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Mass	cytometry	



Fluorophores	 Elemental	Tagging	

Fluorometer,	
Photodetector	

Induc5vely	Coupled	Plasma	
Mass	Spectrometry		

(ICP-MS)	

Two	Different	Approaches	to		
Simultaneous	DetecKon	
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8	Alexa	Fluorophores	

Two	Different	Approaches	to		
Simultaneous	DetecKon	

Elemental	Tagging	

LSR	II	 CyTOF	

Usually	Lanthanides	



Single	Cell	Analysis	-	CyTOFTM	Instrument	

Flow	

Figure	courtesy	O.	Ornatsky	

Flow	Interface	to	ICP-MS	
	
-	Nebulizer	–	vaporizes	
	
- 	Argon	Plasma	–	atomizes	

and	ionizes	
	

- 	Mass	analyzer	

Figure	courtesy	O.	Ornatsky	



Monocyte?	

B	cell?	

CD8+	T	cell?	

-”Push”	analogous	to	Kme:		76,800	pushes/second:		220	displayed	here	(1/350	of	data)	

Display	of	Cell	Events	during	Measurement	



-  Advantages:	
-  Minimal	"spectral"	overlap	–	higher	dimensionality				
(~50	out	of	135	channels	currently	used)	

-  QuanKtaKve	–	broad	dynamic	range	

-  Not	light-	or	Kme-sensiKve	

-  Minimal	background		
				no	analogy	to	autofluorescence:		low	if	any	biological																															
aabackground	for	lanthanides	

Pros	of	mass	cytometry	



-		Disadvantages:	
-  DestrucKve:		(currently)	no	way	to	recover	interesKng	cells	
-  Slower	data	acquisiKon:		limit	of	~1000	cells/sec;	pracKcal	
limit	for	best	resoluKon	ojen	in	~400	cells/sec	range	

-  Cell	transmission	efficiency:		only	~20-30%	of	cells	that	enter	
	instrument	get	counted	

-  Ion	transmission	efficiency:		only	~4-5	in	10,000	ions	that	
enter	machine	get	counted.	

-  No	“Live	gaKng”;	therefore,	events	registered	by	CyTOF	
contains	debris,	doublets,	et	c;	might	only	get	~50%	of	total	
events	as	“live	single	cells”	

-  No	analogy	to	FSC	or	SSC:		MUST	have	marker	(Mn+)	for	any	
	gaKng	

Cons	of	mass	cytometry	



Panel	design,	establishment,	
validaKon;	ImplementaKon	of	
barcoding	and	other	accessory	
tools	

Data	acquisiKon	

Data	analysis	

40%	 45%	

15%	

Three	phases	of	mass	cytometry	projects	



FACS	vs.	CyTOF	

Bendall	et	al.,	Trends	Immunology		2012	

All	samples	fixed	and	
permeabilized	and	
washed	in	MilliQ	
water	

Live	cell	measurement	
possible	



Algorithmic	data	analysis	tools	are	very	helpful		
but	require	a	high	degree	of	data	consistency	

Algorithms	for	flow	cytometry	(Aghaeepour	Nat.	Methods	2013)	
	
Dimensionality	reduc5on	
•  	 Principal	component	analysis	(PCA)	
•  	 t-SNE	(stochasKc	neighbor	embedding)	à	viSNE	&	Accense	(Amir	Nat	Biotech.	2013,	

	Shekhar	et	al.,	PNAS	2014)	
	
Clustering	
•  	 SPADE	(Qiu	et	al.,	Nat.	Biotech.	2011,	Bendall	et	al.,	Science	2011)	
•  	 Citrus	(enables	group	comparisons,	staKsKcal	equipment	(Bruggner	et	la.,	PNAS	

2014)	
•  	 ImmunoCLust 		(Soerensen	et	al.,	Cytometry	A	2015)	
•  	 Swij	(Mosmann	et	al.,	Cytometry	2014)	
•  	 developmental	/	Kme	dimension:	Wanderlust	(Bendall	Cell	2014),	Zunder	et	al.,	

	Cell	Stem	Cell	2015)	
		

Cytobank.org		(Kotecha	et	al.)	
	
	
	

Overviews:	Chester	&	Maecker,	JI	2015;	Diggins	et	al.,	Methods	2015	



Technical	noise	

Sample	Quality	
Cell	viability	

•  Debris	&	contaminaKons	
by	e.g.	RBC	

•  Shipping,	Storage,	
Handling	

(Kme,	temp.	stability,	cell	
preparaKon)	

Experimental		
•  pipperng	/	liquid	

handling	
•  Reagent	lots	

CyTOF/-related	
•  Detector	drij	

•  Day-to-day	instrument	
variaKon	

•  AnKbody	conjugate	
stability	

•  Issues	in	panel	design	

Sources	of	unwanted	variability	in	data	



	
The	first	law	of	(flow)	cytometry	applies:	
	
	
	
	
	
	
	

Garbage	in	–	Garbage	out!	



maleimide-DOTA	 cispla5n	

Live-Dead	staining	reagents	

Fienberg	et	al.,		Cytometry	A,		2012	



Metal	Staining	of	Cells	-	DNA	Intercalator	

Schaferet	al	J.Organomet.Chem.,	2007,	692,	1300−1309		
Ornatsky	et	al,	Anal.	Chem.,	2008,	80,	2539–2547		

-  Labels	any	cell	containing	
DNA	regardless	of	
whether	any	labelled	
anKbodies	bind	

-  No	nucleus?	
à	Specific	anKbody,	
dead	cell	reagent	post-
fix	

Including	cells	

Excluding	unwanted	cells	/	events		
	use	a	DUMP	channel	
	carefully	opKmize	reagent	concentraKons	



Sample	consistency		
-	Cryopreserva5on	of	na5ve	or	in	vitro	s5mulated	whole	blood	-	

SmartTube	Inc.,	no	COI	 Mei	et	al.,	manuscript	in	preparaNon	



1	month	cocktail	storage,	
PBMC	aPer	DNA	&	cell	length	gaNng	

Liq	N2	-80ºC	-20ºC	4ºC	RT	37ºC	

CD33-Er166	

HL
A-
DR

-L
u1

75
	

More	parameters	à	higher	chance	of	error	in	cocktail	preparaKon	
	
For	repeat	assays,	e.g.	longitudinal	studies	
	
	
	
	
	
	
	
	
	
	
Candidate	procedures	
-  Freezing	cocktails	
-  Lyosphere	(Biolyph	LLC)	
-  Dry-down	(Beckman	Coulter)	
-  In-house	lyophilisaKon	

An5body	cocktail	consistency		

LyophilizedLiquid

Live intact singlets
021811-PBMCs-DN3-duplex-liq_cells_found.txt
Event Count: 29808

Live intact singlets
021811-PBMCs-DN3-duplex-lyo_cells_found.txt
Event Count: 30491
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Harmonizing	sample	prepara5on	and	acquisi5on	by		
sample	barcoding	and	pooling	

Barcoding	scheme	described	in	more	details	in	Zunder	et	al.,	Nat.	Protoc.	2015	

Composite)
sample)

Sample'1' Sample'2' Sample'4'Sample'3'

CD45/'
Pd104'

CD45/'
Pd106'

CD45/'
Pd110'

CD45/'
Pd108'

CD45/'
In115'

CD45/'
In113'

Samples''
5/20'

