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CyTOF® Mass Cytometer
Massively Multi-Parametric Cytometry

Discover what you have been missing



Cellular analysis on an
unprecedented scale

The CyTOF® Advantage

•	 Simple, highly multiplexed single cell analysis

•	 Robust and reproducible performance

•	 Absolute quantitation of target molecules

•	 Easy, convenient workflow

The CyTOF® Mass Cytometer int roduces the next generat ion of 
h ighly mult ip lexed s ingle ce l l  analyzers which wi l l  a fford new 
ins ights into the b io logy of  complex cel lu lar  networks1. 

Unl ike tradit ional f low cytometry where detect ion of mult iple 
probes is hindered by the physical l imitat ions of f luorescence 
emission spectral  over lap, the CyTOF instrument uses atomic 
mass spectrometry to al low simple, independent detect ion of up 
to 33 metal labeled ant ibodies (and two DNA intercalators) based 
on current ly avai lable reagents. The instrument has the capacity 
to measure 100 independent s ignals and new reagents wi l l  be 
introduced to take advantage of i ts ful l  capabi l i ty in the future.  

The CyTOF system is the f i rst  i n o r g a n i c  m a s s  s p e c t ro m e t e r
speci f ica l ly  bui l t  for  b io logists and s i n g l e  c e l l  a p p l i c a t i o n s . 
T h e  induct ive ly coupled plasma mass spectrometer at  i ts  heart 
has been used extensive ly by analyt ica l  chemists and is  proven 
in the quant i f icat ion of  e lements and stable isotopes in a var iety 
of  complex matr ices.  The appl icat ion of  th is technology to 
mult i -parametr ic s ingle ce l l  analys is br ings robust and re l iab le 
analyt ica l  per formance to a powerfu l ,  enabl ing new appl icat ion.



Familiar workflow,
more data 

Sample Preparation

Sample Processing

Data Analysis

Introduce individual samples into the CyTOF® Mass Cytometer 
(similar to a flow cytometer)

Collect data.
(Analyzes 105 cells in four minutes, regardless of

the number of tag elements.)

Raw data is processed to give a signal strength for each analyte 
represented by both an integrated analog intensity value and an 
integrated number of counted ions. Data output is similar to a 

typical  flow cytometry experiment and can be exported as text 
and FCS3.0 formats to be fully compatible with flow cytometry 

data processing software.

Cell Surface
Immunostaining
Incubate cells with

metal tagged antibodies

Wash

Fix Cells
 

Incubate with a 
metallointercalator2

Wash

375 pc 

375 pc 

375 pc 

375 pc 

375 pc 

Intracellular
Immunostaining

Fix cells

Block non-specific
binding groups

Stain with metal
tagged antibodies

Wash

Fix Cells 

Incubate with a
metallointercalator

375 pc 

375 pc 

375 pc 

375 pc 

375 pc 

1 2



Simple, highly multiplexed   
single cell analysis
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Up to 100 independent
detection channels 
The unique mult ip lex analys is capabi l i ty 
of  the CyTOF® system is a l ready enabl ing 
new ins ights into the funct ional  complex i ty 
of  b io logica l  systems at  the s ingle ce l l 
leve l .  A recent example publ ished in 
Science3 descr ibes how the technology 
was used with an immunophenotyping  
panel  31 labeled ant ibodies to prov ide a 
uniquely deta i led v iew of  ce l l  d i f ferent iat ion 
in the human hematopoiet ic system. 
The CyTOF technology current ly  enables 
analys is up to 100 stable isotope labels in 
a s ingle sample.  Current ly,  DVS Sciences 
Inc.  prov ides label ing k i ts for  33 d i fferent 
meta l  tags and wi l l  increase the range 
in the future to fu l ly  ut i l ize the mult ip lex 
detect ion capabi l i t ies of  the instrument. 
Because the mass spectrometer prov ides 
at  least  3 orders of  magni tude resolut ion 
between adjacent detect ion channels, 
compensat ion is  not requi red. Addi t ional ly, 
the sensi t iv i ty  is  pract ica l ly  the same 
across a l l  channels measured and as a 
consequence, the combinat ion of  labels 
used in an exper iment can be essent ia l ly
arb i t rary.  Designing exper iments is  s imple 
whether you are us ing as l i t t le  as a s ingle

labeled ant ibody or as many as 33. In 
addi t ion,  wi th effect ive ly no over lap 
between atomic mass s ignals,  inherent 
compensat ion problems are complete ly 
e l iminated. For the f i rst  t ime, complex 
mult i -parametr ic cytometry is  wi th in easy 
reach of  any l i fe  sc ience laboratory.

