-specific staining so it is crucial that this methodology study makes the importance of staining with a control tetramer crystal clear. The VSV-N tetramer serves as a 'sort of' control in the Adeno-OVA samples but this is not ideal as it appears to be conjugated to a different fluorochrome than the OVA tetramer.
In our case, naïve (‘mock’) mice serve as control, as they are stained with the same tetramer (peptide and fluorochrome). We only see low background signal for the naïve mice for all tetramers (see Figure 2 and Supplementary Figure 1). We addressed this issue in the discussion (see lines 409 ff.).
2. Why is no live/dead stain included (or mentioned)? Admittedly, such stains are often less relevant directly ex vivo (providing staining is performed immediately). Nonetheless the authors should mention that it is highly desirable to include a live/dead stain in all experiments. Dead and dying cells take up tetramers non-specifically. Performing tetramer staining in the absence of a control tetramer and live/dead staining could be a recipe for disaster! At the very least, please make this point clear but, better still, include a control stain as mentioned above.
We included a comment on live/dead staining in the discussion (see lines 412ff.). We always include naïve mice in our experiments, and stain these cells with the same tetramer (in that case than an irrelevant tetramer for the naïve mice). However, we also included staining with another irrelevant tetramer as potential additional control (see lines 410/411).
3. The figures are said to be "representative". It would be helpful to show summary graphs/tables of tetramer percentage. How does the data look over several mice? Did the approach work on all mice? Everybody knows that "representative data" = "the best example" so it would be helpful for the reader to get a feel for just how "representative" these data are.
As suggested, a summary table for percentages of tetramer positive cells for several animals from one experiment was included as supplement (Supplement Table 1). 
4. Where are the phenotyping data? Phenotyping is included in the methods so I think it is important that this document includes some examples. CD43, CD44 and CD62L are included in Table 1 but no data are shown.
Representative data were added (Figure 4).
5. The use of PKI is mentioned on line 286 but it is not included in any experiments. It would be helpful to include a +/- comparison with this reagent as it has been reported to make the mean fluorescence of staining brighter in addition to lowering the TCR affinity threshold required for tetramer staining. It would be further helpful if the use of cross-linking antibody were also mentioned (and preferably included) as this simple addition has also been reported to offer considerable improvements in some cases (PubMed ID: 25452566). A recent study shows how even fully functional anti-viral T-cells can express TCRs that are below the threshold of detection for peptide-MHC tetramers (PMID: 29483360). While this might not represent the norm, it ought to be included for the sake of completeness. Another recent study reviews the recent literature demonstrating how T-cells with very weak affinity TCRs can still contribute to immune responses (PMID: 30008714). Such cells do not stain with standard tetramer staining protocols as used here. Consequently, there is ample room to "beef up" the section on potential protocol modifications (Lines 282-298) and why these improvements might be important. Indeed, it would be preferable to suggest that users try several modifications to the technique to optimize experimentation for their own individual experimental system(s).
Above mentioned references were included and possible modifications were discussed in more detail. Also, it is emphasized that all conditions and modifications have to be adjusted individually for each tetramer.
Point 5 is relevant to lines 76-77 "results from MHC tetramer staining with those from ELISpot or ICS correlate well in terms of magnitude of the response" as clearly this is not always the case. The work of the Evavold laboratory (PMIDs: 27976744 and 21220453) and recently backed up by the Davis lab (PMID: 26979955) and others demonstrates how the results of tetramer staining and functional assay can be very different (mainly for MHC II but also for MHC I). Some tempering of the message in this respect would produce a more balanced and honest document.
We agree. This statement was rather related to MHC I, but might be misleading. To avoid misunderstanding, we have deleted the respective paragraph.
6. Several tetramer specificities are mentioned in the materials and methods and throughout but only OVA and VSV-N tetramer are shown. Table 1 mentions EGFP, LCMV-GP and HPV 16 E7 tetramers but I see no data from these. It would also be helpful if the authors included the precise restricting element and peptide sequence for these tetramers in the table as saying that they are simply "MHC I" is insufficient detail and requires that the reader be a specialist in this area (unlikely the target audience for this protocol).
Above mentioned details were included in the table.

Minor Concerns:
Abstract: "Antigen-specific CTLs can either be detected by stimulation with specific peptides followed by intracellular cytokine staining or by direct staining of antigen-specific T cell receptors (TCRs)."

There are also many other ways to detect antigen-specific T-cells. The abstract should specify "by flow cytometry" (or similar) as this is what the authors mean. Even when limited to flow cytometric methods of detection then cells can also be detected by upregulation of CD107a (PMID: 14580882) and/or TNF cell surface staining (PMID: 21501617) and other activation markers such as CD69. A key advantage of physical detection with peptide-MHC multimers is that cells are not required to exhibit a specific effector function.
Respective specification was added to the abstract, as well as mentioning the effector functions.
Lines 77/78: "In vitro stimulation to induce cytokine production for ICS/ELISpot will alter the original T cell phenotype. Tetramer staining, in contrast, leaves the T cell 'untouched' and the original phenotype is preserved and can be analysed"
True, but surely the biggest advantage of tetramers is that they allow the sorting of live, intact cells that can be subsequently cultured or clonotyped. This is not possible following ICS or ELISpot so it is important to mention this advantage of tetramers too.
This is completely true and was included.
It would be helpful to add % to Figure 2 as has been done in Figure 3.
As proposed, % were added to the figure.
A version of the manuscript with changes indicated in yellow highlighting is attached. We hope the revised manuscript is now suitable for publication in JoVe and thank you and the reviewers again for evaluation of our manuscript.

Yours sincerely,
Janine Kimpel
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