Expanding Mass Cytometry Discoveries and
Applications with Cadmium-Labeled Antibodies

= FLUIDIGM

Bringing new insights to life”

Michael Cohen', Huihui Yao!, Carlene Petes!, Leslie Fung', Daniel Majonis!, and Christina Loh'

Results

Introduction Materials and Methods

Mass cytometry, powered by CyTOF® technology, leads the field of high-parameter 1 iNnt 1 i - i Sample 1 Sample 2 Sample 3 Sample 4 Sample 5
ytometry, p yCy 9y gh-p Sample Preparation, Staining and Analysis Debarcoding the 35-Plex FCS File | samp | samp | samp | same | samp
cytometric analysis with 135 independent channels (75-209 Da) available for s O T R 2 I e
. . : . . . * All seven cadmium isotopes were conjugated to purified anti-CD45 antibodies A B < = 2 ; s <
signal detection. With the recent addition of seven cadmium (Cd) isotope tags (106, P JUg P uE)' . UE)' . 5‘ @ 5' 2 5' .
. : using the Maxpar MCP9 Antibody Labeling Kit (Figure 3A). B D B D D
110, 111, 112, 113, 114, 116 Da), there are now 56 commercially available tags for use d P y J (Fig ) 2 - # p & 7
. YT . . re . . . . éz”‘m' f;‘ e e F P S - A e W W T S "
in panel building and cell identification (Figure 1). We have previously established » Live-cell barcoding using cadmium-labeled anti-CD45 (Cd-CD45) antibodies ) I 142Nd_CD19 142Nd_CD19 142Nd_CD19 142Nd_CD19 142Nd_CD19
how Cd-labeled antibodies can be successfully integrated into existing high- was tested on frozen human PBMC from healthy donors (ePBMC® from -5 o o Sample 6 Sample 7 Sample 8 Sample 9 Sample 10
et ample ample s P 4 4 4
o 1 o . . . . I E: 29 ¥ .29% ¥» ) »” 245.09 ¥ A
parameter panels with ease'. Further, we have validated that Cd-labeled antibodies Cellular Technology Limited). HE o @ 34 2 & L} Ry 8 L} o
. . . . .. . | . :j: z e Cd111Di O O & O &)
are compatible with existing Maxpar® cell staining protocols and products?. : HE + oo 5' . 5' . 5_" L ‘%' : ) 5' &,3 baore
 Thawed PBMC was resuspended in complete Gibco™ Advanced RPMI-1640 Lo o J X 3 3 3 g
wcd Cd msn . . e . . HE " # # # # L
S & media (Thermo Fischer Scientific”) and stained with Cell-ID Intercalator 103Rh ) - i-E i N S e . ., o S
) N o . S T 142Nd_CD19 142Nd_CD19 142Nd_CD19 142Nd_CD19 142Nd_CD19
o (Fluidigm) for live-dead cell discrimination.
\
éj o . C ) i Figure 6. Functional population gating from debarcoded samples. CD3 vs. CD19 biaxial plots of viable
* Prior to aliquoting 2 x 10° cells into 35 individual sample tubes, PBMC was first sk Sample 10 {8 Sample 33 CD66b- PBMC. Gates show percent populations of T cells (CD3+CD19-), B cells (CD3-CD19+) and non-T/B
& - 1 a . - T . - . . . . .
b~ : : . ) . . 3 g ‘ : ’ 1 | : - E (CD3-CD19-) cell populations. We observed negligible differences in functional population gating for CD3+CD19-
. )/ stained with pan-cell markers as internal controls: 170Er-beta-2-microglobulin J——_ et Sl IR T cells and CD3-CD19+ B cells across all debarcoded samples, indicating that the 35 samples were effectively
"?‘{1 P 4 g . Y 3 . . . . .
pr 3 : . . . live-cell barcoded using Cd-CD45 antibodies. (Samples 1-10 shown as representative samples).
o HEFT (B2M) or 209Bi-CD47 for odd and even numbered samples, respectively. e g SRS SED B
89Y 110Pd 141Pr  150Nd 161Dy 191r 209Bi . : : : 5 meare - .- -
— i i . sl —_ 0 T * Cd-CDA45 antibody barcoding mixtures were created according to the barcode s e g e e A ‘o A S ae A A sl oo
mPd (6 | (1 Sm (4 W Thb (1 mEr(4 Lu (1 mBi (1 : : JR——— — : - . : . —
= Rh 21)) lP(r)(1) :Eum((z)) m Dy Ez%) = Trrn((1)) .Iru(2()) 0 key below and added to the corresponding sample tubes (Figure 3). s B g g g 1 . o o . M O l"‘ i s2 B s20
Figure 1. The advent of seven cadmium (Cd) isotopes has enabled mass cytometry to expand the o . . . Bs3 Bs21
