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Every tissue is
heterogeneous
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Mass Cytometry: 50+ Parameters on
Millions of Cells

Discovery of new biology Basic research
Comprehensive functional profiling Drug discovery

Clinical research
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Metals Panels Resolution Channels Cells
>50 tags 42+ markers  1Da 135 Millions
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Cell

An Immune Atlas of Clear Cell Renal Cell Carcinoma

Graphical Abstract

Mass cytometry analyses
-
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Authors
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Jacob Harrison Levine,

Vito Riccardo Tomaso Zanotelli, ...,
Bemnhard Reis, Dana Peer,
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TAM population correlates with Immune landscape structure
exhausted T cells correlates with clinical data

com: 5

Epens | [0
o X a0 Beea il L

Highlights
» Mass cytometry reveals the immune cell diversity of the
ccRCC tumor ecosystem

« PD-1" cells display heterogeneous combinations of
inhibitory receptors

» CD38'CD204°CD206" tumor-associated macrophages
correlate with immunosuppression

* Aspecific i i is linked to shorter
free survival

Chevrier et al., 2017, Cell 169, 736-749

@u---wn May 4, 2017 © 2017 The Author(s). Published by Elsevier Inc.

hitp://dx.doi.org/10.1016/1.cell. 2017.04.016

bernd.bodenmiller@imis.uzh.ch

In Brief

Applying mass cytometry for high-
dimensional single-cell analysis depicts
an in-depth atlas of the immune
microenvironment in clear cell renal cell
carcinoma patients, thereby linking
immune compositions with clinical
features.
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Population identification and statistical analyses
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Single-Cell Trajectory Detection
Uncovers Progression and Regulatory
Coordination in Human B Cell Development

Sean G. Bandall,'-% Kara L Davis, ' El-ad David Amir.%” Michalle D. Tadmor, Erin F. Simonds, Tiffany J. Chen, 5
Daniel K. Shenfeld,* Garry P. Nolan,'** and Dana Pe'er'"
*Bater |

Immunalogy, Stanford Universky, Starford, CA 94305, USA
Stantord, CA 84305, USA

SHematology and Oncology, Department of Pediatrics, Stanford Univarsity, Stanford, CA 92305, USA.

Biology, Hew Yark, NY 10027, USA

“Program in Biomedical Informatics, Stanford Universily, Stanford, CA 94305, USA
Stanford, GA 34305, USA

7Co-tist authors
*Co-senior authors

o 2du (GP.M), gy.columbia.edu [D.P)
ttp /i coi.org/10.1016/] cell 2014.04.005
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Cell Stem Cell

A Continuous Molecular Roadmap to iPSC
Reprogramming through Progression Analysis
of Single-Cell Mass Cytometry

Eli R. Zunder,’+* Ernesto Lujan,*** Yury Goltsev," Marius Wernig,? and Garry P. Nolan-*
"Department of Microbiology and Immunology, Baxter Laboratory for Stem Cell Biology

2Department of Pathology, Institute for Stem Cell Biology and Regenerative Medicine

3Department of Genetics

Stanford University School of Medicine, Stanford, CA 94305, USA

“Co-first author

*Correspondence: gnolan@stanford.edu

http://dx.doi.org/10.1016/j.stem.2015.01.015
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Mass Cytometry Research

Applications Research areas

Phenotyping

IMMUNOLOGY
Signaling and transcription

Click to
CLINICAL

TRANSLATION learn
more

Cytokines and growth factors

Cell death and apoptosis

STEMCELL
Cell cycle and proliferation




Mass cytometry publication ramp

Peer-reviewed publications®

300

250

®New publications 200

=Ramp 150

100

50

2007 2008 2009 2010 201 2012 2013 2014 2015 2016 2017*

*Does notinclude commentaries or reviews **As of July 15, 2017



Impact

Cell/Science/Nature/PNAS

CyTOF’
Figures

Mass cytometry is responsible for breakthrough discoveries,
published in top tier journals.
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Not rare, radioactive or biological



Utilizing the power of the atomic spectrum

a) MaxPar Reagents
1000s of kDa

R

. Mass cytometry elements: the stable isotopes of these 24 elements

provide over 50 unique tags for use in mass cytometry experiments.



Utilizing the Atomic Mass Spectrum
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. Mass cytometry elements: the stable isotopes of these 24 elements

provide over 50 unique tags for use in mass cytometry experiments.
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Utilizing the Atomic Mass Spectrum

1 2

H He

3 4

u e
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active transport
(slow)

. Mass cytometry elements: the stable isotopes of these 24 elements

provide over 50 unique tags for use in mass cytometry experiments.



