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SUMMARY:  22 
Here, we present a flow cytometric protocol to identify CD4+ and CD8+ T cells, γδ T cells, B cells, 23 
NK cells and monocytes in human peripheral blood by using only two fluorochromes instead of 24 
seven. With this approach, five additional markers can be recorded on most flow cytometers. 25 
 26 
ABSTRACT: 27 
Immune cell characterization heavily relies on multicolor flow cytometry to identify 28 
subpopulations based on differential expression of surface markers. Setup of a classic 29 
multicolor panel requires high-end instruments, custom labeled antibodies, and careful study 30 
design to minimize spectral overlap. We developed a multiparametric analysis to identify major 31 
human immune populations (CD4+ and CD8+ T cells, γδ T cells, B cells, NK cells and monocytes) 32 
in peripheral blood by combining seven lineage markers using only two fluorochromes. Our 33 
strategy is based on the observation that lineage markers are constantly expressed in a unique 34 
combination by each cell population. Combining this information with a careful titration of the 35 
antibodies allows investigators to record five additional markers, expanding the optical limit of 36 
most flow cytometers. Head-to-head comparison demonstrated that the vast majority of 37 
immune cell populations in peripheral blood can be characterized with comparable accuracy 38 
between our method and the classic “one fluorochrome-one marker approach”, although the 39 
latter is still more precise for identifying populations such as NKT cells and γδ T cells. Combining 40 
seven markers using two fluorochromes allows for the analysis of complex immune cell 41 
populations and clinical samples on affordable 6-10 fluorochrome flow cytometers, and even 42 
on 2-3 fluorochrome field instruments in areas with limited resources. High-end instruments 43 
can also benefit from this approach by using extra fluorochromes to accomplish deeper flow 44 
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cytometry analysis. This approach is also very well suited for screening several cell populations 45 
in the case of clinical samples with limited number of cells. 46 
 47 
INTRODUCTION: 48 
Flow cytometry is a technique that was developed to analyze multiple parameters on single 49 
particles at a rate of several thousand of events per second1. Examples of specimens analyzed 50 
by flow cytometry include, but are not limited to, cells, beads, bacteria, vesicles and 51 
chromosomes. A fluidic system directs particles at the interrogation point where each particle 52 
intersects its path with one or more lasers, and multiple parameters are recorded for further 53 
analysis. Forward and side scatters, generated by scattering of the pure laser light, are used to 54 
identify the target population and retrieve information about the relative size and internal 55 
complexity/granularity of particles, respectively. All the other parameters, that account for 56 
most of data in a flow cytometric analysis, are derived by fluorochrome-labeled probes that 57 
recognize and bind to specific targets on the particles of interest.  58 
 59 
Flow cytometry is a primary tool for immunological studies to identify and characterize cell 60 
populations. To dissect the complexity of the immune system, multicolor panels are constantly 61 
evolving to expand the number of markers simultaneously recorded for deep 62 
immunophenotyping of cell populations1. This is leading to the development of more capable 63 
instruments and fluorochromes, with recent high-end flow cytometers exceeding 20 64 
fluorescent parameters. This results in complex study design due to fluorochrome spectral 65 
overlap and in higher costs associated with custom antibody labelling and skilled operators. In 66 
several instances, complexity and costs are reduced by using separate panels of markers for 67 
different cell populations. This approach, however, is error prone, reduces the information in 68 
each panel, and can be difficult to apply to samples with limited number of cells. Moreover, 69 
increasing the number of markers precludes deep immunophenotyping on instruments with 70 
fewer fluorescent parameters. We previously developed a staining protocol to identify major 71 
human immune populations (CD4+ and CD8+ T cells, γδ T cells, B cells, NK cells and monocytes) 72 
in peripheral blood mononuclear cells (PBMCs) by combining seven lineage markers using only 73 
two fluorochromes instead of the seven required using the traditional “one fluorochrome-one 74 
marker” approach (www.hcdm.org)2,3. Our initial report explored and validated the notion of 75 
combining seven markers in two fluorochromes for deep immunophenotyping. In this report, 76 
we present a step-by step protocol to isolate and stain peripheral blood cells, focusing on the 77 
practical aspect and troubleshooting steps to achieve a successful staining.  78 
 79 
This protocol is based on the observation that lineage markers have a constant expression on 80 
the cell surface and that each cell population has an exclusive combination of lineage markers. 81 
In PBMCs, CD3 expression subdivides immune cells into two main categories: CD3-positive T 82 
lymphocytes and CD3-negative cells. Within the CD3 positive subgroup, CD4+, CD8+ and γδ T 83 
cells can be separated using antibodies that solely target CD4, CD8 and the γδ receptor. In a 84 
comparable way, within the CD3 negative subgroup, B cells, NK cells and monocytes can be 85 
uniquely identified using antibodies against CD19, CD56 and CD14, respectively. In a standard 86 
one fluorochrome-one marker approach, anti-CD3, -CD4, -CD8, -CD14, -CD19, -CD56 and -TCR 87 
γδ antibodies are detected with seven different fluorochromes. Our approach combines anti-88 
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CD3, -CD56, and -TCR γδ antibodies in one fluorochrome (labeled for convenience 89 
fluorochrome A) and anti-CD4, -CD8, -CD14 and -CD19 antibodies in a different fluorochrome 90 
(fluorochrome B). This is possible by a combination of antibody titration and differential antigen 91 
expression. Both CD4+ and CD8+ T cells are positive for the anti-CD3 antibody in fluorochrome 92 
A, but they can be separated in fluorochrome B maximizing the expression of the CD8 signal 93 
while placing, with an ad hoc titration, the CD4 signal in between the CD8 and the CD3 positive-94 
CD4/CD8 double negative cells. γδ T cells expresses higher level of CD3 than CD4 and CD8, and 95 
therefore they can be identified as CD3 high4. This signal is further boosted by labeling γδ T cells 96 
in fluorochrome A with an anti-TCR γδ antibodies, thus improving separation between CD3 low 97 
T cells and CD3 high γδ T cells. B cells can be identified as CD3- in fluorochrome A and CD19+ in 98 
fluorochrome B. To separate CD3 negative NK cells from B cells, an anti-CD56 antibody was 99 
used in fluorochrome A as the anti-CD3. This is possible because CD56 expressed on NK cell at a 100 
much lower level than CD3 on T cells5. Finally, monocytes can be identified via a combination of 101 
forward-side scatter properties and expression of CD14 in fluorochrome B.  102 
 103 
The idea of combining up to four markers using two fluorochromes has been already 104 
successfully attempted before6–8, and has been used in a clinical protocol to identify malignant 105 
lymphocytic populations9. A previous report also combined seven markers (with different 106 
specificity from the markers than we used in our protocol) using two fluorochromes, but this 107 
approach relied on a complex labelling of each antibody with varying amount of 108 
fluorochrome10. This is in contrast to our method which uses commercially available antibodies 109 
and can be adapted to the instrument configuration and can take advantage of the new 110 
generation of polymer fluorochromes.  111 
 112 
The overall goal of this methodology is to expand the optical limits of most flow cytometers 113 
allowing for the recording of five additional markers to interrogate complex cell populations. As 114 
a consequence, advanced immunological analysis can be performed on affordable 6-10 115 
fluorochrome flow cytometers, and 2-3 fluorochrome field instruments can achieve remarkable 116 
results in areas with limited resources. High-end instruments can also benefit from this 117 
approach by using extra fluorochromes to accomplish deeper flow cytometry analysis and to 118 
create modular flow cytometric panels targeting several lineages at the same time11. This can 119 
potentially reduce the number of panels used in modular immunophenotyping flow cytometry 120 
and reduce costs, errors and handling time. This approach is also very well suited in the case of 121 
clinical samples with limited number of cells. 122 
 123 
PROTOCOL: 124 
 125 
All studies of human materials were approved by the Johns Hopkins Institutional Review Board 126 
under the Health Insurance Portability and Accountability Act. Patient and control samples 127 
were de-identified. PBMCs and blood from healthy controls were obtained by informed 128 
consent.  129 
 130 
NOTE: This protocol has been tested on freshly or frozen isolated peripheral blood cells and 131 
whole blood. 132 



