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22 SUMMARY:
23 Presented here is a protocol for measuring proliferating CD4+ T cells in response to antigenic
24 proteins or peptides using dye dilution. This assay is particularly sensitive to rare antigen-
25  specific T cells and can be modified to facilitate cloning of antigen-specific cells.
26
27  ABSTRACT:
28  Described is a simple, in vitro, dye dilution-based method for measuring antigen-specific CD4+ T
29  cell proliferation in human peripheral blood mononuclear cells (PBMCs). The development of
30 stable, non-toxic, fluorescent dyes such as carboxyfluorescein succinimidyl ester (CFSE) allows
31 for rare, antigen-specific T cells to be distinguished from bystanders by diminution in
32  fluorescent staining, as detected by flow cytometry. This method has the following advantages
33  over alternative approaches: (i) it is very sensitive to low-frequency T cells, (ii) no knowledge of
34  the antigen or epitope is required, (iii) the phenotype of the responding cells can be analyzed,
35 and (iv) viable, responding cells can be sorted and used for further analysis, such as T cell
36 cloning.
37
38 INTRODUCTION:
39 The ability to detect and study antigen-specific T cells is important in studies of cell-mediated
40 immunity. However, doing so is particularly challenging for autoantigen-specific CD4+ T-cell
41  responses, which are very weak and difficult to detect. A common method used for the
42  detection of antigen-specific lymphocyte proliferation is [3H]-thymidine, which is a radiolabeled
43  nucleotide incorporated into the DNA of proliferating cells. Although the [3H]-thymidine assay
44  can detect DNA synthesis, this method is an indirect measure of cell division, because DNA
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synthesis can initiate independently of mitosis (i.e., during gene duplication and apoptosis?).
This issue is compounded by the fact that antigen-specific proliferation of cells can result in
considerable apoptosis?, leading to potential overestimation of antigen-specific proliferation.
Furthermore, the [3H]-thymidine method does not provide phenotypic information for
proliferating lymphocytes, such as CD4+ or CD8+ lineage proliferation in PBMCs stimulated with
antigenic peptides.

In 2003, we published the first dye dilution assay using CFSE, called the CFSE-based
proliferation assay>*. CFSE is a fluorescent dye that binds stably to intracellular proteins by
forming a covalent bond to intracellular lysine residues. Since CFSE-labeled proteins are divided
equally among daughter cells3, cells that have divided can be distinguished from undivided cells
by flow cytometry, which also allows for the quantitative phenotyping of lymphocyte
populations. Indeed, the number of divisions a cell has undergone from the time of CFSE-
staining can be measured to some degree®. More recently, many similar dyes such as CellTrace
Violet proliferation dye (VPD) and CytoTrack dye have been developed, which work in a similar
way®. This protocol focuses on CFSE, but the principles apply equally to other related dyes.

Peptide-MHC tetramer staining is a widely used method for detecting and cloning antigen-
specific CD8+ T cells. This is a well-established method’~%%; however, tetramer-based cloning
requires existing knowledge of the epitope/MHC restriction and each epitope requires its own
tetramer!?, which limits the scope of discovery and cloning of novel epitope-specific T cells. The
CFSE-based proliferation can be used with peptides, proteins, or cell lysates. The protocol
described herein is both simple and robust, and the responding CD4+ T cells can be sorted for
use in downstream functional and biochemical characterization assays'>*3,

PROTOCOL:

All subjects gave informed consent prior to the collection of peripheral blood. Ethical approval
for experiments using PBMC was given by St. Vincent’s Hosptial (HREC-A 135/08, and HREC-A
161/15).

1. Reagent preparation

1.1 Human T cell media

1.1.1. Prepare RP-5 media for culturing PBMC, which consists of RPMI 1640, 1x non-essential
amino acids, L-alanyl-L-glutamine dipeptide (2 mM), penicillin (100 U/mL)/streptomycin (0.1
mg/mL), and 5% pooled human serum (PHS).

1.2 CFSE stock solutions

1.2.1 Prepare a master stock by dissolving 25 mg of CFSE in ~9 mL of DMSO to achieve a final
stock solution with a concentration of 5 mM.
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1.2.2 Prepare a working stock by diluting the master stock in PBS to achieve a working
concentration of 10 uM.