Sample'1:'Pd104'AND'Pd106'AND'Pd108'AND'NOT'Pd110'AND'NOT'In113'AND'NOT'In115'
Sample'2:'NOT'Pd104'AND'NOT'Pd106'AND'NOT'Pd108'AND'Pd110'AND'In113'AND'In115'
Sample'3:'Pd104'AND'NOT'Pd106'AND'Pd108'AND'NOT'Pd110'AND'In113'AND'NOT'In115'
Sample'4:'NOT'Pd104'AND'Pd106'AND'NOT'Pd108'AND'Pd110'AND'NOT'In113'AND'In115'
…'
…'
…'
…'
…'
…'
Sample'20'

Figure'2'

A'

less$than$3$labels

exactly$3$labels

more$than$3$labels

B' CD45%Pd104 + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + % % % % % % % % % % % % % % % % % % % % % % % % % % % % % % % %
CD45%Pd106 + + + + + + + + + + + + + + + + % % % % % % % % % % % % % % % % + + + + + + + + + + + + + + + + % % % % % % % % % % % % % % % %
CD45%Pd108 + + + + + + + + % % % % % % % % + + + + + + + + % % % % % % % % + + + + + + + + % % % % % % % % + + + + + + + + % % % % % % % %
CD45%Pd110 + + + + % % % % + + + + % % % % + + + + % % % % + + + + % % % % + + + + % % % % + + + + % % % % + + + + % % % % + + + + % % % %
CD45%In113 + + % % + + % % + + % % + + % % + + % % + + % % + + % % + + % % + + % % + + % % + + % % + + % % + + % % + + % % + + % % + + % %
CD45%In115 + % + % + % + % + % + % + % + % + % + % + % + % + % + % + % + % + % + % + % + % + % + % + % + % + % + % + % + % + % + % + % + %

less than 3 labels 
exactly 3 labels 
more than 3 labels 

Mei	et	al.,	J	Immunol	2015	

Combinatorial	
staining	with	six	

different	CD45	Abs	
for	barcoding	of	20	

samples	



Cell	surface	barcoding	extends	benefits	of	barcoding	
	to	addi5onal	steps	of	the	protocol	

PBMC	 Surface	
staining	 Perm	Fix	 intracellular	

staining	
further	
steps	

Behbehani	et	al.,	Cytometry	A,	2014	
Zunder	et	al.,	Nat	Protoc.,	2015	

Intracellular	barcoding	relies	on	thiol-	or	amine	reac5ve	reagents	which	require	cell	
fixa5on	and	permeabiliza5on	prior	to	barcoding	

Bodenmiller	et	al.,		
Nat	Biotech,	2014	

cell	surface		
barcoding	

Mei	et	al.,		JI,	2015	
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20140719_CD45BC_batch6.jo Layout: overlays single 20x deconv 20x vs BC
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20140718-HM-conv_H2 D1 +.fcs 41139 20140718-HM-conv_H2 D1 +.fcs
20140718-HM-conv_H2 D2 +.fcs 45226 20140718-HM-conv_H2 D2 +.fcs
20140718-HM-conv_H2 D3 +.fcs 52188 20140718-HM-conv_H2 D3 +.fcs
20140718-HM-conv_H2 D4+.fcs 69002 20140718-HM-conv_H2 D4+.fcs
20140718-HM-conv_H2 D5 +.fcs 46378 20140718-HM-conv_H2 D5 +.fcs
20140718-HM-conv_H2 D6 +.fcs 45117 20140718-HM-conv_H2 D6 +.fcs
20140718-HM-conv_H2 D7 +.fcs 63223 20140718-HM-conv_H2 D7 +.fcs
20140718-HM-conv_H2 D8 +.fcs 48317 20140718-HM-conv_H2 D8 +.fcs
20140718-HM-conv_H2 D9 +.fcs 48826 20140718-HM-conv_H2 D9 +.fcs
20140718-HM-conv_H D10 .fcs 50198 20140718-HM-conv_H D10 .fcs
20140718-HM-conv_H D11 .fcs 52382 20140718-HM-conv_H D11 .fcs
20140718-HM-conv_H D12 .fcs 73761 20140718-HM-conv_H D12 .fcs
20140718-HM-conv_H D13 .fcs 72597 20140718-HM-conv_H D13 .fcs
20140718-HM-conv_H D14 .fcs 55518 20140718-HM-conv_H D14 .fcs
20140718-HM-conv_H D15 .fcs 67506 20140718-HM-conv_H D15 .fcs
20140718-HM-conv_H D16 .fcs 92027 20140718-HM-conv_H D16 .fcs
20140718-HM-conv_H D17 .fcs 62688 20140718-HM-conv_H D17 .fcs
20140718-HM-conv_H D18 .fcs 9017 20140718-HM-conv_H D18 .fcs
20140718-HM-conv_H D19 .fcs 6892 20140718-HM-conv_H D19 .fcs
20140718-HM-conv_H D20* .fcs 5891 20140718-HM-conv_H D20* .fcs
20140718-HM-conv_H2O_conc.fcs 1007893 act Barcode
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Slot01 84754 Slot01
Slot02 71199 Slot02
Slot03 69499 Slot03
Slot04 78550 Slot04
Slot05 61677 Slot05
Slot06 50815 Slot06
Slot07 74868 Slot07
Slot08 67077 Slot08
Slot09 66489 Slot09
Slot10 68780 Slot10
Slot11 82259 Slot11
Slot12 60625 Slot12
Slot13 61108 Slot13
Slot14 61475 Slot14
Slot15 57647 Slot15
Slot16 69752 Slot16
Slot17 8036 Slot17
Slot18 1452 Slot18
Slot19 8103 Slot19
Slot20 6308 Slot20
20140718-HM-conv_H2O_conc.fcs 1007893 act Barcode

active barcode vs deconvoluted 20x CD45+ all 45+ evtsactive barcode vs Single (gated 45+) 20x
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Sample Gate %

20140718-HM-conv_H2 D6 +.fcs CD3+ CD20- 37.1
20140718-HM-conv_H2 D7 +.fcs CD3+ CD20- 69.5
20140718-HM-conv_H2 D8 +.fcs CD3+ CD20- 56.3
20140718-HM-conv_H2 D9 +.fcs CD3+ CD20- 62.1
20140718-HM-conv_H D10 .fcs CD3+ CD20- 46.8
20140718-HM-conv_H D11 .fcs CD3+ CD20- 58.6
20140718-HM-conv_H D12 .fcs CD3+ CD20- 52.7
20140718-HM-conv_H D13 .fcs CD3+ CD20- 63.9
20140718-HM-conv_H D14 .fcs CD3+ CD20- 59.5
20140718-HM-conv_H D15 .fcs CD3+ CD20- 46.1
20140718-HM-conv_H D16 .fcs CD3+ CD20- 69.1
20140718-HM-conv_H D17 .fcs CD3+ CD20- 64.9
20140718-HM-conv_H D18 .fcs CD3+ CD20- 59.5
20140718-HM-conv_H D19 .fcs CD3+ CD20- 55
20140718-HM-conv_H D20* .fcs CD3+ CD20- 59.5
20140718-HM-conv_H2O_conc.fcs CD3+ CD20- 57.6