   

 
 

 133 
1. Cell preparation 134 
 135 
1.1. Isolation of peripheral blood cells (PBMC) from whole blood 136 
 137 
1.1.1. Draw blood in a 10 mL green-top tube containing sodium heparin. After the tube has 138 
been filled with blood, immediately invert the tube several times to prevent coagulation.  139 
 140 
NOTE: Tubes containing other anticoagulant such as ethylenediaminetetraacetic acid (EDTA) or 141 
sodium citrate can be used with comparable results. If a different amount of blood is collected, 142 
the following steps in the protocol should be scaled accordingly. 143 
 144 
1.1.2. Carefully transfer drawn blood into a 50 mL conical tube. Dilute the blood with an equal 145 
amount of phosphate buffered saline (PBS) without calcium and magnesium.  146 
 147 
1.1.3. Add 15 mL of density gradient medium (e.g., Ficoll) to the bottom of a new 50 mL 148 
conical tube and carefully overlay the diluted blood on top of density gradient medium, 149 
avoiding any mixing between the density gradient medium and diluted blood. 150 
 151 
NOTE: This is a critical step for a proper separation of PBMCs from red cells.  152 
 153 
1.1.4. Centrifuge at 400 x g for 30 min at room temperature (RT), with no brake to avoid 154 
disruption of the interface. 155 
 156 
1.1.5. After centrifugation, carefully aspirate the upper layer using a pipette and discard it, 157 
paying attention to not remove cells at the interface between the plasma and density gradient 158 
medium, that is where PBMCs stratifies. Collect as many cells as possible from the interface 159 
without touching the red cell pellet at the bottom of the 50 mL conical tube and transfer to a 160 
new 50 mL conical tube. 161 
 162 
1.1.6. Add PBS to bring the final volume to 25 mL and invert several times to mix. Centrifuge at 163 
300 x g for 10 min at RT with the brake on to remove any density gradient medium 164 
contamination from the cell suspension. 165 
 166 
1.1.7. Carefully aspirate supernatant without disturbing cell pellet. Add PBS to bring the final 167 
volume to 25 mL and invert several times to mix. Centrifuge at 200 x g for 10 min at RT with the 168 
brake on to remove platelets.  169 
 170 
1.1.8. Carefully aspirate the supernatant without disturbing the cell pellet. Resuspend PBMCs 171 
in 1 mL of PBS/0.1% sodium azide. Sodium azide reduces capping, shedding, internalization of 172 
the antibodies, and increase cell recovery, but its toxicity can impair cell viability. For this 173 
reason, sodium azide should be avoided in all steps if the cells will be cultured for subsequent 174 
experiments. Cell isolation and staining without sodium azide gave similar results to staining 175 
performed in the presence of sodium azide. 176 



   

 
 