2. Preparation of human PBMCs from whole blood

2.1 There are generally between 0.5-1.5 x 10° PBMCs/mL of human peripheral blood.
Therefore, the amount of blood required depends upon the desired number of PBMCs. Dilute
human peripheral blood with PBS at least 1:2. Separate the PBMCs by adding 15 mL of density
gradient medium to a 50 mL tube, then overlay 35 mL of diluted whole blood.

2.2 Centrifuge at 850 x g for 15 min without deceleration at room temperature (RT). This will
result in three clear layers: the bottom layer containing the red blood cell pellet, middle layer of
density gradient medium with white blood cells lining its top interface, and top plasma layer!4.

2.3 Remove approximately 20 mL of the top plasma layer. Collect the white blood cell layer,
being careful to avoid the red blood cell pellet. Wash 3x with PBS and count viable cells using
trypan blue exclusion on a hemocytometer. Dilute to 1 x 106 PBMCs/mL in PBS.

2.4 Non-CFSE-stained cells

2.4.1. These cells are used as compensation controls for flow cytometry, comprising of
unstained and CD4+ single-stained cells. Add 300 pL of each control sample PBMC suspension
to a 10 mL tube, top with PBS, and centrifuge at 550 x g for 5 min at RT.

2.4.2. Resuspend 1 x 108 cells/mL in RP-5 media. Incubate these unlabeled cells for 7 days in a
37 °C/5% COz incubator with the CFSE-labeled cells (step 2.6.1).

2.5 CFSE-stained cells

2.5.1 Transfer the cells from step 2.3 into a 50 mL tube. Add 1.0 uL of CFSE working stock
solution (10 uM) per 1 mL of cell suspension to the side of the tube. Mix quickly by inverting the
tube several times. The final concentration of CFSE is 10 nM.

2.5.2 Incubate for 5 min in a 37 °C/5% CO; incubator. To stop the staining, add 5 mL of RP-5

media, pellet the cells by centrifuging for 5 min at 550 x g. Resuspend the PBMCs at 1 x 10%/mL
in RP-5 media.

2.5.3 Add 1.0 mL of cell suspension to a 10 mL tube. Use one tube for each antigen to be tested.
2.6 Antigenic stimulation of human PBMCs and cell culture
2.6.1. Culture human CFSE-labelled PBMCs with antigens in RP-5 media for 7 days in a 37 °C/5%

COzincubator. Culture 1 x 10° cells/well (100 pL) in a 96 well plate with 100 pL/well of RP-5
media containing diluted antigen.
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NOTE: Antigens used, including working concentrations, are summarized in Table 1.
3. Anti-CD4 staining for FACS analysis

3.1 Pipette 200 pL of the cultured cells into FACS tubes, wash cells 1x in 1.0 mL of PBS
containing 0.1% FCS, and centrifuge for 5 min at 550 x g.

3.2 Stain with anti-human CD4 Alexa Fluor 647 (0.25 ug/mL) in 100 pL of PBS/0.1% FCS. Keep
aside a sample of CFSE-labelled cells, unstained with any other fluorophores, to use for setting
the FACS CFSE compensation. Incubate the cells at 4 °C protected from light for 20 min.

3.3 Wash the cells by adding 1 mL of PBS/0.1% FCS, centrifuge at 550 x g for 5 min at RT, and
resuspend in 100 pL of PBS/0.1% FCS. Immediately before FACS analysis, add 1 pL of propidium
iodide (PI, 0.1 mg/mL) to all tubes to allow the dead cells to be excluded by flow cytometry.

3. Flow cytometric configuration and gating strategy

NOTE: Figure 1 shows the FACS configuration including compensation controls and gating
strategy.

3.1. Gate the forward scatter (FSC) vs. side scatter (SSC) (Figure 1A) population to include all
lymphocytes.

3.2. Gate the FSC vs. PI (Figure 1B) population on Pl negative cells to exclude apoptotic cells.

3.3. Use unstained cells to set a voltage baseline for non-fluorescent cells. Set the voltages for
CD4-A647 and CFSE so that the fluorescence signal is below 1,000 for each (Figure 1C). Use the
single color controls CFSE (Figure 1D) and CD4-A647 (Figure 1E) to confirm positive fluorescent
signals (~10,000) for each color, using the voltages set with unstained cells.

