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Fluidigm 
Cat. No. Antibody (clone) Isotope

3089005B CD45 (HI30) 89Y

3010600B CD45 (HI30) 106Cd

3011000B CD45 (HI30) 110Cd

3011100B CD45 (HI30) 111Cd

3142001B CD19 (HIB19) 142Nd

3162023B CD66b (80H3) 162Dy

3195001B CD45 (HI30) 195Pt

3196001B CD45 (HI30) 196Pt

3198001B CD45 (HI30) 198Pt

3209004B CD47 (CC2C6) 209Bi

Fluidigm 
Cat. No. Antibody (clone) Isotope

201325
Maxpar Direct Immune Profiling 

Assayϟ30 marker panel

3194001B CD45 (HI30) 194Pt

3195001B CD45 (HI30) 195Pt

3196001B CD45 (HI30) 196Pt

3198001B CD45 (HI30) 198Pt

Mass cytometry, driven by CyTOF® technology, uses antibodies labeled with isotopically 

enriched metal tags, enabling high-resolution identification of discrete immune cell phenotypes 

and their subpopulations. The advent of the antibody labeling methods for 7 cadmium (Cd) and 

4 platinum (Pt) isotopes has enabled mass cytometry to expand the multiparametric 

characterization of single cells to 57 parameters. The new possibilities afforded by these 

additional metal-tagged antibodies can be seen in their ability to both increase existing panel 

size and support new applications for innovative research discoveries. 

We have previously demonstrated that cadmium-labeled antibodies can effectively be used for 

live-cell barcoding (LCB) of human peripheral blood mononuclear cells (PBMC) with antibodies 

targeting the pan-leukocyte protein CD45. As LCB does not require prior fixation of cells, a 

major advantage of this approach is that it preserves the ability to stain fix-sensitive epitopes. 

In this study, we have expanded upon the LCB approach by staining PBMC with a combination 

of mixed-metal isotopes including Cd, Pt, and yttrium (Y) in a 7-choose-3, 35-plex format. 

Utilizing Cd, Pt, and Y isotopes for barcode tags keeps the remaining mass channels open and 

allows for compatibility with existing antibody panels. 

Furthermore, we show the use of LCB in human whole blood samples by adding unique 

combinations of Pt-labeled anti-CD45 antibodies to samples during antibody staining with the 
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Overall, this study demonstrates added customizability and compatibility with existing 

workflows for live-cell barcoding, a powerful technique for improving data quality 

and increasing mass cytometry throughput.

Cell barcoding maximizes the performance of CyTOF® mass cytometry by enabling sample 

multiplexing for high-parameter single-cell analysis[1-2] (Figure 1). Barcoded samples can be 

stained together in a single tube, eliminating staining variability between samples and 

reducing antibody and reagent use. Acquisition time is faster, requiring only a single run of 

the multiplexed sample. With cell barcoding, you can achieve higher sample throughput for 

scaled-up experiments and improved data consistency for large studies

The Maxpar Direct Immune Profiling Assay (Cat. No. 201325) is a ready-to-use dry-format 30-

antibody staining panel optimized for immune profiling of human whole blood and PBMC by 
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Profiling System enables users to automatically resolve this core 30-marker panel into 37 

immune cell populations[3].

Introduction

A

Deep Immunophenotyping using the Maxpar 
Direct Immune Profiling Assay

Figure 1. Standard workflow for cell barcoding

Sample multiplexing by cell barcoding for CyTOF

Figure 2. Maxpar Direct Immune Profiling Assay. A) All 30 antibodies are provided dry in a single tube for easy sample addition. 