 177 
CAUTION: Sodium azide can cause death by affecting the central nervous system. Contact may 178 
cause burns to skin and eyes. 179 
 180 
1.1.9. Dilute the cells for counting by transferring 30 µL of PBMCs in a 1.5 mL microcentrifuge 181 
tube. Then add 120 µL of PBS and 150 µL of Trypan blue to determine cell number and viability 182 
(1:10 cell dilution). Resuspend carefully.  183 
 184 
1.1.10. Transfer 10 µL to a hemocytometer, count the cells accordingly to the used counting 185 
chamber and determine the number of viable cells. Viable cells = number of Trypan blue 186 
negative cells total x 10 (the dilution factor used in this protocol) x 104. 187 
 188 
NOTE: On average, 7-15 x 106 of PBMCs should be collected from 10 mL of blood. 189 
 190 
1.1.11. Resuspend the cells at 10 x 106 per mL of PBS/0.1% sodium azide 191 
 192 
NOTE: PBMC can be frozen and stored in liquid nitrogen for an extended period of time. 193 
However, expression of markers such as chemokine receptors can be altered by this procedure. 194 
 195 
1.2. Preparation of cells from frozen PBMC 196 
 197 
NOTE: Different freezing procedures can affect cell recovery and viability12. PBMCs for these 198 
experiments were frozen in specially formulated freezing media or fetal bovine serum 199 
(FBS)/10% dimethyl sulfoxide (DMSO) with similar results.  200 
 201 
CAUTION: DMSO can be slightly hazardous in case of inhalation (lung irritant), skin contact 202 
(irritant, permeator), of eye contact (irritant), of ingestion. 203 
 204 
1.2.1. Remove frozen PBMC from liquid nitrogen and place on ice. Transfer the cryovial from 205 
the ice directly into the 37 °C water bath. Keep the cryovial at water surface and gently shake 206 
the vials until a small ice pellet remain. Transfer the cryovial back on ice. 207 
 208 
1.2.2. Remove any water with a 70% ethanol sprayed wipe. Slowly add 1 mL of PBS/0.1% 209 
sodium azide at 4 °C and carefully transfer the cell to a 15 mL conical tube. Slowly add cold 210 
PBS/0.1% sodium azide at 4 °C to reach a final volume of 15 mL. 211 
 212 
1.2.3. Centrifuge at 300 x g for 10 min. Carefully remove the supernatant, resuspend the cells 213 
in 1 mL of PBS/0.1% sodium azide. 214 
 215 
NOTE: The cells can also be resuspended in RPMI 10% FBS with similar results. 216 
 217 
1.2.4. Dilute the cell for counting by transferring 30 µL of PBMCs in a 1.5 mL microcentrifuge 218 
tube. Then add 120 µL of PBS and 150 µL of Trypan blue to determine cell number and viability 219 
(1:10 cell dilution). Resuspend carefully.  220 



   

 
 

 221 
1.2.5. Transfer 10 µL to a hemocytometer, count the cells accordingly to the used counting 222 
chamber and determine the number of viable cells. Viable cells = number of Trypan blue 223 
negative cells total x 10 (the dilution factor used in this protocol) x 104. 224 
 225 
1.2.6. Resuspend the cells at 10 x 106 per mL in PBS/0.1% sodium azide. 226 
 227 
1.3. Preparation of cells from whole blood 228 
 229 
1.3.1. Draw blood in a 10 mL green-top tube containing sodium heparin. After the tube has 230 
been filled with blood, immediately invert the tube several times to prevent coagulation.  231 
 232 
NOTE: Tubes containing other anticoagulant such as EDTA or sodium citrate can be used with 233 
comparable results. If a different amount of blood is collected, the following steps in the 234 
protocol should be scaled accordingly. 235 
 236 
1.3.2. Transfer 200 µL of whole blood to a 12 mm x 75 mm capped tube, add 2 µL of sodium 237 
azide and vortex gently for 2 s. 238 
 239 
2. Cell staining 240 
 241 
NOTE: Choosing pairs of fluorochromes with virtually no spectral overlap is important to reduce 242 
spread of data due to high spillover of a fluorochrome in the other fluorochrome detector. To 243 
achieve an optimal identification of al the cell subsets, fluorochromes with a high quantum 244 
yield should be used such as antibody pairs PE-BV421 and PE-APC. 245 
 246 
2.1. Staining of fresh and frozen PBMC 247 
 248 
2.1.1. Transfer 100 µL of PBMC (1 x 106 cells) to a 96-well V-bottom plate. 249 
 250 
NOTE: Any number of cells lower than 1 x 106 can be used with similar results2. 251 
 252 
2.1.2. Centrifuge at 350 x g for 3 min at RT and carefully aspirate the supernatant without 253 
disturbing the cell pellet. Add to each well 100 µL of PBS containing a live/dead fixable dye that 254 
reacts with free amine on proteins for 10 min to label dead cells. 255 
 256 
2.1.3. Prepare for each sample 30 µL of a mix containing all the antibodies (anti-CD3. -CD56, 257 
TCRγδ in fluorchrome A, and anti-CD4, CD8, CD19, CD14 in fluorchrome B). Concentration of 258 
antibodies are indicated in Table 1 and Table2. At this stage, titrated antibodies against 259 
different target molecules and in different fluorochromes can be added as well (e.g., Table 3).  260 
 261 
NOTE: Antibodies concentration can vary depending on the manufacturer and lot number. 262 
Therefore, preliminary tests should be done to achieve the optimal signal. PBS, PBS/0.5% BSA, 263 
PBS/0.2% sodium azide or PBS/0.5% BSA/0.1% sodium azide were used with similar results to 264 



   

 
 