3.4. CFSE and PI have some spectral overlap; adjust the compensation to subtract PI
fluoresence from CFSE fluoresence until the CFSE-only sample does not yield a signal in the Pl
channel.

NOTE: These gates were applied to all samples analyzed herein.
4. Calculation of cell division index to enumerate antigen-specific CD4+ T cell proliferation

NOTE: Cell division index (CDI) refers to the number of divided cells (CD4+/CFSE®™) per 5,000
undivided cells (CD4+/ CFSEP"&t). When the number of undivided CD4+ cells is not exactly
5,000, the number of divided cells is corrected to express the number of divided cells per 5,000
undivided cells. For example, using the tetanus toxoid-specific proliferation (Figure 2D), there
were 4,930 undivided cells (CFSEP&M) and 3,268 divided cells (CFSEY™); therefore, the corrected
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number of divided cells is (5,000/4,930) x 3,268 = 3,304.3.

4.1. Calculate the CDI (Table 1) by dividing the number of divided cells/5,000 undivided cells
from the antigen-stimulated group by the mean number of divided cells (per 5,000 undivided
cells) from the cells cultured without antigen (Table 2).

REPRESENTATIVE RESULTS:

In vitro stimulation of human PBMCs with tetanus toxoid protein: PBMCs were stained with
CFSE and stimulated for 7 days in the presence of tetanus toxoid. Almost all donors showed a
strong T cell response to tetanus toxoid because they had been vaccinated, which makes
tetanus toxoid a useful positive control antigen. Figure 2 demonstrates in triplicate, that the
CFSE proliferation of CD4+ T cells from unstimulated PBMCs was minimal (~12 CFSEY™ cells;
Figure 2A,B,C), while there was a marked proliferation of CD4+ T cells in response to tetanus
toxoid (>3000 CFSEY™ cells; Figure 2D,E,F).

In vitro stimulation of human PBMCs with antigenic peptides: PBMCs were stained with CFSE
and stimulated for 7 days in the presence of human proinsulin C-peptide. Figure 3
demonstrates the detection of proinsulin C-peptide-specific CD4+ T cells in the peripheral blood
of an individual with type 1 diabetes. Proliferation was not observed in the healthy donor’s
PBMC (data not shown). In Figure 4, PBMCs stimulated with influenza A virus (H1N1 PR8)
matrix protein demonstrated proliferation; however, the tetanus-specific response for this
donor was relatively weak, and responses are generally variable between donors.

Taken together, these results demonstrate that the assay can be performed using full-length
proteins and short synthetic peptides.

FIGURE AND TABLE LEGENDS:

Figure 1: Compensation controls and gating strategy for CFSE-based proliferation of CD4+ T
cells. Unstimulated PBMCs following 7 days of in vitro cell culture. Lymphocytes (A) were
stained with propidium iodide, and propidium iodide-negative cells were gated to exclude dead
cells (B). FACS compensation controls included unstained cells (C), cells stained with CFSE alone
(D), and cells stained with CD4 alone (E).

Figure 2: Proliferation of CFSE-stained tetanus-specific CD4+ T cells. PBMCs were CFSE-stained
and cultured for 7 days in the presence of 145 ng/mL (166 LfU/mL) tetanus toxoid. Cells were
stained with CD4. CFSE dilution is shown without antigen (A—C) and in response to tetanus
toxoid protein (D—F).

Figure 3: Proliferation of CFSE-stained human CD4+ T cells in response to proinsulin C-
peptide. CFSE-stained PBMCs were cultured for 7 days in the presence of 10 uM proinsulin C-
peptide. Cells were stained with CD4. CFSE dilution is shown using PBMC from a donor with
type 1 diabetes. CFSE dilution in unstimulated PBMCs (A), tetanus toxoid protein stimulated (B),
and human proinsulin C-peptide stimulated PBMCs (C).
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Figure 4: Proliferation of CFSE-stained human CD4+ T cells in response to influenza A virus
(HLN1 PR8) matrix protein 1. PBMCs were CFSE-stained and cultured for 7 days in the presence
of 0.08 pg/mL influenza A virus matrix protein 1. Cells were stained with CD4. CFSE dilution is
shown for unstimulated cells (A), tetanus toxoid stimulated cells (B), and influenza A virus
matrix protein-stimulated cells (C).