Sample Gate %

Slot06 CD3+ CD20- 35.7
Slot07 CD3+ CD20- 70.1
Slot08 CD3+ CD20- 54.5
Slot09 CD3+ CD20- 63.8
Slot10 CD3+ CD20- 42.7
Slot11 CD3+ CD20- 63
Slot12 CD3+ CD20- 53.1
Slot13 CD3+ CD20- 63
Slot14 CD3+ CD20- 61.5
Slot15 CD3+ CD20- 47.5
Slot16 CD3+ CD20- 66.3
Slot17 CD3+ CD20- 67.9
Slot18 CD3+ CD20- 70
Slot19 CD3+ CD20- 51.5
Slot20 CD3+ CD20- 53.1
20140718-HM-conv_H2O_conc.fcs CD3+ CD20- 57.6
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20140718-HM-conv_H2 D1 +.fcs 41139 20140718-HM-conv_H2 D1 +.fcs
20140718-HM-conv_H2 D2 +.fcs 45226 20140718-HM-conv_H2 D2 +.fcs
20140718-HM-conv_H2 D3 +.fcs 52188 20140718-HM-conv_H2 D3 +.fcs
20140718-HM-conv_H2 D4+.fcs 69002 20140718-HM-conv_H2 D4+.fcs
20140718-HM-conv_H2 D5 +.fcs 46378 20140718-HM-conv_H2 D5 +.fcs
20140718-HM-conv_H2 D6 +.fcs 45117 20140718-HM-conv_H2 D6 +.fcs
20140718-HM-conv_H2 D7 +.fcs 63223 20140718-HM-conv_H2 D7 +.fcs
20140718-HM-conv_H2 D8 +.fcs 48317 20140718-HM-conv_H2 D8 +.fcs
20140718-HM-conv_H2 D9 +.fcs 48826 20140718-HM-conv_H2 D9 +.fcs
20140718-HM-conv_H D10 .fcs 50198 20140718-HM-conv_H D10 .fcs
20140718-HM-conv_H D11 .fcs 52382 20140718-HM-conv_H D11 .fcs
20140718-HM-conv_H D12 .fcs 73761 20140718-HM-conv_H D12 .fcs
20140718-HM-conv_H D13 .fcs 72597 20140718-HM-conv_H D13 .fcs
20140718-HM-conv_H D14 .fcs 55518 20140718-HM-conv_H D14 .fcs
20140718-HM-conv_H D15 .fcs 67506 20140718-HM-conv_H D15 .fcs
20140718-HM-conv_H D16 .fcs 92027 20140718-HM-conv_H D16 .fcs
20140718-HM-conv_H D17 .fcs 62688 20140718-HM-conv_H D17 .fcs
20140718-HM-conv_H D18 .fcs 9017 20140718-HM-conv_H D18 .fcs
20140718-HM-conv_H D19 .fcs 6892 20140718-HM-conv_H D19 .fcs
20140718-HM-conv_H D20* .fcs 5891 20140718-HM-conv_H D20* .fcs
20140718-HM-conv_H2O_conc.fcs 1007893 act Barcode
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20140718-HM-conv_H D12 .fcs CD3+ CD20- 52.7
20140718-HM-conv_H D13 .fcs CD3+ CD20- 63.9
20140718-HM-conv_H D14 .fcs CD3+ CD20- 59.5
20140718-HM-conv_H D15 .fcs CD3+ CD20- 46.1
20140718-HM-conv_H D16 .fcs CD3+ CD20- 69.1
20140718-HM-conv_H D17 .fcs CD3+ CD20- 64.9
20140718-HM-conv_H D18 .fcs CD3+ CD20- 59.5
20140718-HM-conv_H D19 .fcs CD3+ CD20- 55
20140718-HM-conv_H D20* .fcs CD3+ CD20- 59.5
20140718-HM-conv_H2O_conc.fcs CD3+ CD20- 57.6

Sample Gate %

Slot05 CD3+ CD20- 57.4
Slot06 CD3+ CD20- 35.7
Slot07 CD3+ CD20- 70.1
Slot08 CD3+ CD20- 54.5
Slot09 CD3+ CD20- 63.8
Slot10 CD3+ CD20- 42.7
Slot11 CD3+ CD20- 63
Slot12 CD3+ CD20- 53.1
Slot13 CD3+ CD20- 63
Slot14 CD3+ CD20- 61.5
Slot15 CD3+ CD20- 47.5
Slot16 CD3+ CD20- 66.3
Slot17 CD3+ CD20- 67.9
Slot18 CD3+ CD20- 70
Slot19 CD3+ CD20- 51.5
Slot20 CD3+ CD20- 53.1
20140718-HM-conv_H2O_conc.fcs CD3+ CD20- 57.6
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Sample Count Gating list Gate

20140618-convolut D1 ++.fcs 47552 Ungated 20140618-convolut D1 ++.fcs
20140618-convolut D2 ++.fcs 36652 Ungated 20140618-convolut D2 ++.fcs
20140618-convolut D3 ++.fcs 54390 Ungated 20140618-convolut D3 ++.fcs
20140618-convolute D4++-.fcs 37854 Ungated 20140618-convolute D4++-.fcs
20140618-convolut D5 +-.fcs 52107 Ungated 20140618-convolut D5 +-.fcs
20140618-convolut D6 +-.fcs 45540 Ungated 20140618-convolut D6 +-.fcs
20140618-convolut D7 +-.fcs 37685 Ungated 20140618-convolut D7 +-.fcs
20140618-convolut D8 +-.fcs 48990 Ungated 20140618-convolut D8 +-.fcs
20140618-convolut D9 +-.fcs 31912 Ungated 20140618-convolut D9 +-.fcs
20140618-convolut D10 +-.fcs 29328 Ungated 20140618-convolut D10 +-.fcs
20140618-convolut D11 -+.fcs 49059 Ungated 20140618-convolut D11 -+.fcs
20140618-convolut D12 -+.fcs 51744 Ungated 20140618-convolut D12 -+.fcs
20140618-convolut D13 -+.fcs 28140 Ungated 20140618-convolut D13 -+.fcs
20140618-convolut D14 -+.fcs 38875 Ungated 20140618-convolut D14 -+.fcs
20140618-convolut D15 -+.fcs 55578 Ungated 20140618-convolut D15 -+.fcs
20140618-convolut D16 -+.fcs 58559 Ungated 20140618-convolut D16 -+.fcs
20140618-convolut D17 --.fcs 44737 Ungated 20140618-convolut D17 --.fcs
20140618-convolut D18 --.fcs 47931 Ungated 20140618-convolut D18 --.fcs
20140618-convolut D19 --.fcs 43442 Ungated 20140618-convolut D19 --.fcs
20140618-convolu D20* -.fcs 38561 Ungated 20140618-convolu D20* -.fcs
20140618-convolute_cct.fcs 878636 DNA2-beads/(Ir193)Dd, (Ir191)Dd subset/CL-DNA2/act Barcode act Barcode

Sample % Gating list Gate

20140618-convolut D1 ++.fcs 59.7 CD3+ CD3+
20140618-convolut D2 ++.fcs 48.8 CD3+ CD3+
20140618-convolut D3 ++.fcs 55.3 CD3+ CD3+
20140618-convolute D4++-.fcs 61.5 CD3+ CD3+
20140618-convolut D5 +-.fcs 62.1 CD3+ CD3+
20140618-convolut D6 +-.fcs 55.5 CD3+ CD3+
20140618-convolut D7 +-.fcs 48.2 CD3+ CD3+
20140618-convolut D8 +-.fcs 64 CD3+ CD3+
20140618-convolut D9 +-.fcs 62.7 CD3+ CD3+
20140618-convolut D10 +-.fcs 56.9 CD3+ CD3+
20140618-convolut D11 -+.fcs 61.1 CD3+ CD3+
20140618-convolut D12 -+.fcs 51.5 CD3+ CD3+
20140618-convolut D13 -+.fcs 58.5 CD3+ CD3+
20140618-convolut D14 -+.fcs 45.5 CD3+ CD3+
20140618-convolut D15 -+.fcs 63.8 CD3+ CD3+
20140618-convolut D16 -+.fcs 58 CD3+ CD3+
20140618-convolut D17 --.fcs 56.8 CD3+ CD3+
20140618-convolut D18 --.fcs 64 CD3+ CD3+
20140618-convolut D19 --.fcs 67.5 CD3+ CD3+
20140618-convolu D20* -.fcs 62 CD3+ CD3+
20140618-convolute_cct.fcs 60.6 DNA2-beads/(Ir193)Dd, (Ir191)Dd subset/CL-DNA2/act Barcode/CD3+ CD3+