dilute antibodies2. Cell can also be stained in volumes different from 30 µL to easily integrate 265 
this methodology to already existing staining protocols. 266 
 267 
2.1.4. Centrifuge at 350 x g for 3 min at RT and carefully aspirate the supernatant without 268 
disturbing the cell pellet. Add the antibody cocktail to each well and resuspend carefully 269 
without generating bubbles. Incubate for 30 min at RT in the dark. 270 
  271 
NOTE: It is possible to stain the samples at 4 °C with similar results. 272 
 273 
2.1.5. Add 150 µL of staining buffer and centrifuge at 350 x g for 3 min at RT and carefully 274 
aspirate the supernatant without disturbing the cell pellet. Resuspend the cells in 200 µL of PBS 275 
and acquire data on a flow cytometer. If staining volumes are changed, please ensure at least a 276 
20-fold dilution of the original antibody mix used to wash the excess of antibodies. 277 
 278 
NOTE: Stained cells can be fixed with in PBS/2% paraformaldehyde, kept in a refrigerator at 4 °C 279 
overnight and then acquired on a flow cytometer the following day.  280 
 281 
CAUTION: Paraformaldehyde is harmful if swallowed and can cause skin irritation 282 
 283 
2.2. Staining of whole blood 284 
 285 
2.2.1. To each 12 mm x 75 mm capped tube, add the cocktail of antibodies (anti-CD3. -CD56, 286 
TCRγδ in fluorochrome A, and anti-CD4, CD8, CD19, CD14 in fluorochrome B) and incubate at RT 287 
for 30 min at RT in the dark. Concentration of antibodies are indicated in Table 4. At this stage, 288 
titrated antibodies against different target molecules and in different fluorochromes can be 289 
added as well. Antibody concentration can vary depending on the manufacturer and lot 290 
number. Therefore, preliminary tests should be done to achieve the optimal signal. 291 
 292 
NOTE: It is possible to stain samples at 4 °C with similar results. 293 
 294 
2.2.2. Centrifuge at 350 x g for 3 min at RT and carefully aspirate the supernatant without 295 
disturbing the cell pellet. Make a 1x solution of the red blood cell lysis buffer following 296 
manufacturer’s instructions. 297 
 298 
NOTE: The lysis solution should be at RT before use. 299 
 300 
2.2.3. Add 2.0 mL of 1x red blood cell lysis buffer to each tube, cap well and invert several 301 
times to mix. Cover with foil and let sit for 15 min. 302 
 303 
2.2.4. Spin down at 300 x g for 5 min. Carefully aspirate the supernatant without disturbing 304 
the cell pellet.  305 
 306 
2.2.5. Add 2 mL of PBS and centrifuge at 300 x g for 5 min.  307 
 308 



   

 
 

NOTE: At this point, the cell pellet should have a pale white coloration indicating a successful 309 
red blood cell lysis. Carefully aspirate the supernatant to not disturb the cell pellet and gently 310 
resuspend the cells in 200 µL of PBS. 311 
 312 
2.2.6. Strain the cells through 12 mm x 75 mm tubes with 40 µm filter caps to remove cell 313 
aggregates and acquire data on a flow cytometer. 314 
 315 
3. Antibody titration 316 
 317 
NOTE: Antibody titration is the most critical step for obtaining high-quality, reproducible data. 318 
Titration of anti-CD3, -CD8, -CD14, -CD19 and -TCR γδ follows the standard procedure by which 319 
the concentration of antibody to optimally separate positive and negative peaks is derived by 320 
maximum staining index13,14. Dilutions at the peak or closer to the peak on the rising side of the 321 
stain index curve should be selected (Figure 1A-C). The anti-CD4 antibody is titrated to place 322 
the peak of the CD4 positive population between CD3 single positive populations and 323 
CD3+/CD8+ T cells, closer to the CD3 single positive signal to better discriminate the CD8dim 324 
populations (CD8+ γδ T cells and NK T cells). Along the same line, CD56 titration aims to 325 
position NK CD56+ cells between the CD3+ and the CD3- population.  326 
 327 
3.1. Maximum stain index curve 328 
  329 
NOTE: Titration of anti-CD3, -CD8, -CD14, -CD19 and -TCR γδ follows the standard procedure by 330 
which the concentration of antibody to optimally separate positive and negative peaks is 331 
derived by a maximum staining index curve15. If antibodies against other markers are added to 332 
the panel, they also need to be titrated with a maximum staining index curve. 333 
 334 
3.1.1. Prepare a 2-fold antibody dilution by filling 10 wells of a 96-well plate with 40 µL of 335 
staining buffer. In the first well, increase the final volume to 80 µL of staining buffer and add 336 
the antibody of interest at a concentration 4 times the concentration suggested by the 337 
manufacturer.  338 
 339 
3.1.2. Mix well and transfer 40 µL to the second well. Mix well and repeat this step for the all 340 
the other wells. 341 
 342 
3.1.3. Stain 10 samples of PBMC or whole blood with 30 µL of the 10 different 2-fold dilutions 343 
of antibodies following the protocol described before.  344 
 345 
3.1.4. Acquire data with a flow cytometer and plot the signal from each dilution (Figure 1A). 346 
 347 
3.1.5. Gate on the negative and positive populations for each antibody concentration. 348 
Increasing concentration of antibodies can lead to a higher background. Therefore, resize the 349 
negative gate accordingly. 350 
 351 
3.1.6. For each antibody concentration, extract information about the median and standard 352 



   

 
 

deviation for the fluorescent intensity of the negative population, and the median for the 353 
fluorescent intensity of the positive population. Calculate for each antibody concentration the 354 
stain index with this formula: (median fluorescent intensity of the positive population – median 355 
fluorescent intensity of the negative population) ÷ (2 x standard deviation of the fluorescent 356 
intensity of the negative population) (Figure 1B). 357 
 358 
3.1.7. Plot the stain index vs. the antibody concentration expressed as fraction of the antibody 359 
dilution (e.g., 1:10 dilution = 0.1), and identify the concentration of antibody with the maximum 360 
stain index value (Figure 1C).  361 
  362 
3.2. Anti-CD4 and -CD56 antibody titration 363 
  364 
NOTE: Anti-CD4 and -CD56 antibodies titration relies on previous titration the other markers in 365 
the two-fluorochrome panel. For the anti-CD4 antibody the titration aims at placing the anti-366 
CD4 signal between the double CD8+/CD3+ signal and the CD3 single positive population 367 
(Figure 1D).  368 
 369 
3.2.1. Titrate the anti-CD4 and CD56 antibodies with a 2-fold dilution strategy as described 370 
before, adding additional concentrations in between to finely identify the range of 371 
concentration that allow to separate CD4+T cells and NK cells from the other cell populations. 372 
 373 
3.2.2. Titrate the anti-CD4 antibody by placing the anti-CD4 signal between the double 374 
CD8+/CD3+ signal and the CD3 single positive population (Figure 1D).  375 