Cell-XRЂ Xz¡o~mjwj¡{~-103Rh is included in each tube to measure cell viability. B) The streamlined workflow for the Maxpar Direct 

Immune Profiling System.
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Donor 1 Donor 2

Population Stim Unstim No BC Diff (%) Stim Unstim

Lymphocytes 53.96 34.39 33.04 1.35 79.64 42.01

CD3 T cells 38.33 23.96 22.63 1.33 61.62 31.81

CD8 T cells 11.42 6.54 5.87 0.67 27.99 12.50

CD8 Naïve 1.40 0.52 0.53 0.01 10.71 3.39

CD8 CM 1.16 0.17 0.18 0.01 1.69 0.21

CD8 EM 2.36 1.62 1.49 0.13 5.56 3.99

CD8 TE 6.50 4.24 3.68 0.56 10.03 4.91

CD4 T cells 18.12 11.67 11.50 0.17 27.94 16.78

CD4 Naïve 7.01 4.00 4.27 0.27 13.54 7.72

CD4 CM 2.94 2.11 2.01 0.10 5.38 3.57

CD4 EM 5.40 3.51 3.32 0.19 6.49 3.65

CD4 TE 2.77 2.04 1.90 0.14 2.53 1.84

GD T 7.46 5.34 4.87 0.46 3.09 1.77

MAIT/NKT 1.34 0.41 0.39 0.03 2.60 0.77

B Cells 5.65 4.33 4.98 0.65 11.91 7.00

Naïve B 5.45 4.14 4.78 0.64 10.75 6.10

Mem B 0.18 0.19 0.20 0.01 1.08 0.83

PB 0.01 0.01 0.01 0.00 0.08 0.07

NK Cells 9.98 6.10 5.43 0.67 6.10 3.20

Early NK 3.13 1.95 1.71 0.24 2.73 1.37

Late NK 6.85 4.15 3.72 0.43 3.37 1.83

Mono 7.65 3.95 3.77 0.18 6.50 5.62

Class Mono 7.01 3.55 3.41 0.14 5.55 4.90

Int Mono 0.56 0.31 0.29 0.02 0.43 0.37

NC Mono 0.08 0.09 0.06 0.02 0.52 0.35

pDC 0.14 0.11 0.09 0.02 0.12 0.16

mDC 0.35 0.24 0.19 0.04 0.33 0.21

Gran 24.32 53.34 51.58 1.76 0.74 43.99

Neut 23.44 48.32 45.88 2.44 0.58 41.83

Baso 0.56 0.84 0.96 0.11 0.00 0.24

Eos 0.01 3.40 4.45 1.06 0.01 1.45

Treg 0.26 0.24 0.23 0.01 0.12 0.10

Th1-like 1.08 1.37 1.29 0.08 0.65 1.22

Th2-like 1.96 0.79 0.80 0.02 1.38 0.49

Th17-like 1.63 0.63 0.57 0.07 2.28 0.60

Effective debarcoding of the highly multiplexed FCS file

Results: Mixed-metal 35-plex in PBMC

Debarcoded sample analysis reveals consistent data quality 

Figure 6. All plots display data from the viable, singlet, CD66bϜPBMC population. 

A) Histograms depict median signal intensity for all 7 CD45 antibody channels 

(106Cd, 110Cd, 111Cd, 195Pt, 196Pt, 198Pt, and 89Y). Barcodes (BC) 1Ϝ5 and 31Ϝ35 

are shown as representative samples. While some signal overlap was detected 

(black histograms), a clear separation between the positive and negative channels 

was observed for all samples.

B) Heat map of the 35 debarcoded samples show the median signal intensities 

from all 7 barcode channels used. Expected positive channels align with the 

barcode scheme used (Figure 3B). Checkerboard signal from 209Bi-CD47 

antibodies is shown in the far-right column. Even-numbered barcode samples 

showed CD47+ event frequency to be no larger than 0.19% indicating no inter-

sample contamination occurred. 

C) 193Ir (DNA2) vs. 142Nd-CD19 biaxial plots revealed minimal differences in 

population frequency across debarcoded samples. Gate labels display percent 

of CD19+ cells. Barcodes 1Ϝ5 are shown as representative samples.