Sample % Gate Gating list

20140618-convolut D1 ++.fcs 32.7 CD3-CD20- CD3-CD20-
20140618-convolut D2 ++.fcs 46.2 CD3-CD20- CD3-CD20-
20140618-convolut D3 ++.fcs 34.6 CD3-CD20- CD3-CD20-
20140618-convolute D4++-.fcs 27.8 CD3-CD20- CD3-CD20-
20140618-convolut D5 +-.fcs 31.7 CD3-CD20- CD3-CD20-
20140618-convolut D6 +-.fcs 36.1 CD3-CD20- CD3-CD20-
20140618-convolut D7 +-.fcs 31.8 CD3-CD20- CD3-CD20-
20140618-convolut D8 +-.fcs 31 CD3-CD20- CD3-CD20-
20140618-convolut D9 +-.fcs 27.5 CD3-CD20- CD3-CD20-
20140618-convolut D10 +-.fcs 36.8 CD3-CD20- CD3-CD20-
20140618-convolut D11 -+.fcs 34 CD3-CD20- CD3-CD20-
20140618-convolut D12 -+.fcs 36.1 CD3-CD20- CD3-CD20-
20140618-convolut D13 -+.fcs 30.9 CD3-CD20- CD3-CD20-
20140618-convolut D14 -+.fcs 38.8 CD3-CD20- CD3-CD20-
20140618-convolut D15 -+.fcs 27.1 CD3-CD20- CD3-CD20-
20140618-convolut D16 -+.fcs 25.5 CD3-CD20- CD3-CD20-
20140618-convolut D17 --.fcs 27.1 CD3-CD20- CD3-CD20-
20140618-convolut D18 --.fcs 25.6 CD3-CD20- CD3-CD20-
20140618-convolut D19 --.fcs 22.3 CD3-CD20- CD3-CD20-
20140618-convolu D20* -.fcs 19.4 CD3-CD20- CD3-CD20-
20140618-convolute_cct.fcs 28.8 CD3-CD20- DNA2-beads/(Ir193)Dd, (Ir191)Dd subset/CL-DNA2/act Barcode/CD3-CD20-

Sample % Gate Gating list

20140618-convolut D6 +-.fcs 8.19 CD20+ CD20+
20140618-convolut D7 +-.fcs 19.8 CD20+ CD20+
20140618-convolut D8 +-.fcs 4.75 CD20+ CD20+
20140618-convolut D9 +-.fcs 9.52 CD20+ CD20+
20140618-convolut D10 +-.fcs 6.07 CD20+ CD20+
20140618-convolut D11 -+.fcs 4.67 CD20+ CD20+
20140618-convolut D12 -+.fcs 11.8 CD20+ CD20+
20140618-convolut D13 -+.fcs 10.4 CD20+ CD20+
20140618-convolut D14 -+.fcs 15.5 CD20+ CD20+
20140618-convolut D15 -+.fcs 8.6 CD20+ CD20+
20140618-convolut D16 -+.fcs 16.3 CD20+ CD20+
20140618-convolut D17 --.fcs 15.9 CD20+ CD20+
20140618-convolut D18 --.fcs 10.2 CD20+ CD20+
20140618-convolut D19 --.fcs 10.1 CD20+ CD20+
20140618-convolu D20* -.fcs 18.4 CD20+ CD20+
20140618-convolute_cct.fcs 10.4 CD20+ DNA2-beads/(Ir193)Dd, (Ir191)Dd subset/CL-DNA2/act Barcode/CD20+
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Sample Count Gate Gating list

batch4_slot01 93585 batch4_slot01 Ungated
batch4_slot02 36639 batch4_slot02 Ungated
batch4_slot03 35618 batch4_slot03 Ungated
batch4_slot04 24977 batch4_slot04 Ungated
batch4_slot05 33149 batch4_slot05 Ungated
batch4_slot06 45341 batch4_slot06 Ungated
batch4_slot07 55071 batch4_slot07 Ungated
batch4_slot08 56204 batch4_slot08 Ungated
batch4_slot09 56978 batch4_slot09 Ungated
batch4_slot10 40227 batch4_slot10 Ungated
batch4_slot11 54230 batch4_slot11 Ungated
batch4_slot12 72190 batch4_slot12 Ungated
batch4_slot13 48615 batch4_slot13 Ungated
batch4_slot14 63610 batch4_slot14 Ungated
batch4_slot15 81919 batch4_slot15 Ungated
batch4_slot16 63062 batch4_slot16 Ungated
batch4_slot17 73784 batch4_slot17 Ungated
batch4_slot18 23262 batch4_slot18 Ungated
batch4_slot19 99002 batch4_slot19 Ungated
batch4_slot20 92867 batch4_slot20 Ungated
20140618-convolute_cct.fcs 878636 act Barcode DNA2-beads/(Ir193)Dd, (Ir191)Dd subset/CL-DNA2/act Barcode

Sample % Gate Gating list

batch4_slot01 59.1 CD3+ CD3+
batch4_slot02 52.8 CD3+ CD3+
batch4_slot03 59.6 CD3+ CD3+
batch4_slot04 59.4 CD3+ CD3+
batch4_slot05 56.8 CD3+ CD3+
batch4_slot06 51.7 CD3+ CD3+
batch4_slot07 48.2 CD3+ CD3+
batch4_slot08 58.4 CD3+ CD3+
batch4_slot09 61.7 CD3+ CD3+
batch4_slot10 56.8 CD3+ CD3+
batch4_slot11 55.1 CD3+ CD3+
batch4_slot12 48.3 CD3+ CD3+
batch4_slot13 60.4 CD3+ CD3+
batch4_slot14 52.6 CD3+ CD3+
batch4_slot15 61.9 CD3+ CD3+
batch4_slot16 55.3 CD3+ CD3+
batch4_slot17 55.2 CD3+ CD3+
batch4_slot18 63.4 CD3+ CD3+
batch4_slot19 64 CD3+ CD3+
batch4_slot20 58.7 CD3+ CD3+
20140618-convolute_cct.fcs 60.6 CD3+ DNA2-beads/(Ir193)Dd, (Ir191)Dd subset/CL-DNA2/act Barcode/CD3+

Sample % Gate Gating list

batch4_slot01 31.5 CD3-CD20- CD3-CD20-
batch4_slot02 41.2 CD3-CD20- CD3-CD20-
batch4_slot03 30.8 CD3-CD20- CD3-CD20-
batch4_slot04 28 CD3-CD20- CD3-CD20-
batch4_slot05 32 CD3-CD20- CD3-CD20-
batch4_slot06 37.1 CD3-CD20- CD3-CD20-
batch4_slot07 29.6 CD3-CD20- CD3-CD20-
batch4_slot08 34 CD3-CD20- CD3-CD20-
batch4_slot09 27.9 CD3-CD20- CD3-CD20-
batch4_slot10 37.2 CD3-CD20- CD3-CD20-
batch4_slot11 39.7 CD3-CD20- CD3-CD20-
batch4_slot12 40.8 CD3-CD20- CD3-CD20-
batch4_slot13 29.6 CD3-CD20- CD3-CD20-
batch4_slot14 34.5 CD3-CD20- CD3-CD20-
batch4_slot15 27.7 CD3-CD20- CD3-CD20-
batch4_slot16 27.2 CD3-CD20- CD3-CD20-
batch4_slot17 28 CD3-CD20- CD3-CD20-
batch4_slot18 24.4 CD3-CD20- CD3-CD20-
batch4_slot19 24.9 CD3-CD20- CD3-CD20-
batch4_slot20 20.7 CD3-CD20- CD3-CD20-
20140618-convolute_cct.fcs 28.8 CD3-CD20- DNA2-beads/(Ir193)Dd, (Ir191)Dd subset/CL-DNA2/act Barcode/CD3-CD20-