 376 
NOTE: Special care should be done to clearly separate CD4+ T cells from CD8+ dim populations. 377 
 378 
3.2.3. Titrate the anti-CD56 antibody following a strategy similar to the anti-CD4 antibody 379 
titration, by placing NK cells between the CD3-negative and the CD3-positive populations. 380 
 381 
4. Gating strategy 382 
 383 
4.1. Identify lymphocytic and monocytic cell populations and remove dead cells and most of 384 
the residual red blood cells from the analysis. 385 
 386 
4.1.1. Select the entire population containing lymphocytes and monocytes based on forward 387 
vs side scatter area (FSC-A vs SSC-A). Remove cell aggregates from the analysis via forward 388 
scatter height vs forward scatter width (FSC-H vs FSC-W) and side scatter height vs side scatter 389 
width (SSC-H vs SSC-W). 390 
 391 
4.1.2. Use a live/dead discrimination marker to exclude bright positive dead cells and residual 392 
red blood cells from the analysis. Gate on lymphocytes and monocytes based on the different 393 
FSC-A and SSC-A profile. 394 
 395 
4.2. Two-fluorochrome seven-marker gating strategy of the lymphocytic populations.  396 



   

 
 

 397 
NOTE: Within the CD3 positive subgroup, CD4+, CD8+ and γδ T cells can be separated using 398 
antibodies that solely target CD4, CD8 and the γδ receptor. In a comparable way, within the 399 
CD3 negative subgroup, B cells, NK cells and monocytes can be uniquely identified using 400 
antibodies against CD19, CD56 and CD14, respectively. 401 
 402 
4.2.1. Select the lymphocyte gate and create a dot plot with on each axis one of two 403 
fluorochromes used in this protocol (Figure 2B).  404 
 405 
4.2.2. Gate on CD8+ T cells identified as CD3+/CD8+ double positive cells at the top right corner 406 
of the dot-plot (Figure 2B). Exclude the dim CD8 population which might contain NKT cells. Gate 407 
on CD4+ T cells identified as population in between CD8+ T cells and the CD3 single positive 408 
populations. Gate on γδ T cells identified as high CD3 cells. Subdivide γδ T cells in CD8 positive 409 
and CD8 negative. 410 
 411 
4.2.3. Gate on NK cells identified as the population in between CD3-positive and CD3-negative 412 
cells. Subdivide NK cells in CD8 positive and CD8 negative. Gate on B cells identified as CD3-413 
negative CD19+ population on the right lower corner of the dot plot. 414 
 415 
4.2.4. Select the monocyte gates and create a dot plot with on each axis one of two 416 
fluorochromes used in this protocol (Figure 2C). Gate on the CD3-/CD14+ population. 417 
 418 
REPRESENTATIVE RESULTS:  419 
Setup and analysis of a flow cytometry experiment of human peripheral blood cells stained with 420 
seven lineage markers (anti-CD3, -CD4, -CD8, -CD14, -CD19, -CD56 and -TCR γδ antibodies) 421 
using only two fluorochromes are presented. 422 
  423 
Representative results are described for anti-CD8 and -CD56 antibody titration. For each 424 
antibody (in this example, anti-CD8), data from ten successive 2-fold dilutions were recorded to 425 
calculate a stain index curve (Figure 1A-C). Optimal antibody concentration was determined by 426 
the maximum stain index signal13,14. Dilutions at the peak or closer to the peak on the rising side 427 
of the stain index curve should be selected. Anti-CD4 and -CD56 antibodies were titrated by 428 
staining peripheral blood cells together with the other markers in the two-fluorochrome panel 429 
(previously titrated). For the anti-CD4 antibody, the titration should aim at placing the anti-CD4 430 
signal between the double CD8+/CD3+ signal and the CD3 single positive population (Figure 1D). 431 
Special care should be done to clearly separate CD4+ T cells from CD8+ dim populations. PBMCs 432 
were stained with optimal concentration of the indicated markers and different concentrations 433 
of anti-CD4. Color code of the concentrations: green indicates concentrations that result in an 434 
optimal separation of CD4+ T cells from the other CD3+populations; orange indicates 435 
concentrations that result in an acceptable but not ideal separation; red indicates 436 
concentrations that result in poor separation of CD4+ T cells from dim CD8 cells or CD4/CD8 437 
double negative populations. The anti-CD56 titration was done in a similar way as the anti-CD4 438 
antibody, by placing NK cells between the CD3-negative and the CD3-positive populations. 439 
 440 



   

 
 