In contrast ,  the l imi tat ions of  f luorescence 
s ignal  over lap s igni f icant ly  restr icts the 
number of  s imul taneous probes that  can be 
used, especia l ly  when prote ins are present 
at  very d i fferent concentrat ions. 

138-178 segment of mass spectrum for a homogeneous sample of several 
enriched isotopes of lanthanides. The complete separation of detection 
signals allows selection of any combination of labels to be used in multiplexed 
single cell analysis.



Robust and reproducible
performance

%, without RBC & debris

CD14
CD45
CD66
CD4
CD16
CD8a
CD20
CD11b
HLA-DR
CD13
CD15
CD45RO
CD3
CD33
CD38
CD19
CD56
CD44
CD45RA
lr 191
lr 193

Tm169
Tb159
Dy164
Nd142
Nd144
Nd146
Gd156
Gd158
Er166
Er170
Sm147
Sm152
Pr141
Ho165
Yb171
Yb176
Eu151
Eu153

Reproducibility between
samples, between systems 
The use of  atomic mass spectroscopy is 
wel l  establ ished in the f ie ld of  e lementa l 
analyt ica l  chemistry and the CyTOF® 
instrument wi l l  de l iver  robust and 
reproducib le per formance f rom the f i rst 
day of  insta l lat ion in your laboratory.  Data 
generated is  h ighly reproducib le wi th a low 
coeff ic ient  of  var iat ion between technica l 
repl icates,  between systems and between 
users.  This character ist ic makes i ts  use 
part icu lar ly  wel l  su i ted to mult i -s i te or 
longi tudina l  studies.

Seven aliquots of CB were analyzed on seven consecutive days. Ten gated 
populations were established based on the markers listed.

In the example above, flow cytometry and mass cytometry were compared using 
the same affinity probes on the same cell samples. The data generated on each 
platform generally agrees with published literature for  CD45 expression values on 
normal lymphocytes. A key component in mass cytometry quantification system 
is the accurate determination of the number of metal atoms attached to each 
antibody molecule. Utilization of multiple lanthanide labeled antibodies is robust 
because no compensation matrix is required.

300,000

200,000

100,000

Sample #1 Sample #2 Sample #3

CD45-AF700 ABC by Flow Cytometry CD45-AF700-Tb ABC by Mass Cytometry

CD45 ABC Summary

CD45-AF700 ABC

CD45-AF700-Tb ABC
by Mass Cytometry

by Flow Cytometry 215,447 177,569 269,865 220,960 37,881

Sample #1 Sample #2 Sample #3 Average Std Dev

189,050 209,615 187,245 195,303 10,147

Absolute quantification of 
target molecules 
The CyTOF instrument offers the speci f ic i ty, 
dynamic range and quant i tat ive capabi l i ty  of 
atomic mass spectrometry in a format that 
is  fami l iar  to f low cytometry pract i t ioners. 
The quant i tat ive aspect of  f low cytometry is 
current ly  underut i l ized pr imar i ly  due to 
absence of  independent quant i tat ive 
analyt ica l  methods and lack of  standard 
mater ia ls .  Mass cytometry offers a unique 
opportuni ty to s imul taneously analyze more 
subt le quant i tat ive changes in int racel lu lar 
and membrane bound prote ins wi th in 
complex cel l  populat ions. 