Sample % Gate Gating list

batch4_slot04 11 CD20+ CD20+
batch4_slot05 8.32 CD20+ CD20+
batch4_slot06 9.63 CD20+ CD20+
batch4_slot07 18.9 CD20+ CD20+
batch4_slot08 6.91 CD20+ CD20+
batch4_slot09 9.79 CD20+ CD20+
batch4_slot10 5.69 CD20+ CD20+
batch4_slot11 4.36 CD20+ CD20+
batch4_slot12 10.2 CD20+ CD20+
batch4_slot13 9.73 CD20+ CD20+
batch4_slot14 11.9 CD20+ CD20+
batch4_slot15 9.72 CD20+ CD20+
batch4_slot16 16.2 CD20+ CD20+
batch4_slot17 15.9 CD20+ CD20+
batch4_slot18 12 CD20+ CD20+
batch4_slot19 10.3 CD20+ CD20+
batch4_slot20 19.4 CD20+ CD20+
20140618-convolute_cct.fcs 10.4 CD20+ DNA2-beads/(Ir193)Dd, (Ir191)Dd subset/CL-DNA2/act Barcode/CD20+

single deconvoluted
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Sample Count Gating list Gate

20140625-CD45-BC-Bta D1 .fcs 61348 Ungated 20140625-CD45-BC-Bta D1 .fcs
20140625-CD45-BC-Bta D2 .fcs 46159 Ungated 20140625-CD45-BC-Bta D2 .fcs
20140625-CD45-BC-Bta D3 .fcs 32009 Ungated 20140625-CD45-BC-Bta D3 .fcs
20140625-CD45-BC-Bta D4.fcs 52860 Ungated 20140625-CD45-BC-Bta D4.fcs
20140625-CD45-BC-Bta D5 .fcs 35764 Ungated 20140625-CD45-BC-Bta D5 .fcs
20140625-CD45-BC-Bta D6 .fcs 34017 Ungated 20140625-CD45-BC-Bta D6 .fcs
20140625-CD45-BC-Bta D7 .fcs 29565 Ungated 20140625-CD45-BC-Bta D7 .fcs
20140625-CD45-BC-Bta D8 .fcs 18116 Ungated 20140625-CD45-BC-Bta D8 .fcs
20140625-CD45-BC-Bta D9 .fcs 31130 Ungated 20140625-CD45-BC-Bta D9 .fcs
20140625-CD45-BC-Bt D10.fcs 9060 Ungated 20140625-CD45-BC-Bt D10.fcs
20140625-CD45-BC-Bt D11.fcs 48346 Ungated 20140625-CD45-BC-Bt D11.fcs
20140625-CD45-BC-Bt D12.fcs 23338 Ungated 20140625-CD45-BC-Bt D12.fcs
20140625-CD45-BC-Bt D13.fcs 51637 Ungated 20140625-CD45-BC-Bt D13.fcs
20140625-CD45-BC-Bt D14.fcs 22829 Ungated 20140625-CD45-BC-Bt D14.fcs
20140625-CD45-BC-Btach5_cct.fcs 496178 DNA2-beads/(Ir193)Dd, (Ir191)Dd subset/CL-DNA2/act Barcode D1-14 act Barcode D1-14

Sample % Gating list Gate

20140625-CD45-BC-Bta D1 .fcs 71.6 CD3+ CD3+
20140625-CD45-BC-Bta D2 .fcs 67.3 CD3+ CD3+
20140625-CD45-BC-Bta D3 .fcs 65.9 CD3+ CD3+
20140625-CD45-BC-Bta D4.fcs 68.7 CD3+ CD3+
20140625-CD45-BC-Bta D5 .fcs 68.2 CD3+ CD3+
20140625-CD45-BC-Bta D6 .fcs 65.9 CD3+ CD3+
20140625-CD45-BC-Bta D7 .fcs 61.3 CD3+ CD3+
20140625-CD45-BC-Bta D8 .fcs 69.3 CD3+ CD3+
20140625-CD45-BC-Bta D9 .fcs 75.1 CD3+ CD3+
20140625-CD45-BC-Bt D10.fcs 75.6 CD3+ CD3+
20140625-CD45-BC-Bt D11.fcs 67.3 CD3+ CD3+
20140625-CD45-BC-Bt D12.fcs 72.7 CD3+ CD3+
20140625-CD45-BC-Bt D13.fcs 75.8 CD3+ CD3+
20140625-CD45-BC-Bt D14.fcs 70.4 CD3+ CD3+
20140625-CD45-BC-Btach5_cct.fcs 77.1 DNA2-beads/(Ir193)Dd, (Ir191)Dd subset/CL-DNA2/act Barcode D1-14/CD3+ CD3+

Sample % Gating list Gate

20140625-CD45-BC-Bta D3 .fcs 17.3 CD3-CD20- CD3-CD20-
20140625-CD45-BC-Bta D4.fcs 11.4 CD3-CD20- CD3-CD20-
20140625-CD45-BC-Bta D5 .fcs 18.3 CD3-CD20- CD3-CD20-
20140625-CD45-BC-Bta D6 .fcs 17.6 CD3-CD20- CD3-CD20-
20140625-CD45-BC-Bta D7 .fcs 12.7 CD3-CD20- CD3-CD20-
20140625-CD45-BC-Bta D8 .fcs 18.9 CD3-CD20- CD3-CD20-
20140625-CD45-BC-Bta D9 .fcs 13.9 CD3-CD20- CD3-CD20-
20140625-CD45-BC-Bt D10.fcs 13.2 CD3-CD20- CD3-CD20-
20140625-CD45-BC-Bt D11.fcs 21.9 CD3-CD20- CD3-CD20-
20140625-CD45-BC-Bt D12.fcs 18 CD3-CD20- CD3-CD20-
20140625-CD45-BC-Bt D13.fcs 18.6 CD3-CD20- CD3-CD20-
20140625-CD45-BC-Bt D14.fcs 20.6 CD3-CD20- CD3-CD20-
20140625-CD45-BC-Btach5_cct.fcs 9.85 DNA2-beads/(Ir193)Dd, (Ir191)Dd subset/CL-DNA2/act Barcode D1-14/CD3-CD20- CD3-CD20-
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Sample Count Gating list Gate

batch5_slot01 58229 Ungated batch5_slot01
batch5_slot02 55981 Ungated batch5_slot02
batch5_slot03 22692 Ungated batch5_slot03
batch5_slot04 51620 Ungated batch5_slot04
batch5_slot05 50500 Ungated batch5_slot05
batch5_slot06 29362 Ungated batch5_slot06
batch5_slot07 53864 Ungated batch5_slot07
batch5_slot08 79304 Ungated batch5_slot08
batch5_slot09 37631 Ungated batch5_slot09
batch5_slot10 48702 Ungated batch5_slot10
batch5_slot11 59676 Ungated batch5_slot11
batch5_slot12 49699 Ungated batch5_slot12
batch5_slot13 43570 Ungated batch5_slot13
batch5_slot14 54798 Ungated batch5_slot14
20140625-CD45-BC-Btach5_cct.fcs 496178 DNA2-beads/(Ir193)Dd, (Ir191)Dd subset/CL-DNA2/act Barcode D1-14 act Barcode D1-14