Table 1: Enumeration of tetanus-specific CD4+ proliferation. CDI calculations using 5,000
recorded flow cytometry events from unstimulated and tetanus-stimulated human PBMC.

Table 2: Antigens used to simulate CD4+ proliferation.

DISCUSSION:

CFSE-based proliferation is a simple and robust method for detecting and enumerating antigen-
specific human CD4+ T cells. It has been previously demonstrated that using the optimal
concentration of CFSE is essential for optimal results®. Too much CFSE abrogates proliferation,
whereas too little does not allow for divided and undivided cells to be distinguished. In
contrast, relatively high concentrations (5.0 uM) of CFSE are used to label purified murine T
cells3. Due to variability between batches, it is recommended that each batch be titrated to
determine the optimal concentration. We use our current batch at a much lower concentration
(10 nM) than in the original publication (200 nM)%.

Another important aspect of this method is optimization of the antigen dose. It has been well
established that T cells cultured with less antigen can be more sensitive and exhibit enhanced
function. This was originally demonstrated in the context of HIV peptides'®. The amount of
tetanus toxoid used in this protocol has also been optimized previously* to elicit highly sensitive
and proliferative CD4+ T cells. Interestingly, it has been shown previously that excess antigen
reduces antigen-specific proliferation®. Therefore, to detect and enumerate rare T cell
populations in peripheral blood, optimizing both antigen and CFSE concentration is of utmost
importance.

Since we published the first human dye dilution-based assay*, many similar dyes have been
developed. We found that CD4+ T cell proliferation was detected less effectively when PKH-26,
a lipophilic dye, was used compared to CFSE (unpublished). We have not systematically tested
other dyes on the market, so there is no comment on their relative strengths. However, the
protocol for quantifying T cell proliferation is equally applicable to all dye dilution proliferation
assays.

Expressing proliferation as a cell division index (CDI) incorporates the background proliferation
into calculation of the magnitude of responses. In our hands, the background is usually low
(e.g., <15 events/5,000 CD4+ CFSE’1eM), Background proliferation does vary between individuals
and experiments. Using a ratio (in this case, the CDI) to express the strength of proliferation is
somewhat effective in reducing its impact on the results. Background responses to proteins in
the media can be problematic. It is recommended to use tissue culture media that contain
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human serum, not bovine serum, as bovine proteins can stimulate a weak background response
that diminishes sensitivity of the assay. A high background proliferation has been found in
people who have a mild infection, presumably due to proliferation that is primed in vivo in
response to infection. In such cases, the assay needs to be repeated once the donor has cleared
the infection.

The CFSE-based proliferation assay can be modified to efficiently clone human antigen-specific
CD4+ T cells directly from PBMCs'2. For example, this approach has been used to clone CD4+ T
cells specific for insulin'2. More recently, cloning and functional analyses of proinsulin C-
peptide-specific CD4+ T cells has provided remarkable insight into the pathogenesis of T1D,
particularly in patients with recent onset T1D®3,

In conclusion, the CFSE-based proliferation assay is both sensitive and robust. It is quick and
technically simple and can be performed using fresh or cryopreserved PBMC. The ability to
incorporate CFSE into multicolor FACS analysis provides a quantitative measure of the
immunophenotype of proliferating T cells from PBMC containing many cell types, and this
degree of detail is not possible with assays utilizing DNA incorporation such as [3H]-thymidine.
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Table 1

Antigen

Working Concentration

Tetanus Toxoid protein

145 ng/mL

Influenza A HIN1 (PR8) Matrix protein 1

0.08-10 pg/mL

Proinsulin C-peptide P133-63

10 nM

Click here to access/download;Table;Table 1 Antigens.xlsx %
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Undivided cells Divided cells ivi
Sample - S CFNs"Er::; :Lg;‘”c‘iesi;:';t Mean divided cells CFSEdim/ 5000 CFSEbright
Nil 1 5004 11 11 123
Nil 2 4995 14 14
Nil 3 5006 12 12
Undivided cells Divided cells | Number of divided cells CFSE*™/| CDI Number of divided cells (Tetanus)/ Mean
Sample CDA4+CFSE"E" CDA4+CFSE®™ 5000 CFSE™ " divided cells (Nil) Mean CDI
Tetanus 1 4930 3258 3304.3 268 263.7
Tetanus 2 4928 3205 32518 263.7
Tetanus 3 4910 3142 3199.6 2595
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Table of Materials