D) viSNE[5] dimensionality reduction analysis. 100,000 events from the viable, 

singlet, CD66bϜPBMC population were proportionately sampled from all 35 

debarcoded files as well as the barcoded FCS file. Top panel shows overlaid viSNE 

plots of all debarcoded samples. Legend illustrates the colors displayed for each 

sample island. Bottom panel shows heat map viSNE plots of the barcoded sample 

depicting signal intensity from each anti-CD45 antibody used for barcoding as well 

as the 209Bi-CD47 in red. 

Figure 5. Single-cell debarcoder results for 35 -Plex. Sample deconvolution based on the separation parameters selected in the software options. A minimum 

barcode separation cutoff of 0.3 was chosen based on the generated curves. Additionally, the maximum Mahalanobis distance (MD) default value was used as 

no major outliers were observed. For additional information on these debarcoding parameters, refer to the Cell-ID 20-Plex Pd Barcoding Kit User Guide (PRD023) 

and https://github.com/zunderlab/single-cell-debarcoder/wiki/Debarcoding -FCS-Files. A) Green histograms and barcode separation curves are displayed for all 

barcodes (left panel). Barcode event counts illustrate sample yields, and event dot plots depict barcode channel intensities (right panel). Barcode 12 is shown as a 

representative sample depicting a clear visualization of the positive ( 106Cd, 196Pt, 89Y) and negative barcode channel intensities for each event. A barcode yield of 

80% was observed. B) Biaxial plots from Sample 12 depicting expected staining patterns. 
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Conclusions
�‡ Live-cell barcoding labels leukocytes with anti-CD45 antibodies, increasing multiplexing power to 

35 samples or more.

�‡ The added flexibility in tag selection for a combination of Cd, Pt, and Y isotopes empowers mass cytometry 

users to pursue live-cell barcoding studies with extensive customization of antibody panels.

�‡ Live-cell barcoding can be expanded to other applications including whole blood from healthy donors 

stained with high-dimensional antibody panels such as the Maxpar Direct Immune Profiling Assay.

Efficient debarcoding of the multi - donor stimulation FCS file

Results: Live-cell barcoding in human whole blood with the 
Maxpar Direct Immune Profiling Assay

Automated analysis by Maxpar Pathsetter illustrates immune 
profiles of each barcoded sample

BC3: Donor 2 - Unstim BC4: Donor 2 - Stim

Figure 7. Single-cell debarcoder results for whole blood stimulation stained with 

Maxpar Direct Immune Profiling Assay. Sample deconvolution based on the separation 

parameters selected in the software options. A minimum barcode separation cutoff of 0.3 

was chosen based on the generated curves. Additionally, the MD value was set to 20 to 

remove any outliers. A) Green histograms and barcode separation curves are displayed for all barcodes (left panel). Barcode event counts illustrate sample yields, and 

event dot plots depict barcode channel intensities (right panel). Barcode (BC) 1 is shown as a representative sample. An overall barcode yield of 77% was observed.

A reduced debarcoding efficiency was noted in stimulated whole blood samples (BC2 and BC4) due to stimulation-induced down-regulation of CD45 expression on 

CD66b+ cells. B) Histograms and heat map depict median signal intensity for all 4 Pt-CD45 channels from each debarcoded file. Data shown is from the viable, 

single-cell population. The expected positive channels align with the barcode scheme used (Figure 4B). Furthermore, a clear separation between the positive 

(yellow histograms) and negative (black histograms) signals was observed.
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Figure 8. Debarcoded files, as well as a non barcoded control (Donor 1 - Unstim), were

uploaded into Maxpar Pathsetter software for automated analysis. A) Population frequencies (%)

identified for each barcoded sample (BC). Green shading highlights the negligible differences 

observed between barcode sample 1 and the non-barcoded control indicating that LCB did not affect cell frequencies. B) Representative cell type-specific reports 

automatically generated by Pathsetter software with overlay plots depicting intensity within population subsets. CD8+ T cellsfrom unstimulated and PMA/Ionomycin-

stimulated samples from Donor 1 are shown as representative plots. C) Cen- oФЂ mw¢ ¡o~tzr {p moww |{|¢wj¡t{z α dz ¡ty¢wj¡on jzn _\OЇX{z{y¦mtz-stimulated samples from 

Donor 2 are shown as representative samples, illustrating changes in population clusters after stimulation. 