Representative gating strategy shows how to identify lymphocytic and monocytic cell 441 
populations and remove from the analysis dead cells and most of the residual red blood cells 442 
(Figure 2A). All the subsequent analysis was based on this gating strategy. Representative 443 
gating strategy is used to identify CD4+ and CD8+ T cells, γδ T cells, B cells, NK cells and 444 
monocytes in the two fluorochrome-seven marker staining (Figure 2B-C).  445 
 446 
Representative negative results are deriving from improper sample preparation and titration of 447 
anti-CD4 and -CD56 antibodies. Failing to proper titrate CD4 results in poor separation of CD4+ T 448 
cells from CD8+ T cells (Figure 3A), while a poor CD56 titration can lead to a poor separation of 449 
NK from B cells and cells negative for all the markers in the staining panel (Figure 3B). Poor RBC 450 
lysis can occur with whole blood staining. If the primary goal of the protocol is to calculate the 451 
percentage of different cell population (e.g., % of CD4+ T cells), contamination with RBC double 452 
negative cells, that will appear in the dot plot as double negative population, should be 453 
excluded from the analysis (Figure 3C). Based on our experience with this protocol, we have 454 
noticed that accurate separation between B cells and NK CD8+ cells can be verified by using 455 
other markers. As an example, NK cells are double negative for HLA-DR and CCR6, while B cells 456 
are double positive (Figure 3D). 457 
  458 
The protocol presented in this manuscript is meant to be part of a multicolor staining panel to 459 
interrogate several immune populations in samples with limited number of cells. By using this 460 
approach, we investigated dynamics in immune populations of longitudinal samples from 461 
donors with multiple myeloma receiving a stem cell transplant (Clinicaltrials.gov 462 
NCT0056609816). Frozen PBMC were collected and analyzed by flow cytometry at day 0, 14, 28, 463 
60, 180, 360 after transplantation. By using this approach, we were able to interrogate several 464 
lymphocyte populations focusing on their naïve/memory profile (CD45RA, CCR7), activation and 465 
cell exhaustion status (HLA-DR, CD57, CD45RA+ effector memory, CD16), and T effector 466 
phenotype (CCR4, CCR6, CXCR3) in a single staining panel17–26. This has been particularly useful 467 
considering that the number of collected cells for some of the patients and time points was 468 
barely sufficient for only a single staining panel. Representative gating strategy (Figure 4) and 469 
dynamics of selected cell populations (Figure 5) of a relapsing patient over time. In multiple 470 
myeloma B cells can express the NK marker CD56. To exclude this possibility, we used HLA-DR 471 
and CCR6 to further differentiate B cells from NK cells (Figure 4B). CD8+ memory and naïve T 472 
cells were identified by the expression of CD45RA and CCR7: naïve (CD45RA+/CCR7+), central 473 
memory (CM, CD45RA-/CCR7+), effector memory (EM, CD45RA-/CCR7-) and effector memory 474 
CD45RA+ (EMRA, CD45RA+/CCR7+) (Figure 4C). Expression of HLA-DR and CD57 in CD8+ naïve, 475 
total memory T cells (which comprise CM, EM and EMRA), CM, EM and EMRA (Figure 4D). CD4+ 476 
memory and naïve T cells were identified by the expression of CD45RA and CCR7: naïve 477 
(CD45RA+/CCR7+), central memory (CM, CD45RA-/CCR7+), effector memory (EM, CD45RA-/CCR7-478 
) and effector memory CD45RA+ (EMRA, CD45RA+/CCR7+) (Figure 4E). HLA-DR and CD57 479 
expression in CD4+ naïve and memory population (which comprise CM, EM and EMRA), CM, EM 480 
and EMRA (Figure 4F). CCR4 and CCR6 were used as markers to identify within the memory 481 
population Th9 CD4+ T cells (Figure 4G). Th1, Th1/17, Th2 and Th17 CD4+ T helper 482 
subpopulations were identified by expression of CCR4, CCR6 and CXCR3 (Figure 4H). CD16 and 483 
CD57 expression in NK cells (Figure 4I). Stem cells transplantation resulted in a sustained 484 



   

 
 

CD4+ and CD8+ T cell activation as shown by increased expression of HLA-DR and CD57, and in a 485 
skew of T helper to a Th1 phenotype. At day 60 the percentage of B cells dramatically 486 
augmented predicting the patient relapse (Figure 5).  487 
 488 
FIGURE AND TABLE LEGENDS: 489 
Figure 1. Representative antibody titration. (A) Dot plot shows CD8 expression on fresh PBMC 490 
stained with the indicated concentration of the antibody. (B) Table represent the median and 491 
standard deviation of fluorescent intensity of the CD8+, median fluorescent intensity CD8- 492 
population, and the derived stain index for each concentration tested. (C) The graph shown 493 
how to derivate the optimal concentration of the antibody as a function of stain index. (D) 494 
Representative titration of CD4 antibody. Panel D has been modified from Boin et al. 20172. 495 
 496 
Figure 2: Representative gating strategy and results of subpopulation discrimination. A) 497 
Schematic representation of doublet exclusion, live cells discrimination and size-based gating of 498 
lymphocytes and monocytes. B) Lymphocyte subpopulations identified with the two 499 
fluorochrome approach. C) Monocytes identified with the two fluorochrome approach. The 500 
figure has been modified from Boin et al. 20172. 501 
 502 
Figure 3. Representative results obtained from improper sample separation and wrong 503 
antibody titration. (A) Incorrect titration of CD4 antibody results in poor resolution between 504 
CD4+ and CD8+ populations. (B) Poor CD56 titration can lead to a bad separation of NK from B 505 
cells. (C) Effect of RBC incomplete lysis on subpopulations discrimination. (D) Example of usage 506 
of other markers to verify accurate separation between B cells and NK cells: B cells are HLA-DR 507 
and CCR6 double positive, whereas NK cells are double negative. Panel D has been modified 508 
from Boin et al. 20172. 509 
 510 
Figure 4: Gating strategy to analyze samples from a patient with multiple myeloma. (A) 511 
Lymphocytes were gated on the basis of their FSC-A and SSC-Area and their flow cytometric 512 
profile with the two-fluorochrome immune-cell staining is shown. (B) Separation of NK and B 513 
cells using CCR6 and HLA-DR. (C) Gating strategy to identify CD8+ memory and naïve T cells. (D) 514 
Expression of HLA-DR and CD57 in CD8+ naïve and memory T cells. (E) Gating strategy to 515 
identify CD4+ memory and naïve T cells. (F) HLA-DR and CD57 expression in CD4+ naïve and 516 
memory T cells. (G) Identification of Th9 CD4+ T cells (H) Identification of Thelper CD4+ T cell  517 
subpopulations (I) CD16 and CD57 expression in NK cells. The figure has been adapted from 518 
Boin et al. 20172. 519 
 520 
Figure 5: Dynamics of cell population in patient with multiple myeloma. (A) Dynamic of major 521 
lymphocyte populations in PBMC isolated and cryopreserved at the indicated day after stem 522 
cell transplant (SCT). (B) Characterization of CD8 subpopulations over time. (C) Characterization 523 
of CD4 subpopulations over time. (D) Analysis of NK subsets. Data have been plotted with 524 
GraphPad Prism. The figure has been adapted from Boin et al. 20172. 525 
 526 
Table 1: Antibody panel used for the two-fluorochrome immune-cell staining of PBMC (BV421-527 
PE combination). 528 



   

 
 