Click here to access/download;Table of Materials;JoVE materials list AD-SM.xls

Name of Material/ Equipment Company Catalog Number |Comments/Description
Anti-human CD4-AlexaFluor647 Biolegend 317422 RRID:AB_2716180
Carboxyfluorescein succinimidyl ester (CFSE) ThermoFisher C1157

Ficoll-Paque Plus GE Healthcare 71-7167-00

Glutamax (1x) Gibco 35050

Influenza A HIN1 (PR8) Matrix protein 1 Sino Biological 40010-VO7E

Non-Essential amino acids (1x) Gibco 11140

Penicillin/ Streptomycin (1x) Gibco 15070063

Phosphate buffered saline (PBS) Sigma-Aldrich D8537

Pooled human serum Australian Red Cross N/A

Proinsulin C-peptide PI33-63 Purar Chemicals N/A Custom made synthetic peptide
RPMI 1640 Sigma-Aldrich R8758

Tetanus Toxoid protein Statens Serum Intitut N/A

*
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Title of Article:

Author(s):
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(ALA);Author_License_Agreement_SM.pdf

ARTICLE AND VIDEO LICENSE AGREEMENT

The CFSE-based proliferation assay: a simple and sensitive assay to quantify proliferating..

Anthony R. Di Carluccio, Eleonora Tresoldi, Michelle So & Stuart I. Mannering

Iltem 1 (check one box): The Author elects to have the Materials be made available (as described at

http://www.jove.com/author) via: v/ Standard Access

Item 2 (check one box):

v

Open Access

The Author is NOT a United States government employee.

The Author is a United States government employee and the Materials were prepared in the
course of his or her duties as a United States government employee.

The Author is a United States government employee but the Materials were NOT prepared in the
course of his or her duties as a United States government employee.

ARTICLE AND VIDEO LICENSE AGREEMENT

1. Defined Terms. As used in this Article and Video License
Agreement, the following terms shall have the following
meanings: “Agreement” means this Article and Video License
Agreement; “Article” means the article specified on the last
page of this Agreement, including any associated materials
such as texts, figures, tables, artwork, abstracts, or summaries
contained therein; “Author” means the author who is a
signatory to this Agreement; “Collective Work” means a work,
such as a periodical issue, anthology or encyclopedia, in which
the Materials in their entirety in unmodified form, along with a
number of other contributions, constituting separate and
independent works in themselves, are assembled into a
collective whole; “CRC License” means the Creative Commons
Attribution-Non  Commercial-No Derivs 3.0 Unported
Agreement, the terms and conditions of which can be found
at: http://creativecommons.org/licenses/by-nc-
nd/3.0/legalcode; “Derivative Work” means a work based
upon the Materials or upon the Materials and other pre-
existing works, such as a translation, musical arrangement,
dramatization, fictionalization, motion picture version, sound
recording, art reproduction, abridgment, condensation, or any
other form in which the Materials may be recast, transformed,
or adapted; “Institution” means the institution, listed on the
last page of this Agreement, by which the Author was
employed at the time of the creation of the Materials; “JoVE”
means MylJove Corporation, a Massachusetts corporation and
the publisher of The Journal of Visualized Experiments;
“Materials” means the Article and / or the Video; “Parties”
means the Author and JoVE; “Video” means any video(s) made
by the Author, alone or in conjunction with any other parties,
or by JoVE or its affiliates or agents, individually or in
collaboration with the Author or any other parties,
incorporating all or any portion of the Article, and in which the
Author may or may not appear.
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2. Background. The Author, who is the author of the Article,
in order to ensure the dissemination and protection of the
Article, desires to have the JoVE publish the Article and create
and transmit videos based on the Article. In furtherance of
such goals, the Parties desire to memorialize in this Agreement
the respective rights of each Party in and to the Article and the
Video.