Sample % Gating list Gate

batch5_slot01 71.8 CD3+ CD3+
batch5_slot02 66.2 CD3+ CD3+
batch5_slot03 66.5 CD3+ CD3+
batch5_slot04 64.1 CD3+ CD3+
batch5_slot05 62.2 CD3+ CD3+
batch5_slot06 66.4 CD3+ CD3+
batch5_slot07 52.6 CD3+ CD3+
batch5_slot08 65.2 CD3+ CD3+
batch5_slot09 66.7 CD3+ CD3+
batch5_slot10 64.8 CD3+ CD3+
batch5_slot11 62 CD3+ CD3+
batch5_slot12 70.7 CD3+ CD3+
batch5_slot13 68.2 CD3+ CD3+
batch5_slot14 66.4 CD3+ CD3+
20140625-CD45-BC-Btach5_cct.fcs 77.1 DNA2-beads/(Ir193)Dd, (Ir191)Dd subset/CL-DNA2/act Barcode D1-14/CD3+ CD3+

Sample % Gating list Gate

batch5_slot04 16.4 CD3-CD20- CD3-CD20-
batch5_slot05 23.6 CD3-CD20- CD3-CD20-
batch5_slot06 16.9 CD3-CD20- CD3-CD20-
batch5_slot07 23.3 CD3-CD20- CD3-CD20-
batch5_slot08 24 CD3-CD20- CD3-CD20-
batch5_slot09 26.2 CD3-CD20- CD3-CD20-
batch5_slot10 20.3 CD3-CD20- CD3-CD20-
batch5_slot11 30.1 CD3-CD20- CD3-CD20-
batch5_slot12 22.4 CD3-CD20- CD3-CD20-
batch5_slot13 28.5 CD3-CD20- CD3-CD20-
batch5_slot14 28.3 CD3-CD20- CD3-CD20-
20140625-CD45-BC-Btach5_cct.fcs 9.85 DNA2-beads/(Ir193)Dd, (Ir191)Dd subset/CL-DNA2/act Barcode D1-14/CD3-CD20- CD3-CD20-
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Sample Count Gating list Gate

20140625-CD45-BC-Bta D1 .fcs 61348 Ungated 20140625-CD45-BC-Bta D1 .fcs
20140625-CD45-BC-Bta D2 .fcs 46159 Ungated 20140625-CD45-BC-Bta D2 .fcs
20140625-CD45-BC-Bta D3 .fcs 32009 Ungated 20140625-CD45-BC-Bta D3 .fcs
20140625-CD45-BC-Bta D4.fcs 52860 Ungated 20140625-CD45-BC-Bta D4.fcs
20140625-CD45-BC-Bta D5 .fcs 35764 Ungated 20140625-CD45-BC-Bta D5 .fcs
20140625-CD45-BC-Bta D6 .fcs 34017 Ungated 20140625-CD45-BC-Bta D6 .fcs
20140625-CD45-BC-Bta D7 .fcs 29565 Ungated 20140625-CD45-BC-Bta D7 .fcs
20140625-CD45-BC-Bta D8 .fcs 18116 Ungated 20140625-CD45-BC-Bta D8 .fcs
20140625-CD45-BC-Bta D9 .fcs 31130 Ungated 20140625-CD45-BC-Bta D9 .fcs
20140625-CD45-BC-Bt D10.fcs 9060 Ungated 20140625-CD45-BC-Bt D10.fcs
20140625-CD45-BC-Bt D11.fcs 48346 Ungated 20140625-CD45-BC-Bt D11.fcs
20140625-CD45-BC-Bt D12.fcs 23338 Ungated 20140625-CD45-BC-Bt D12.fcs
20140625-CD45-BC-Bt D13.fcs 51637 Ungated 20140625-CD45-BC-Bt D13.fcs
20140625-CD45-BC-Bt D14.fcs 22829 Ungated 20140625-CD45-BC-Bt D14.fcs
20140625-CD45-BC-Btach5_cct.fcs 496178 DNA2-beads/(Ir193)Dd, (Ir191)Dd subset/CL-DNA2/act Barcode D1-14 act Barcode D1-14

Sample % Gating list Gate

20140625-CD45-BC-Bta D1 .fcs 71.6 CD3+ CD3+
20140625-CD45-BC-Bta D2 .fcs 67.3 CD3+ CD3+
20140625-CD45-BC-Bta D3 .fcs 65.9 CD3+ CD3+
20140625-CD45-BC-Bta D4.fcs 68.7 CD3+ CD3+
20140625-CD45-BC-Bta D5 .fcs 68.2 CD3+ CD3+
20140625-CD45-BC-Bta D6 .fcs 65.9 CD3+ CD3+
20140625-CD45-BC-Bta D7 .fcs 61.3 CD3+ CD3+
20140625-CD45-BC-Bta D8 .fcs 69.3 CD3+ CD3+
20140625-CD45-BC-Bta D9 .fcs 75.1 CD3+ CD3+
20140625-CD45-BC-Bt D10.fcs 75.6 CD3+ CD3+
20140625-CD45-BC-Bt D11.fcs 67.3 CD3+ CD3+
20140625-CD45-BC-Bt D12.fcs 72.7 CD3+ CD3+
20140625-CD45-BC-Bt D13.fcs 75.8 CD3+ CD3+
20140625-CD45-BC-Bt D14.fcs 70.4 CD3+ CD3+
20140625-CD45-BC-Btach5_cct.fcs 77.1 DNA2-beads/(Ir193)Dd, (Ir191)Dd subset/CL-DNA2/act Barcode D1-14/CD3+ CD3+

Sample % Gating list Gate

20140625-CD45-BC-Bta D2 .fcs 12.7 CD3-CD20- CD3-CD20-
20140625-CD45-BC-Bta D3 .fcs 17.3 CD3-CD20- CD3-CD20-
20140625-CD45-BC-Bta D4.fcs 11.4 CD3-CD20- CD3-CD20-
20140625-CD45-BC-Bta D5 .fcs 18.3 CD3-CD20- CD3-CD20-
20140625-CD45-BC-Bta D6 .fcs 17.6 CD3-CD20- CD3-CD20-
20140625-CD45-BC-Bta D7 .fcs 12.7 CD3-CD20- CD3-CD20-
20140625-CD45-BC-Bta D8 .fcs 18.9 CD3-CD20- CD3-CD20-
20140625-CD45-BC-Bta D9 .fcs 13.9 CD3-CD20- CD3-CD20-
20140625-CD45-BC-Bt D10.fcs 13.2 CD3-CD20- CD3-CD20-
20140625-CD45-BC-Bt D11.fcs 21.9 CD3-CD20- CD3-CD20-
20140625-CD45-BC-Bt D12.fcs 18 CD3-CD20- CD3-CD20-
20140625-CD45-BC-Bt D13.fcs 18.6 CD3-CD20- CD3-CD20-
20140625-CD45-BC-Bt D14.fcs 20.6 CD3-CD20- CD3-CD20-
20140625-CD45-BC-Btach5_cct.fcs 9.85 DNA2-beads/(Ir193)Dd, (Ir191)Dd subset/CL-DNA2/act Barcode D1-14/CD3-CD20- CD3-CD20-
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Sample Count Gating list Gate