multiparametric characterization of single cells to 56 parameters. This enables in-depth cellular analysis by * After barcode staining, all 35 samples were combined into 1tube and stained Figure 4. Premessa debarcoder results. A) We observed efficient separation between the positive and | B s4 [1s22
cytometry and allows for enhanced panel expansion and greater design flexibility. with the following counterstains according to the Maxpar Cell Surface Staining negative barcode channels as depicted in the histogram on the separation plot. We selected a minimum Es5 Bs23
barcode separation of 0.42 and the maximum Mahalanobis distance (MD) was left as the default value of B s6 Bl s24
. . : . . : i : . : with Fresh Fix Protocol (PN 400276); 162 Dy_CD66b, 154Sm-CD3, 142Nd-CD19. 30. B) These debarcoder settings resulted in an estimated barcode yield of 80%. Efficient visualization . s7
A partlcularly |mportant mtegratlon and appllcatlon of Cd-labeled antibodies into of the positive and negative barcode channel intensities for each event in the scatterplot was seen. Bl s8 :232
reviouslv defined panels is seen with cell barcodina (BC). Cell barcodina enables . o _ Samples 10 and 33 are shown as representative samples. C) Finally, the expected staining patterns on o~ —
P y P J ( ) J ‘ Samples were vaU|red on a Helios™ instrument running CyTOF biaxial plots were observed for each sample. Biaxial plot color scheme was set to heat map of MD values. % - E1s9 B s27
sample multiplexing for single-cell analysis in mass cytometry (Figure 2), leading to Software v7.0.5189 Samples 10 and 33 are shown as representative samples. 2 Es10 mgs2s
. : . : . S ' Msll  ms29
improved data consistency and workflow efficiencies®. The Cell-ID™ 20-Plex Pd c [Es12 gms30
Barcoding Kit (Cat. No. 201060) utilizes six stable palladium (Pd) isotopes for * The normalized FCS file was debarcoded using the open source software Esii Bl s31
. . L : 4 o § > Bs32
barcoding up to 20 samples in a 6-choose-3 format. Importantly, a cell fixation and package Premessa (github.com/Parker|Cl/premessa)”. Debarcoded Sample Ana|y5|s BWsl5 ggos3
oy . . . . . 16
permeabilization step is required for this barcoding approach, and therefore . . . _ B Bl s34
| o | o Debarcoded FCS files were analyzed using Cytobank (Cytobank.org). A C 33533333 ss Wsl7 ggo3s
barCOdIng after Stalnlng Surface markers IS recommended to preserve ﬂxat|0n' 170Er-B2M 209Bi-CD47 106Cd 110Cd 111cd 112¢d 113Cd 114cd 116Cd § E E g E E g g 8 -518
. . . T . . . T : | | | | | |
and/or permeabilization-sensitive marker expression (Figure 2B). * For additional information, contact your local Fluidigm field application specialist. L l k h L _ tSNE1
JAY J\ z: 106Cd_CD45 (v) z: 110Cd_CD45 (v) z: 111Cd_CD45 (v)
. . . . . . . B N 5394 i 506.4 K 5459
Live-cell barcoding is an attractive solution that allows for barcoding prior to A ‘ j k l l L - 1 :::',.’; o ] &3 i, o :::".’; .
.. ) ) ) .. ) ) . ) . K > S L | e ' K AT
marker staining while still maintaining optimal detection of these fixative-sensitive | | 2 1 0T |7 2 Spael | e = 1 eTlaRe® | [
» , » , \ et |- 210N e 01 %eRNNs . 7 Velelt ..
epitopes. Utilizing the Cd isotypes in a 7-choose-3 format would allow for Fluidigm Cat. No. Antibody (clone) Isotope Fluidigm Cat. No. Antibody (clone) Isotope J L J\ . i ;" g} p ;'.' i} 1 ;'. a ’
o . | Ut interfor e lanthanic : 31060018 CD45 (HI30)  106Cd 31700168 B2-microglobulin (2M2)  170Er 1 l k k L l | w (SNE1 (SNEL (SNEL
I N m Wi Interrering wi N NI m - . . L J \ _ _ A : 112Cd_CD45 : : .
arco g up 1o samples ou errering e i1a ad € Mass-1lag 31100018 CD45 (HI30) 110Cd 32090048 CD47 (CC2C6) 509B:i _ : _z ; (v) z: 113Cd_CD45 (v) s _z 114Cd_CD45 (v) . zZ: 116Cd;CD45 (v) .