3. Grant of Rights in Article. In consideration of JoVE agreeing
to publish the Article, the Author hereby grants to JoVE,
subject to Sections 4 and 7 below, the exclusive, royalty-free,
perpetual (for the full term of copyright in the Article,
including any extensions thereto) license (a) to publish,
reproduce, distribute, display and store the Article in all forms,
formats and media whether now known or hereafter
developed (including without limitation in print, digital and
electronic form) throughout the world, (b) to translate the
Article into other languages, create adaptations, summaries or
extracts of the Article or other Derivative Works (including,
without limitation, the Video) or Collective Works based on all
or any portion of the Article and exercise all of the rights set
forth in (a) above in such translations, adaptations,
summaries, extracts, Derivative Works or Collective Works and
(c) to license others to do any or all of the above. The
foregoing rights may be exercised in all media and formats,
whether now known or hereafter devised, and include the
right to make such modifications as are technically necessary
to exercise the rights in other media and formats. If the “Open
Access” box has been checked in Item 1 above, JoVE and the
Author hereby grant to the public all such rights in the Article
as provided in, but subject to all limitations and requirements
set forth in, the CRC License.
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4. Retention of Rights in Article. Notwithstanding the
exclusive license granted to JoVE in Section 3 above, the
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or
teaching classes, and to post a copy of the Article on the
Institution’s website or the Author’s personal website, in each
case provided that a link to the Article on the JoVE website is
provided and notice of JoVE’s copyright in the Article is
included. All non-copyright intellectual property rights in and
to the Article, such as patent rights, shall remain with the
Author.

5. Grant of Rights in Video — Standard Access. This Section 5
applies if the “Standard Access” box has been checked in Item
1 above or if no box has been checked in Item 1 above. In
consideration of JoVE agreeing to produce, display or
otherwise assist with the Video, the Author hereby
acknowledges and agrees that, Subject to Section 7 below,
JoVE is and shall be the sole and exclusive owner of all rights of
any nature, including, without limitation, all copyrights, in and
to the Video. To the extent that, by law, the Author is
deemed, now or at any time in the future, to have any rights
of any nature in or to the Video, the Author hereby disclaims
all such rights and transfers all such rights to JoVE.

6. Grant of Rights in Video — Open Access. This Section 6
applies only if the “Open Access” box has been checked in
Item 1 above. In consideration of JoVE agreeing to produce,
display or otherwise assist with the Video, the Author hereby
grants to JoVE, subject to Section 7 below, the exclusive,
royalty-free, perpetual (for the full term of copyright in the
Article, including any extensions thereto) license (a) to publish,
reproduce, distribute, display and store the Video in all forms,
formats and media whether now known or hereafter
developed (including without limitation in print, digital and
electronic form) throughout the world, (b) to translate the
Video into other languages, create adaptations, summaries or
extracts of the Video or other Derivative Works or Collective
Works based on all or any portion of the Video and exercise all
of the rights set forth in (a) above in such translations,
adaptations, summaries, extracts, Derivative Works or
Collective Works and (c) to license others to do any or all of
the above. The foregoing rights may be exercised in all media
and formats, whether now known or hereafter devised, and
include the right to make such modifications as are technically
necessary to exercise the rights in other media and formats.
For any Video to which this Section 6 is applicable, JoVE and
the Author hereby grant to the public all such rights in the
Video as provided in, but subject to all limitations and
requirements set forth in, the CRC License.

7. Government Employees. If the Author is a United States
government employee and the Article was prepared in the
course of his or her duties as a United States government
employee, as indicated in Item 2 above, and any of the
licenses or grants granted by the Author hereunder exceed the
scope of the 17 U.S.C. 403, then the rights granted hereunder
shall be limited to the maximum rights permitted under such
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statute. In such case, all provisions contained herein that are
not in conflict with such statute shall remain in full force and
effect, and all provisions contained herein that do so conflict
shall be deemed to be amended so as to provide to JOVE the
maximum rights permissible within such statute.

8. Likeness, Privacy, Personality. The Author hereby grants
JoVE the right to use the Author’s name, voice, likeness,
picture, photograph, image, biography and performance in any
way, commercial or otherwise, in connection with the
Materials and the sale, promotion and distribution thereof.
The Author hereby waives any and all rights he or she may
have, relating to his or her appearance in the Video or
otherwise relating to the Materials, under all applicable
privacy, likeness, personality or similar laws.