20140618-convolut D1 ++.fcs 47552 Ungated 20140618-convolut D1 ++.fcs
20140618-convolut D2 ++.fcs 36652 Ungated 20140618-convolut D2 ++.fcs
20140618-convolut D3 ++.fcs 54390 Ungated 20140618-convolut D3 ++.fcs
20140618-convolute D4++-.fcs 37854 Ungated 20140618-convolute D4++-.fcs
20140618-convolut D5 +-.fcs 52107 Ungated 20140618-convolut D5 +-.fcs
20140618-convolut D6 +-.fcs 45540 Ungated 20140618-convolut D6 +-.fcs
20140618-convolut D7 +-.fcs 37685 Ungated 20140618-convolut D7 +-.fcs
20140618-convolut D8 +-.fcs 48990 Ungated 20140618-convolut D8 +-.fcs
20140618-convolut D9 +-.fcs 31912 Ungated 20140618-convolut D9 +-.fcs
20140618-convolut D10 +-.fcs 29328 Ungated 20140618-convolut D10 +-.fcs
20140618-convolut D11 -+.fcs 49059 Ungated 20140618-convolut D11 -+.fcs
20140618-convolut D12 -+.fcs 51744 Ungated 20140618-convolut D12 -+.fcs
20140618-convolut D13 -+.fcs 28140 Ungated 20140618-convolut D13 -+.fcs
20140618-convolut D14 -+.fcs 38875 Ungated 20140618-convolut D14 -+.fcs
20140618-convolut D15 -+.fcs 55578 Ungated 20140618-convolut D15 -+.fcs
20140618-convolut D16 -+.fcs 58559 Ungated 20140618-convolut D16 -+.fcs
20140618-convolut D17 --.fcs 44737 Ungated 20140618-convolut D17 --.fcs
20140618-convolut D18 --.fcs 47931 Ungated 20140618-convolut D18 --.fcs
20140618-convolut D19 --.fcs 43442 Ungated 20140618-convolut D19 --.fcs
20140618-convolu D20* -.fcs 38561 Ungated 20140618-convolu D20* -.fcs
20140618-convolute_cct.fcs 878636 DNA2-beads/(Ir193)Dd, (Ir191)Dd subset/CL-DNA2/act Barcode act Barcode

Sample % Gating list Gate

20140618-convolut D1 ++.fcs 59.7 CD3+ CD3+
20140618-convolut D2 ++.fcs 48.8 CD3+ CD3+
20140618-convolut D3 ++.fcs 55.3 CD3+ CD3+
20140618-convolute D4++-.fcs 61.5 CD3+ CD3+
20140618-convolut D5 +-.fcs 62.1 CD3+ CD3+
20140618-convolut D6 +-.fcs 55.5 CD3+ CD3+
20140618-convolut D7 +-.fcs 48.2 CD3+ CD3+
20140618-convolut D8 +-.fcs 64 CD3+ CD3+
20140618-convolut D9 +-.fcs 62.7 CD3+ CD3+
20140618-convolut D10 +-.fcs 56.9 CD3+ CD3+
20140618-convolut D11 -+.fcs 61.1 CD3+ CD3+
20140618-convolut D12 -+.fcs 51.5 CD3+ CD3+
20140618-convolut D13 -+.fcs 58.5 CD3+ CD3+
20140618-convolut D14 -+.fcs 45.5 CD3+ CD3+
20140618-convolut D15 -+.fcs 63.8 CD3+ CD3+
20140618-convolut D16 -+.fcs 58 CD3+ CD3+
20140618-convolut D17 --.fcs 56.8 CD3+ CD3+
20140618-convolut D18 --.fcs 64 CD3+ CD3+
20140618-convolut D19 --.fcs 67.5 CD3+ CD3+
20140618-convolu D20* -.fcs 62 CD3+ CD3+
20140618-convolute_cct.fcs 60.6 DNA2-beads/(Ir193)Dd, (Ir191)Dd subset/CL-DNA2/act Barcode/CD3+ CD3+

Sample % Gate Gating list

20140618-convolut D1 ++.fcs 32.7 CD3-CD20- CD3-CD20-
20140618-convolut D2 ++.fcs 46.2 CD3-CD20- CD3-CD20-
20140618-convolut D3 ++.fcs 34.6 CD3-CD20- CD3-CD20-
20140618-convolute D4++-.fcs 27.8 CD3-CD20- CD3-CD20-
20140618-convolut D5 +-.fcs 31.7 CD3-CD20- CD3-CD20-
20140618-convolut D6 +-.fcs 36.1 CD3-CD20- CD3-CD20-
20140618-convolut D7 +-.fcs 31.8 CD3-CD20- CD3-CD20-
20140618-convolut D8 +-.fcs 31 CD3-CD20- CD3-CD20-
20140618-convolut D9 +-.fcs 27.5 CD3-CD20- CD3-CD20-
20140618-convolut D10 +-.fcs 36.8 CD3-CD20- CD3-CD20-
20140618-convolut D11 -+.fcs 34 CD3-CD20- CD3-CD20-
20140618-convolut D12 -+.fcs 36.1 CD3-CD20- CD3-CD20-
20140618-convolut D13 -+.fcs 30.9 CD3-CD20- CD3-CD20-
20140618-convolut D14 -+.fcs 38.8 CD3-CD20- CD3-CD20-
20140618-convolut D15 -+.fcs 27.1 CD3-CD20- CD3-CD20-
20140618-convolut D16 -+.fcs 25.5 CD3-CD20- CD3-CD20-
20140618-convolut D17 --.fcs 27.1 CD3-CD20- CD3-CD20-
20140618-convolut D18 --.fcs 25.6 CD3-CD20- CD3-CD20-
20140618-convolut D19 --.fcs 22.3 CD3-CD20- CD3-CD20-
20140618-convolu D20* -.fcs 19.4 CD3-CD20- CD3-CD20-
20140618-convolute_cct.fcs 28.8 CD3-CD20- DNA2-beads/(Ir193)Dd, (Ir191)Dd subset/CL-DNA2/act Barcode/CD3-CD20-

Sample % Gate Gating list

20140618-convolut D3 ++.fcs 9.97 CD20+ CD20+
20140618-convolute D4++-.fcs 10.5 CD20+ CD20+
20140618-convolut D5 +-.fcs 5.84 CD20+ CD20+
20140618-convolut D6 +-.fcs 8.19 CD20+ CD20+
20140618-convolut D7 +-.fcs 19.8 CD20+ CD20+
20140618-convolut D8 +-.fcs 4.75 CD20+ CD20+
20140618-convolut D9 +-.fcs 9.52 CD20+ CD20+
20140618-convolut D10 +-.fcs 6.07 CD20+ CD20+
20140618-convolut D11 -+.fcs 4.67 CD20+ CD20+
20140618-convolut D12 -+.fcs 11.8 CD20+ CD20+
20140618-convolut D13 -+.fcs 10.4 CD20+ CD20+
20140618-convolut D14 -+.fcs 15.5 CD20+ CD20+
20140618-convolut D15 -+.fcs 8.6 CD20+ CD20+
20140618-convolut D16 -+.fcs 16.3 CD20+ CD20+
20140618-convolut D17 --.fcs 15.9 CD20+ CD20+
20140618-convolut D18 --.fcs 10.2 CD20+ CD20+
20140618-convolut D19 --.fcs 10.1 CD20+ CD20+
20140618-convolu D20* -.fcs 18.4 CD20+ CD20+
20140618-convolute_cct.fcs 10.4 CD20+ DNA2-beads/(Ir193)Dd, (Ir191)Dd subset/CL-DNA2/act Barcode/CD20+