 529 
Table 2: Antibody panel used for the two-fluorochrome immune-cell staining of PBMC (APC-PE 530 
combination). 531 
 532 
Table 3: Antibody panel used to stain frozen PBMC from a patient with multiple myeloma. 533 
 534 
Table 4: Antibody panel used for the two-fluorochrome immune-cell staining of whole blood 535 
(BV421-PE combination). 536 
 537 
DISCUSSION: 538 
The protocol presented here has been shown to be quite flexible and insensitive to changes in 539 
staining buffer, temperature and peripheral blood cell preparation due to the high expression 540 
of lineage markers on the cell surface. The most critical step for obtaining high-quality, 541 
reproducible data is antibody titration. Of note, since the titration of antibodies should always 542 
be performed during the setup of a flow cytometric panel, this step does not add extra bench-543 
time to our two-fluorochrome approach. Titration of anti-CD3, -CD8, -CD14, -CD19 and -TCR γδ 544 
follows the standard procedure by which the concentration of antibody to optimally separate 545 
positive and negative peaks is derived by maximum staining index13,14. Dilutions at the peak or 546 
closer to the peak on the rising side of the stain index curve should be selected (Figure 1A-C). 547 
On the other hand, an ad hoc titration of anti-CD4 and anti-CD56 antibodies needs to be 548 
performed. The anti-CD4 antibody is titrated to place the peak of the CD4 positive population 549 
between CD3 single positive populations and CD3+/CD8+ T cells, closer to the CD3 single positive 550 
signal to better discriminate the CD8dim populations (CD8+ γδ T cells and NK T cells). Along the 551 
same line, CD56 titration aims to position NK CD56+ cells between the CD3+ and the 552 
CD3- population. The naturally lower expression of CD56 makes the titration of this antibodies 553 
easier with the concentration to use close to the value obtained in a saturation curve. Using 554 
high quantum yield fluorochromes is another critical factor for an optimal separation of 555 
multiple markers/populations on the same detector. We obtained successful results with APC, 556 
BV421 and PE, but other fluorochromes, such as the new generation of polymer dye, should 557 
give comparable results. To decrease the possibility of artifacts due to compensation, it is also 558 
important to choose a pair of fluorochromes with little, if any, spectral overlap, such as PE and 559 
APC, or PE and BV421. Choosing pairs of fluorochromes with virtually no compensation is 560 
important to reduce spread of data due to high spillover of a fluorochrome in the other 561 
fluorochrome detector. Spreading reduction facilitates gating immune subpopulations by 562 
minimizing signal distortion and allows to use this methodology, if limited to two 563 
fluorochromes, without need of compensation controls. 564 
 565 
The combination of markers that we proposed is highly customizable based on the investigator 566 
requirements. Indeed, some of the markers can be excluded from the analysis if they do not 567 
refer to a population of interest. For example, it is possible to remove the anti-CD19 antibody 568 
to exclude B cells, or the anti-CD4 antibody to focus only on the CD8+ T cells. Of note, anti-CD8 569 
antibody is important to identify CD8+ NK cells and γδ T cells, and therefore should not be 570 
removed from the panel. To improve the separation of rare cell populations, other 571 
fluorochromes/detectors can be used for some of the markers of the two-fluorochrome 572 



   

 
 

staining. As an example, CD56 can be moved to a different detector to detect NKT cells, which is 573 
not possible with the two-fluorochrome panel. While it is possible to reduce the number of 574 
markers from the panel, caution should be exerted in adding, changing or switching markers. 575 
 576 
Provided the necessary instrumentation, antibodies and skill set, the standard one-577 
fluorochrome-one marker approach is still the most accurate way to identify multiple immune 578 
populations and discriminate rare subpopulations, such as NKT or γδ T cells. However, the 579 
primary goal of this method is not to substitute for the classic approach, but rather to achieve a 580 
deep immunophenotyping when working with instruments with a low number of detectors, or 581 
samples with limited numbers of cells, while reducing complexity and cost in setting up the 582 
experimental system. We have done extensive screening of clinical samples from patients with 583 
multiple myeloma, systemic sclerosis, dermatomyositis and Lyme disease showing that this 584 
staining procedure can improve simultaneous interrogation of several populations with limited 585 
number of cells. Our results so far have shown that this procedure is insensitive to chronic 586 
immune activation or infectious disease, but preliminary testing should be conducted to assess 587 
the accuracy of this protocol in different disease states. 588 
 589 
Future directions to further strengthen the potential of this protocol include studies to 590 
characterize infiltrating lymphocytes in primary tissues from clinical samples. This is relevant for 591 
tumor and autoimmune disease immunology where this approach could provide invaluable 592 
information for the analysis of specimens with limited material. We are planning to test this 593 
panel on permeabilized cells to expand the potentiality to detect cytokine expression and 594 
signaling molecules on the same clinical samples. Finally, it should be noted that similar 595 
approaches, aimed at expanding the number of recordable markers, could also be developed 596 
using different sets of markers and can also be developed fordifferent animal models. 597 
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Target Clone Fluorochrome Vendor
Concentra

tion
Purpose

CD3 UCHT1 BV421 BD 1/20 Lineage

CD56 NCAM16.2 BV421 BD 1/900

TCRgd B1 BV421 Bio 1/30

CD4 RPA-T4 PE BD 1/450

CD8 RPA-T8 PE BD 1/20

CD14 M5E2 PE BD 1/15

CD19 HIB19 PE BD 1/300

Dead cells L/D Blue LT 1/300 Live/Dead discrimination

BD = BD Biosciences, Bio = BioLegend, LT = Life Technologies
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Target Clone Fluorochrome Vendor
Concentr

ation
Purpose

CD3 UCHT1 APC BD 1/20 Lineage

CD56 NCAM16.2 APC BD 1/60

TCRgd B1 APC Bio 1/30

CD4 RPA-T4 PE BD 1/450

CD8 RPA-T8 PE BD 1/20

CD14 M5E2 PE BD 1/15

CD19 HIB19 PE BD 1/300

Dead cells L/D Blue LT 1/300 Live/Dead discrimination

BD = BD Biosciences, Bio = BioLegend, LT = Life Technologies 
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Target Clone Fluorochrome Catalog Vendor
Concentra