9. Author Warranties. The Author represents and warrants
that the Article is original, that it has not been published, that
the copyright interest is owned by the Author (or, if more than
one author is listed at the beginning of this Agreement, by
such authors collectively) and has not been assigned, licensed,
or otherwise transferred to any other party. The Author
represents and warrants that the author(s) listed at the top of
this Agreement are the only authors of the Materials. If more
than one author is listed at the top of this Agreement and if
any such author has not entered into a separate Article and
Video License Agreement with JoVE relating to the Materials,
the Author represents and warrants that the Author has been
authorized by each of the other such authors to execute this
Agreement on his or her behalf and to bind him or her with
respect to the terms of this Agreement as if each of them had
been a party hereto as an Author. The Author warrants that
the wuse, reproduction, distribution, public or private
performance or display, and/or modification of all or any
portion of the Materials does not and will not violate, infringe
and/or misappropriate the patent, trademark, intellectual
property or other rights of any third party. The Author
represents and warrants that it has and will continue to
comply with all government, institutional and other
regulations, including, without limitation all institutional,
laboratory, hospital, ethical, human and animal treatment,
privacy, and all other rules, regulations, laws, procedures or
guidelines, applicable to the Materials, and that all research
involving human and animal subjects has been approved by
the Author's relevant institutional review board.

10. JoVE Discretion. If the Author requests the assistance of
JoVE in producing the Video in the Author’s facility, the Author
shall ensure that the presence of JoVE employees, agents or
independent contractors is in accordance with the relevant
regulations of the Author's institution. If more than one
author is listed at the beginning of this Agreement, JoVE may,
in its sole discretion, elect not take any action with respect to
the Article until such time as it has received complete,
executed Article and Video License Agreements from each
such author. JoVE reserves the right, in its absolute and sole
discretion and without giving any reason therefore, to accept
or decline any work submitted to JoVE. JoVE and its
employees, agents and independent contractors shall have
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full, unfettered access to the facilities of the Author or of the
Author’s institution as necessary to make the Video, whether
actually published or not. JoVE has sole discretion as to the
method of making and publishing the Materials, including,
without limitation, to all decisions regarding editing, lighting,
filming, timing of publication, if any, length, quality, content
and the like.

11. Indemnification. The Author agrees to indemnify JOVE
and/or its successors and assigns from and against any and all
claims, costs, and expenses, including attorney’s fees, arising
out of any breach of any warranty or other representations
contained herein. The Author further agrees to indemnify and
hold harmless JoVE from and against any and all claims, costs,
and expenses, including attorney’s fees, resulting from the
breach by the Author of any representation or warranty
contained herein or from allegations or instances of violation
of intellectual property rights, damage to the Author’s or the
Author’s institution’s facilities, fraud, libel, defamation,
research, equipment, experiments, property damage, personal
injury, violations of institutional, laboratory, hospital, ethical,
human and animal treatment, privacy or other rules,
regulations, laws, procedures or guidelines, liabilities and
other losses or damages related in any way to the submission
of work to JoVE, making of videos by JoVE, or publication in
JoVE or elsewhere by JoVE. The Author shall be responsible
for, and shall hold JoVE harmless from, damages caused by
lack of sterilization, lack of cleanliness or by contamination
due to the making of a video by JoVE its employees, agents or
independent contractors.  All sterilization, cleanliness or
decontamination procedures shall be solely the responsibility
of the Author and shall be undertaken at the Author’s

ARTICLE AND VIDEO LICENSE AGREEMENT

expense. All indemnifications provided herein shall include
JoVE's attorney’s fees and costs related to said losses or
damages. Such indemnification and holding harmless shall
include such losses or damages incurred by, or in connection
with, acts or omissions of JoVE, its employees, agents or
independent contractors.

12. Fees. To cover the cost incurred for publication, JoVE
must receive payment before production and publication the
Materials. Payment is due in 21 days of invoice. Should the
Materials not be published due to an editorial or production
decision, these funds will be returned to the Author.
Withdrawal by the Author of any submitted Materials after
final peer review approval will result in a US$1,200 fee to
cover pre-production expenses incurred by JOVE. If payment is
not received by the completion of filming, production and
publication of the Materials will be suspended until payment is
received.

13. Transfer, Governing Law. This Agreement may be
assigned by JoVE and shall inure to the benefits of any of
JoVE’s successors and assignees. This Agreement shall be
governed and construed by the internal laws of the
Commonwealth of Massachusetts without giving effect to any
conflict of law provision thereunder. This Agreement may be
executed in counterparts, each of which shall be deemed an
original, but all of which together shall be deemed to me one
and the same agreement. A signed copy of this Agreement
delivered by facsimile, e-mail or other means of electronic
transmission shall be deemed to have the same legal effect as
delivery of an original signed copy of this Agreement.