Proven technology,
novel application     

CyTOF® Mass Cytometry
The CyTOF instrument is  based on the 
appl icat ion of  robust and proven atomic 
mass spectrometry uniquely appl ied to 
s ingle ce l l  analys is.  Samples conta in ing 
meta l- labeled cel ls  are int roduced 
indiv idual ly  into an Induct ive ly Coupled 
Plasma, were the cel ls  are atomized and 
ion ized. The atomic ions are extracted 
into the ion opt ics and t ime-of- f l ight 
regions where they are separated by mass 
and counted. The e lementa l  s ignature 
of  the cel l  inc ludes the e lement tags 
introduced with the ant ibodies and 
meta l lo intercalators.  The presence of  the 
tag e lement indicates that  the ant ibody 
found and bound the target b iomarker,  
and the intensi ty of  the s ignal  is  d i rect ly
proport ional  to the number of  ant ibodies 
bound per ce l l  (ABC).  The e lementa l

composi t ion of  each cel l  is  separate ly 
analyzed. In a typica l  ce l l  analys is 
exper iment,  four minutes of  raw data 
col lect ion is  suff ic ient  for  analys is of  105 
ce l ls  independent of  the number of  tag 
e lements.

I t  is  important to note that  ce l ls  wi thout any 
tagging elements cannot be detected by
mass cytometry: Only element tags can 
be registered with h igh sensi t iv i ty  and 
speci f ic i ty,  and therefore there is  no “auto-
f luorescence”- l ike effects.  E lementa l  tags 
are chosen f rom rare e lements whose 
natura l  concentrat ion in a b io logica l  sample 
is  below the detect ion l imi t .  Unsta ined cel ls 
are “ t ransparent”  to the mass cytometer.  A 
complete descr ipt ion of  the instrument can 
be found in Bandura et  a l ,  20094.

Data acquisition process in the mass cytometer. The cell is atomized and ionized in the argon plasma forming an ion cloud, which is sampled through the vacuum 
interface. Mass detector (time-of-flight mass spectrometer) repeatedly registers a mass spectrum which includes a continuous range of masses with all tag 
elements. The intensity of each transient mass signal is tabulated separately as a function of time. The integral intensity over the cell duration (the antigen signal) 
is  transferred into final FCS 3.0 file format.
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MAXPAR® Antibody 
Labeling Kits

Rapid, easy preparation of
labeled antibodies
MAXPAR label ing reagent k i ts for  33 
d i fferent meta ls are avai lable f rom DVS 
Sciences Inc.  for  preparat ion of  labeled 
ant ibodies or int racel lu lar  prote ins.  Ki ts 
are opt imized and qual i ty  contro l  tested 
for  use with the CyTOF® instrument and 
are avai lable in pack s izes suff ic ient  to 
label  100ug or 1mg of  ant ibody.  Label ing 
methods are s imple and convenient and 
require only 2.5 hours to complete.  The 
label ing k i ts ut i l ize a t radi t ional  approach 
of  adding a meta l  tag us ing d isu l f ide 
reduct ion ( typ ica l ly  in the Fc region of
the ant ibody)  through a male imide 
l inker.  Labeled ant ibodies are stable for 
approximate ly 6 months af ter  preparat ion.

Antibody conjugation
to MAXPAR metal tag

Everything you need
at your fingertips

A – Lanthanide loading of metal-chelating polymer in  3K MWCO  spin filter.
B – Antibody reduction with TCEP in 50K MWCO spin filter. 
C – Incubation of metal-containing polymer tag with reduced  antibody in  
      the 50K MWCO spin filter.
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Customer  Support
DVS Sciences Inc. is fu l ly committed 
to the success and sat isfact ion of i ts 
customers and to support the use of the 
CyTOF® instrument to enable new insights 
and discover ies in the l i fe sciences. Each 
system purchase includes a site instal lat ion 
guide, instrument instal lat ion and test ing, 
extensive user training, and a twelve month 
warranty. DVS Sciences f ie ld service is 
readi ly avai lable to customers in the event 
that instrument service is required. 

This brochure may descr ibe certa in appl icat ions that  are the subject  of 

research by customers.  The products descr ibed here in have not been c leared 

by the US-FDA or any other regulatory agency for  d iagnost ic or  other c l in ica l 

use.  DVS Sciences Inc.  does not se l l  or  promote i ts  instruments or  other 

products for  d iagnost ic or  other c l in ica l  use.  DVS Sciences Inc products are 

for  research use only and are not intended for  d iagnost ic procedures. 

CyTOF and MAXPAR are registered t rademarks of  DVS Sciences Inc. Autoimmunity
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DVS Sciences, Inc.
http://www.DVSsciences.com
Tel:  +1 905.513.1704
Email :  sales@DVSsciences.com 