tion
Purpose

CD3 UCHT1 BV421 562426 BD 1/20 Lineage

CD56 NCAM16.2 BV421 562751 BD 1/900

TCRgd B1 BV421 331217 Bio 1/30

CD4 RPA-T4 PE 555347 BD 1/450

CD8 RPA-T8 PE 555367 BD 1/20

CD14 M5E2 PE 555398 BD 1/15

CD19 HIB19 PE 555413 BD 1/300

CCR7 G043H7 AF647 353217 Bio 1/30 Differentiation

CD45RA HI100 APC-H7 560674 BD 1/60

CCR4 1G1 PE-Cy7 561034 BD 1/60 Th subsets

CCR6 G034-E3 BV605 353419 Bio 1/30

CXCR3 1C6/CXCR3 AF488 561730 BD 1/30

CD57 NK-1 PE-CF594 562488 BD 1/900 Activation/Exhaustion

HLA-DR G46-6 BV510 563083 BD 1/30

CD16 3G8 BUV395 563784 BD 1/30 NK, Monocyte activation

Dead cells L/D Blue L-23105 LT 1/300 Live/Dead discrimination

BD = BD Biosciences, Bio = BioLegend, LT = Life Technologies 
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NK, Monocyte activation

Live/Dead discrimination



Target Clone Fluorochrome Vendor
Concentr

ation
Purpose

CD3 UCHT1 BV421 BD 1/80 Lineage

CD56 NCAM16.2 BV421 BD 1/400

TCRgd B1 BV421 Bio 1/200

CD4 RPA-T4 PE BD 1/1200

CD8 RPA-T8 PE BD 1/100

CD14 M5E2 PE BD 1/80

CD19 HIB19 PE BD 1/300

Dead cells L/D Blue LT 1/300 Live/Dead discrimination

BD = BD Biosciences, Bio = BioLegend, LT = Life Technologies 
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Name of Material/ Equipment Company Catalog Number Comments/Description

CD3 BD Biosciences 562426 Antibody for staining

CD56 BD Biosciences 562751 Antibody for staining

TCRgd BD Biosciences 331217 Antibody for staining

CD4 BD Biosciences 555347 Antibody for staining

CD8 BD Biosciences 555367 Antibody for staining

CD14 BD Biosciences 555398 Antibody for staining

CD19 BD Biosciences 555413 Antibody for staining

CD3 BD Biosciences 555335 Antibody for staining

CD56 BD Biosciences 555518 Antibody for staining

TCRgd BD Biosciences 331211 Antibody for staining

CCR7 Biolegend 353217 Antibody for staining

CD45RA BD Biosciences 560674 Antibody for staining

CCR4 BD Biosciences 561034 Antibody for staining

CCR6 BD Biosciences 353419 Antibody for staining

CXCR3 BD Biosciences 561730 Antibody for staining

CD57 BD Biosciences 562488 Antibody for staining

HLA-DR BD Biosciences 563083 Antibody for staining

CD16 BD Biosciences 563784 Antibody for staining

Dead cells Life technologies L-23105 Live/dead discrimination
Falcon 5 ml round-bottom polystyrene test tube 

with cell strainer snap cap
BD Bioscience 352235 to filter cell suspension before passing 

though the flow cytometer

Falcon 5 ml round-bottom polystyrene test tube BD Bioscience 352001 to stain whole blood

Recovery Cell Culture Freezing Medium Thermo fisher 12648010 Freezing cells

96-well V-bottom plate Thermo fisher 249570 plate for staining

FACSAria IIu Cell Sorter BD Biosciences Flow cytometer

FCS Express 6 De Novo Software FACS analysis

Graphpad Prism GraphPad software Data analysis
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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
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or by JoVE or its affiliates or agents, individually or in
collaboration with the Author or any other parties,
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Author may or may not appear.

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

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 use, 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 

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 
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1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there 

are no spelling or grammar issues. 

We carefully proofread the manuscript to fix spelling and grammar issues. 

 

2. Please do not highlight notes for filming. 

We modified the highlighted text as requested. 

 

3. JoVE cannot publish manuscripts containing commercial language. This includes company 

names of 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. Examples of commercial language in 

your manuscript include ficoll, Eppendorf, etc. 

We removed all commercial names from the manuscript as requested. We understand 

that ficoll is a registered trademark owned by GE Healthcare companies, however 

ficoll is de facto the reagent used to isolate mononuclear cells from whole blood. As 

such, we would prefer to maintain ficoll nomenclature in the main text to avoid 

confusion and complex terminologies such as “a polysaccharide density gradient “. 

Moreover, reporting ficoll by the commercial terminology is an accepted practice also 

present in manuscripts published in JoVE. If the editor feels that the word ficoll should 

be replaced with a different terminology, we will modify the manuscript following the 

reviewer’s suggestions.    

 

4. Please use h, min, s for time units. 

We modified the manuscript as advised. 

 

5. Please define all abbreviations before use. 

We reviewed the manuscript to ensure that all the abbreviations have been correctly 

defined before use.  

 

6. Please revise the text in Protocol to avoid the use of any personal pronouns (e.g., "we", 

"you", "our" etc.). 

We modified the manuscript as advised. 
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7. Please remove the embedded Table from the manuscript. All tables should be uploaded 

separately to your Editorial Manager account in the form of an .xls or .xlsx file.  

We uploaded the tables 1 to 4 as .xlsx files.  

 

8. The highlighted protocol steps are over the 2.75 page limit (including spacing and 

headings). 

We changed the highlighted text to meet the 2.75 pages limit 

 

9. Step 3.2.2: Please write this step in imperative tense. 

We modified the manuscript as advised. 

 

10. 3.2.3: Please write this step in imperative tense.  

We modified the manuscript as advised. 
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