range (139-176 Da) for panel design. In this work, we have demonstrated that 31110018 CD45 (HI30)  111Cd 31540038 CD3 (UCHTY) 154Sm k A ‘ l L - ~ .o‘:S:fl, Sl o‘::,'o% i 3:'?9‘, - ‘,
o | o 1 L | N 9e allsey Y B es U] @aQ U oee”y,
. . . . % cCeD C ¥ 33.88 { ) 38.47 QL0 ® | [3506
Cd-labeled antibodies may be used to support live-cell barcoding of human 31120018 CD45 (HI30) _ 112Cd 31420018 CD19 (HIB19)  142Nd 1 | l - 2 vgntee |, 2S5%e0y (I 3 vghzedy LT 7] esees (I
. . L . 31130018 CD45 (HI30)  113Cd 31620238 CD66b (80H3) 162Dy -' . o o 1 Tés% 1 Cae® 1 Taes | Tage®
pel’lphel’a| blOOd mononUC|ear Ce”S (PBMC) W|th anthOdIeS tal’getlng the et UL L L L . L | N I R R ) | 0
3114001B CD45 (HI30) 114Cd k L k ' SNEL tSNE1 tSNE1 tSNE1
an-leukocyte protein CD45. - -
P yiep 31160018 CD45 (HI30) 116Cd A 1 L k L mss Figure 7. Visualization of debarcoded samples via high-dimensional viSNE analysis. As a means of
- h L4 visualizing all 35 debarcoded samples on a single plot, we used the viSNE dimensionality reduction tool.
B k h ‘ mss 100,000 events from the viable CD66b— PBMC population were proportionately sampled from all debarcoded
A B 106/110/111/112/113(114116] 0102 03 04 05 06 07 08 09 10 T CD66h | L N files as well as the mixed, unbarcoded FCS file. All seven Cd-CD45 channels were used for the ViSNE analysis.
sotope code :: Pre-stain barcoding ;- - MMMMMMmMmMmMMm M i cD19 i ‘ 1 - A) Color scheme showing overlay of all 35 debarcoded samples. We observed a compelling clustering of the
- ' E Barcode  Barcoded  Stan Acquire = [q i [q [] & i } 7 H il /i D3 i L \ L k /1 Al debarcoded samples into 35 unique islands across the viSNE map. B) Color scheme showing signal intensity
%Ei e " = LR i . ﬁ I e PR = “imeom T “awecon” | Ciecicos”  lodeos”  cicos”  zdcos”  ideds”  kcacos”  iscrcos” heat map of all seven Cd-CD45 channels of the mixed-unbarcoded sample. Note the expected Cd-CD45
G — - j - U ﬁ%ﬁ - - 111213 1415161718 19 20 B signal is expressed in each particular island. For example, Sample 13 in lower-left corner of the viSNE map is
: . i T A | A I A 1 ..] 1 L:J L — oositive for 110Cd, 111Cd and 116Cd.
: , X . Post-stain barcoding g 0¥ ] ! ' Sample | 106Cd 110Cd 111Cd 112Cd 113Cd 14Cd 116Cd
Barcode Stain Acquire Decode ;?dzi\gflual ﬁta%} (E;a%l}de Bafc&ded Acq;llirle 10p L ?_1 22. Z_I‘J' 24 25 25 2_? 2'?‘.' 219 3':.’ 35-Plex SS; 18: 11(()); 11037 1271 :;3 E 2; o
by staining each combined samples  data from single with Debarcoder - s - Sampie iy = J O b W IL _‘ L ,_‘ L ' C I
sample with a unique with validated tube of combined software to create WWQ_} WW — WWW — ﬁ — . E N r [:_ L | ] | l'_, | 35-p|ex S3 101 97 12 13 1 17 7.2 o n C u s I o n s
3-digit isotope code.  antibody panel. samples on Helios™. individual FCS AL
O : 52533 ; I SR R .
original sample. Wi T = —— " 100 S5 ' ' * The advent of seven cadmium (Cd) isotopes has enabled mass cytometry to
C 16 BoB0B S6 91 7.9 94 17 12 106 7.4
CV% of population frequency (% of leukocytes) CV% of median marker expression (per population) 1 57 ‘;’: 8;4 17023 E ;21 11172 170;’ expand the multiparametric characterization of single cells to 56 parameters.
1 || S8 : .
CD4 (CD4 T cells) CD19 (B cells) | 3 poror CD4 T cells B cells o ponorA 20 $9 Je 73 7.5 15 2 22 Joe . * The possibilities afforded by Cd-labeled antibodies can be seen in their ability to
8- 8- © Donor o 3 . 8- o Donor 2 $10 91 7.3 7.4 11 1 105 90 ] -
61 ¢ 61 o ¢ DonorD , ef © ® Donor D ) expand existing panels and support new applications, such as live-cell barcoding
% . " 4- -:—r . . —— . . 4] = . . Figure 5. Debarcoded sample analysis. A) Histograms showing median signal intensity from all seven . : . . i : . . S
,® o oo Ve o9 11 ®% Lo o L °" ee - e tom 2 CYTOF Cd-CD45, 170Er-B2M and 209Bi-CD47 antibodies on viable CD66b- PBMC (Samples 1-10 shown as described in this work. Notably, this allows for pre-stain barcoding for fixation