A signed copy of this document must be sent with all new submissions. Only one Agreement required per submission.

CORRESPONDING AUTHOR:

The CFSE-based proliferation assay: a simple and sensitive assay....

Date: Dec 11th 2018

Name: Stuart Mannering

Department: Immunology of Diabetes Unit

Institution: St. Vincent's Institute of Medical Research
Article Title:

Signature: y/’/

Please submit a signed and dated copy of this license by one of the following three methods:
1) Upload a scanned copy of the document as a pfd on the JoVE submission site;

2) Faxthe documentto +1.866.381.2236;

3) Mail the document to JoVE / Attn: JoVE Editorial / 1 Alewife Center #200 / Cambridge, MA 02139

For questions, please email submissions@jove.com or call +1.617.945.9051
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Rebuttal Letter

Click here to access/download;Rebuttal Letter;Jove 59545
editorial rebuttal.docx

Manuscript editorial comments rebuttal

Manuscript Number: 59545-R1
Di Carluccio et al “quantification of proliferating human antigen specific CD4* T cells using
Carboxyfluorescein Succinimidyl Ester (CFSE)”

Below we have copied the eidtorial comments and our responses are shown in blue text.
Editorial comments:

1. Line 121: Mention temperature and environmental conditions.
‘Incubate these unlabeled cells for 7 days in a 37°C 5% CO; incubator with the CFSE-
labeled cells (2.6.1).’

2. Line 126: Cells from 2.3?
‘Transfer cells from step 2.3 into a 50 mL tube.’

3. Line 149: At what concentration? Add RRID to the table of materials.

| have updated this with our dilution of the antibody. ‘Stain with anti-human CD4-Alexa
Fluor 647 (1/400 dilution) in 100 pL PBS/0.1% FCS’. RRID is now included in the table of
contents

4. Line 154: How? By centrifuging? Mention speed (in g) and duration.
‘Wash cells by adding 1 mL PBS/0.1% FCS, centrifuge at 550 x g for 5 minutes at room
temperature and re-suspend in 100 uL of PBS/0.1% FCS.’

5. Line 169: Please describe this in more detail.

Section has been updated as follows:

‘Use unstained cells to set a voltage baseline for non fluorescent cells. The voltages for
CD4-A647 and CFSE are set so that the fluorescence signal is below 1000 for each (Figure
1C). The single color controls CFSE (Figure 1D) and CD4-A647 (Figure 1E) confirm positive
fluorescent signals (~10,000) for each colour using the voltages set with unstained cells.
CFSE and Pl have some spectral overlap; adjust compensation for to subtract Pl
fluoresence from the CFSE fluoresence until the CFSE only sample does not give a signal
in the Pl channel.’

6. Line 176:1re-write several steps in the previous section in the imperative voice. Please
edit this section so that the steps under it are in the imperative voice. Ensure sufficient
detail. How are the numbers of divinding and undivided cells obtained from FACS?
Please describe. Please ensure that the supplementary file is referenced somewhere
in the text. The File also needs updating as the numerical values appear as "Div/0"
errors. Did you intend to use this file in your final version?

The supplementary table is now referenced and the table has been updated to display

numerical values. ‘CDI refers to the number of divided cells (CD4*/CFSEY™) per 5,000

undivided cells (CD4*/ CFSEP"8"). When the number of undivided CD4* cells is not exactly

5,000, the number of divided cells is corrected to express the number of divided cells per

5,000 undivided cells. For example, using the tetanus toxoid-specific proliferation of


https://www.editorialmanager.com/jove/download.aspx?id=995815&guid=f8d96e3e-242e-4bd1-9b4c-730f189a9cfa&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=995815&guid=f8d96e3e-242e-4bd1-9b4c-730f189a9cfa&scheme=1

(Figure 2D)there were 4,930 undivided cells (CFSE bright) and 3,268 divided cells (CFSE
dim), therefore the corrected number of divided cells is (5,000/4,930) x 3,268 = 3,304.3.
The CDI (supplementary table 1) is calculated by dividing the number of divided
cells/5,000 undivided cells from the antigen-stimulated group by the mean number of
divided cells (per 5,000 undivided cells) from the cells cultured without antigen (Table 2).’