BC1: Donor 1 - Unstim BC2: Donor 1 - Stim
B

Materials and methods 

Mixed - metal 35 - plex live - cell barcoding

Live - cell barcoding with the Maxpar Direct 
Immune Profiling Assay

Figure 3. Experimental design for mixed -

metal 35 -plex. A) List of antibodies used in 

this experiment. B) Barcode scheme using 

metal-tagged anti-CD45 antibodies. 

Highlighted boxes indicate the anti-CD45 

antibodies used for each sample. 

C) Barcoding and staining experimental 

workflow.

�‡ Three representative Cd and Pt isotopes were selected (106Cd, 110Cd, 111Cd, 195Pt, 196Pt, 198Pt) along with 89Y 

(Figure 3A).

�‡ Each of the 35 barcodes contained a unique combination of 3 of the 7 metal-tagged anti-CD45 antibodies 

(7-choose-3).

�‡ The 35 unique CD45 antibody-based barcodes were prepared according to the barcoding scheme below 

(Figure 3B). 

�‡ A multi-step staining procedure was carried out (Figure 3C). After live/dead staining with Cell ID Intercalator-

Rh, half of the PBMC sample was stained with 209Bi-CD47, a marker found on all leukocytes. This step was 

carried out as a control to assess any inter-sample contamination that may occur due to sample pooling and 

subsequent multiplexing. 

�‡ Next, cells were aliquoted into the 35 individual sample tubes containing the metal-labeled anti-CD45 

antibody barcode mixtures. 

�‡ After anti-CD45 antibody barcode staining, all 35 samples, containing approximately 2.5 x 106 cells each, 

were combined into a single tube and stained with the antibodies 162Dy-CD66b and 142Nd-CD19. 

�‡ All antibodies were stained according to the Maxpar Cell Surface Staining with Fresh Fix Protocol 

(PN 400276).
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�‡ Debarcoding was carried out using the Zunder Lab single-cell debarcoder[3] and files were analyzed using 

Cytobank. (Cytobank.org).

�‡ Whole blood from 2 healthy donors (Canadian Blood Services) were stimulated with PMA/Ionomycin 

for 2 hours prior to antibody staining (Figure 4B).

�‡ Antibodies were stained according to the Maxpar Direct Immune Profiling Assay Cell Staining and 

Data Acquisition User Guide (PN 400286) and unique combinations of 3 Pt-CD45 antibodies were 

added to the samples during antibody staining. Samples were combined into a single tube after a red 

blood cell lysis step. A non-barcoded control (No BC) from the unstimulated Donor 1 sample was 

included and stained only with the Maxpar Direct Assay panel.

�‡ The multiplexed sample and No BC control were  acquired on a Helios instrument running CyTOF 

Software v7.0.5189. Debarcoding was carried out using the Zunder Lab single-cell debarcoder[4] and 

files were analyzed using Maxpar Pathsetter software v2.0.45.

A B C

Figure 4. Experimental design for live -cell 

barcoding with whole blood. A) List of 

antibodies used in this experiment. B) Cell 

stimulation, barcoding, and staining 

experimental workflow.

A B

Stain with Maxpar Direct 
Immune Profiling Assay per 

standard protocol with 
Pt-CD45 barcodes up to 

the red blood cell lysis step.

PMA/ionomycin 
stimulation 

37 ° C for 2 hours

Rest 37 ° C for 
1 hour
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