o7 o * ¢ o e o® 52 (PN 107002) representative samples). All debarcoded samples showed positive signal for the expected Cd-CD45 sensitive targets
0 oBC Pre  Post 0 NoBC Pre  Post NoBC Pre  Post U NoBC Pre  Post channels and had minimal spillover in the negative cadmium channels. Furthermore, 1770Er-B2M and
Barcoding Barcoding Barcoding Barcoding Figure 3. Experimental design for 35-plex live-cell barcoding using Cd-CD45 antibodies. A) List of 209Bi-CD47 internal staining controls were observed as expected. B) Signal intensity analysis across the « PBMC samples barcoded with all permutations of 7-choose-3 Cd-CD45
. . . . . - antibodies that were used in this live-cell barcoding experiment. B) Barcode key selected for each sample. seven cadmium channels (Samples 1-10 shown as representative samples). Green shading indicates raw . . . .
Flgtjure f Tbhe be?ﬁ.ﬁts of celll barlctqc:mg. Cfell bgrcclndlng”Ievelrages;;wgthlgdh—pjrami’]fler c?pabn:;ugs of r;ass Gray boxes indicate the Cd-CD45 antibodies used for staining each sample. Prior to aliquoting into individual values from the 5th percentile for the Cd-CD45 markers used in the barcoded sample. No shading indicates antibodies (35-plex) can be successfully mixed together and debarcoded using
cytometry by €nabling sampie mulliplexing for single-cell analysis. andard worktow tor cell barcoding. - - - - lues from the 95th percentile of unused Cd channels. A clear separation between the positive and .
. . . . : : sample tubes, PBMC was stained with pan-cell markers, either 1770Er-B2M (yellow shaded tubes) or 209Bi- raw values from P - P P
.B) Exatm?fs of jO—pIex btarcgdlng gwethoc.is.,t}Ilustrajunbgl.’ihs ifﬂuelnEy OI pre—stam barcgdm%..C) Exafmple of Lhe CDA47 (blue shaded tubes) as internal staining controls. After barcode staining, all 35 samples were combined negative values was observed and no overlap was seen for any given sample, indicating that the amount of available open source software such as Premessa.
impact of barcoding on staining and acquisition variability3. Population frequencies and median surface marker , , , , , N il detected did not negatively impact the outcome of Cd-CD45 debarcoding. C) Heat map of all 35 : : : : : :
. : o . . . into a single tube (green shaded tube) and stained with the following metal-tagged antibodies: 162Dy-CD66b, spillover aetec g y imp u g. P e Combined barcoded sambles can be effectivelv stained in a sinale tube with
expression for four. PBMC Flonors are shown. Each point represents the CV% of five t?chmcal repillcates per | 154Sm-CD3. 142Nd-CD19. debarcoded samples showing median signal intensities from all seven Cd-CD45, 170Er-B2M and 209Bi-CD47 P y 9
donc_ar, and the horizontal line repr.esents_the grand mean of CV per protocol. No BC = no barcoding protocol; antibodies on viable CD66b- PBMC. We observed the expected signal from Cd-CD45 compared to the equal functional gating outcomes across all debarcoded samples.
Pre = pre-stain barcoding protocol; Post = post-stain barcoding protocol. While both pre- and post-stain barcode key in Figure 3 as well as the checkerboard signal for B2M and CD47 expression on odd and even , . o ,
barcoding methods enhance the efficiency of antibody staining and sample acquisition, the pre-stain samples that were used as internal staining controls. * Overall, we have demonstrated that using Cd-CD45 antibodies is an appealing
barcoding protocol conserves reagent use and yields greater staining and acquisition consistency. _ . . _ _ . .
choice for live-cell barcoding applications on PBMC and provides an alternative
T : : : :
Fluidigm Canada Inc., Markham, Ontario, Canada workflow to Pd barcoding for multiplexing mass cytometry samples.