Count Gate Gating list

93585 batch4_slot01 Ungated
36639 batch4_slot02 Ungated
35618 batch4_slot03 Ungated
24977 batch4_slot04 Ungated
33149 batch4_slot05 Ungated
45341 batch4_slot06 Ungated
55071 batch4_slot07 Ungated
56204 batch4_slot08 Ungated
56978 batch4_slot09 Ungated
40227 batch4_slot10 Ungated
54230 batch4_slot11 Ungated
72190 batch4_slot12 Ungated
48615 batch4_slot13 Ungated
63610 batch4_slot14 Ungated
81919 batch4_slot15 Ungated
63062 batch4_slot16 Ungated
73784 batch4_slot17 Ungated
23262 batch4_slot18 Ungated
99002 batch4_slot19 Ungated
92867 batch4_slot20 Ungated
878636 act Barcode DNA2-beads/(Ir193)Dd, (Ir191)Dd subset/CL-DNA2/act Barcode

% Gate Gating list

59.1 CD3+ CD3+
52.8 CD3+ CD3+
59.6 CD3+ CD3+
59.4 CD3+ CD3+
56.8 CD3+ CD3+
51.7 CD3+ CD3+
48.2 CD3+ CD3+
58.4 CD3+ CD3+
61.7 CD3+ CD3+
56.8 CD3+ CD3+
55.1 CD3+ CD3+
48.3 CD3+ CD3+
60.4 CD3+ CD3+
52.6 CD3+ CD3+
61.9 CD3+ CD3+
55.3 CD3+ CD3+
55.2 CD3+ CD3+
63.4 CD3+ CD3+
64 CD3+ CD3+
58.7 CD3+ CD3+

20140618-convolute_cct.fcs 60.6 CD3+ DNA2-beads/(Ir193)Dd, (Ir191)Dd subset/CL-DNA2/act Barcode/CD3+

% Gate Gating list

31.5 CD3-CD20- CD3-CD20-
41.2 CD3-CD20- CD3-CD20-
30.8 CD3-CD20- CD3-CD20-
28 CD3-CD20- CD3-CD20-
32 CD3-CD20- CD3-CD20-
37.1 CD3-CD20- CD3-CD20-
29.6 CD3-CD20- CD3-CD20-
34 CD3-CD20- CD3-CD20-
27.9 CD3-CD20- CD3-CD20-
37.2 CD3-CD20- CD3-CD20-
39.7 CD3-CD20- CD3-CD20-
40.8 CD3-CD20- CD3-CD20-
29.6 CD3-CD20- CD3-CD20-
34.5 CD3-CD20- CD3-CD20-
27.7 CD3-CD20- CD3-CD20-
27.2 CD3-CD20- CD3-CD20-
28 CD3-CD20- CD3-CD20-
24.4 CD3-CD20- CD3-CD20-
24.9 CD3-CD20- CD3-CD20-
20.7 CD3-CD20- CD3-CD20-

20140618-convolute_cct.fcs 28.8 CD3-CD20- DNA2-beads/(Ir193)Dd, (Ir191)Dd subset/CL-DNA2/act Barcode/CD3-CD20-

% Gate Gating list

5.36 CD20+ CD20+
8.68 CD20+ CD20+
11 CD20+ CD20+
8.32 CD20+ CD20+
9.63 CD20+ CD20+
18.9 CD20+ CD20+
6.91 CD20+ CD20+
9.79 CD20+ CD20+
5.69 CD20+ CD20+
4.36 CD20+ CD20+
10.2 CD20+ CD20+
9.73 CD20+ CD20+
11.9 CD20+ CD20+
9.72 CD20+ CD20+
16.2 CD20+ CD20+
15.9 CD20+ CD20+
12 CD20+ CD20+
10.3 CD20+ CD20+
19.4 CD20+ CD20+

20140618-convolute_cct.fcs 10.4 CD20+ DNA2-beads/(Ir193)Dd, (Ir191)Dd subset/CL-DNA2/act Barcode/CD20+

deconvoluted
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r=0.9474
p<0.0001

slope, 1.00±0.03

r=0.9429
p<0.0001

slope, 0.97±0.04

r=0.9157
p<0.0001

slope, 0.94±0.03

r=0.9503
p<0.0001

slope, 0.99±0.03

r=0.8031
p=0.0009

slope, 1.13±0.04

r=0.8992
p<0.0001

slope, 1.23±0.06

r=0.9134
p<0.0001

slope, 1.00±0.01

r=0.9692
p<0.0001

slope, 0.97±0.02

r=0.7364
p=0.0002

slope, 0.97±0.02

Spearman’s r

p value

B C

Results	from	barcoded,	deconvoluted	data	reproduce	data	from	
	individually	processed	samples	

Mei	et	al.,	J	Immunol	2015	
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CD20	•  Excellent	correlaKon	for	cell	frequency	data	

•  Good	to	excellent	correlaKon	for	signal	intensity	data	



Signal	Decrease	Over	Very	Long	Run-Times		
-	Data	normalizaKon	using	beads	-		

73%	of		
start	

98%	of		
start	

-	Single	file:	>2	million	cells	=>3	hr	

Finck	et	al,	Cytometry	A	



Metal	Labeling	of	AnKbody	

Pre-conjugated	Ab	from	Fluidigm		
•  	 chelator-decorated	polymer	+	lanthanides,	Y,	Bi	
	
In-house	conjugates	with	
•  Lanthanides	using	Fluidigm	kits	and	carrier-protein-free	Abs	
•  Palladium	(Mei	et	al.,	JI	2015)	

•  PlaKnum	(Mei	et	al.,	Cytometry	A	2016)	

	
In	case	of	conjugaKon	failure	
•  	 secondary	anKbodies	(anK-Ig,	anK-BioKn)	
•  	 anK-fluorochrome	anKbodies	
	



Lanthanide	advantages:	
1.		Very	low	bioavailability	
2.		Enriched	isotopes	can	be	purchased	and	are	well-resolved	by	ICP-MS	

PotenKally	Suitable	Elements	



ApplicaKons	of	mass	cytometry	
Immune	monitoring	(PBMC/leukocytes)	

	HIMC	Stanford,	core	faciliKes	
	-	combine	mulK-tube	FACS	panels	into	mass	cytometry	panel	(e.g.	Nichholas	et	al.,	CytA	2015)	

	
Tumor	phenotyping	
	
Cell	signalling	

	Metal-labeled	anKbodies	go	well	with	methanol	
	
Many	parameters	

	TCR	repertoire	(Evan	Newell)	
	NK	cell	inhibitory	and	acKvaKng	receptor	repertoire	(Amir	Horowitz)	

	
Analysis	of	small	&	rare	cell	samples	

	Biopsies,	liquor,	urine,	lavage	
	
Tracking	of	cellular	differenKaKon	

B	cells	(Sean	Bendall)	/	Stem	cells	(Eli	Zunder)	
	
But	also:	toxicology	(heavy	metal		uptake	by	cells),	bacteria	(Leipold	et	al.,	An	l.	Biochem.	2011).	



Mass	cytometry	of	rare	cells	

Many	interesKng	cell	types	are	scarce	and	display	considerable	heterogeneity	
•  	 Stem	cells	
•  	 Innate	lymphoid	cells	(ILC)	
•  	 Plasma	cells	
•  	 anKgen-specific	T	and	B	lymphocytes	

		
Limited		throughput	à	intolerably	long	acquisiKon	Kme	for	rare	cells	in	their	naKve	mixture	

SoluKon:	pre-enrichment	of	cells	
	
MagneKc		separaKon	

	-	stress	for	sensiKve	cells	à	consider	enriching	cells	ajer	staining/fixaKon	
	-	metal	contaminaKon	of	beads	cannot	be	excluded	
	-	sorKng	according	to	mulKple	parameters	is	difficult	

	
SeparaKon	by	cell	sorKng	(FACS)	

	-	tricky	to	stain	for	markers	for	CyTOF	previously	used	for	sorKng		
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