References
1. Application Note: Seven Cadmium Labeling Kits Increase Flexibility in Panel Design (FLDM-00043)

Fluidigm Corporation
2 Tower Place, Suite 2000, South San Francisco, CA 94080 USA

For Research Use Only. Not for use in diagnostic procedures.

© Fluidigm Corporation. All rights reserved. Fluidigm, the Fluidigm logo, Bringing new insights to life, Cell-ID, CyTOF, Helios, and Maxpar are trademarks and/or

2. Technical Note: Compatibility of Cadmium-Labeled Antibodies with Existing Protocols (FLDM-00086)
11650 266 6000 - Toll-free in the US and Canada: 866 359 4354 registered trademarks of Fluidigm Corporation in the United States and/or other countries. All other trademarks are the sole property of their respective owners. i. ﬁpplicatiorg)Ngte: Tze Bentehfitz c;f Pa!adiu;n Bjrcosigg ?nlDit)a”ozélitysnd \glorkﬂo:v (FLE>|:\At;0001cj2) .
08/2020 remessa bebarcoaer metno ased on Zunder, E.K. et al. alladium-pased mass tag ce arcoding wi

a doublet-filtering scheme and single-cell deconvolution algorithm.” Nature Protocols 10 (2015): 316-33

fluidigm.com