Utilizing the Atomic Mass Spectrum
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. Mass cytometry elements: the stable isotopes of these 24 elements
provide over 50 unique tags for use in mass cytometry experiments.
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Utilizing the Atomic Mass Spectrum
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. Mass cytometry elements: the stable isotopes of these 24 elements

provide over 50 unique tags for use in mass cytometry experiments.
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Utilizing the Atomic Mass Spectrum

Remaining
Panel Cell-1D Other
« PBMC Phenotyping Kit (17) - Barcoding (6) New Tags Under R&D (...)
« Cytokine kit (1) « DNA (3)
- Additional targets (9) « S-phase (1)
- 3 Party Metal labeled . Dead cell (2)

Antlbodles (5)




Atomic mass spectrum

Ho| [Er|TmMm Yb Ly

Pr Eu

intensity

138 143 148 150 153 159 164 169 174 175

Mmass

* Abundant tags of similar intensity

Discrete signals: minimal overlap (fewer controls to run)

* Zero background cellular signal




Mass cytometry acquisition
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Helios overview

3. Time-of-flight (TOF)
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Sample Introduction
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Sample introduction

Heater
Module
To torch Nebulizer
< Spray Chamber
— Mebulizer
Pl e
Make-up cable

gas l

To Instrument
Cover



Sample introduction

-
-
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Nebulizer  Spray Chamber, 200° C
Liquid Cell
Suspension ' 9 To ICP torch
30 ul/mtL
Nebulizer Gas  Make-up Gas
~0.3 L/min ~0.7 L/min
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e ——— ¢
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Inductively coupled plasma (ICP)
RS ASETE

Torch RF Load Coil Plasma

From ‘ S,
B — To
> S —— $
Spray **“ | , Interface

Chamber

Vaporization Atomization lonization

Electromagnetic energy generated by the RF load coil surrounding the
quartz torch sustains argon plasma (orange) that vaporizes, atomizes, and
ionizes individual cell aerosols from the spray chamber. The positive ion
component of the cell-derived plasma cloud enters the ion optics and mass

analyzer chambers of the Helios through the interface.



Plasma is the Fourth State of Matter

@ = atom
® = nucleus
® = electron

(o) @@
@@@@@
@t

Solid

Liquid

Gas Plasma

Energy (Heat or Electrical)

A gas consists of single atoms

Each atom has a positively charged
nucleus surrounded by negatively
charged electrons

Applying energy causes the negative
electrons to overcome the pull of the
nucleus

A plasma ‘soup’ is formed consisting of
free electrons (- charge) and free nuclei (+
charge).



Inductively coupled plasma (ICP)
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Plasma generation

* Argon gas flows through the torch

 Energy is applied to the argon gas by the ignition
pin and by inductively heating the gas within the

load coil

* The argon gas is converted into high-temperature
plasma consisting of a mixture of argon atoms, free

electrons and positively charged argon ions




lon Guide with High Pass lon optics
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Helios plasma-vacuum interface
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Helios plasma-vacuum interface

* Cones cooled by the chiller

* ‘Dirty’ cones reduce sensitivity

 Cones become dirty from
plasma exposure, not only
from running cells

lonized cells
I\
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RF load coil \\
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lon guiding of low-mass ions below 80 Da

Quadrapole High Pass lon Optics

* Quadrapole Deflector

Eliminates non-ionized particles and

photons

* Quadrapole High Pass lon Optics

Eliminates ions with a mass below

75 Da, e.g. H+, C+, O+, N+, OH+,

CO+, O2+, Ar+, ArH+ and ArO+
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TOF lon separation and detection
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TOF separation of ions t=ty+ A
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TOF separation of ions

Helios ionizes each cell and separates tags with 1 Da resolution.

Detector

135 channels (75-209 Da range) to measure all existing tags and more to come...



Pushes vs TOF

Pushes: 13 psec slice of the ion stream entering the ToF chamber

TOF: Separation of ions within a push by mass

TOFinns »
9,000 9,500 10,000 10,500

1
Pushes : : ‘

o~ W N
oo 00 00 &0



Tuning solution: metals in liquid
suspension

Pushes (13 psec time slices) Time of Flight (nsec)
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Journey of the cell: outline

INPUT = Cells in liquid suspension stained with metal-conjugated probes
OUTPUT = Individual metal ions separated on the basis of mass

The Helios achieves this through the following steps:

1. Sample introduction and ionization ( _EHFIEF )
PURPOSE —introduction of cells; to strip water from the cells followed by
vaporization, atomization and ionization within the plasma

2. lon Guide with High Pass lon optics ( BFIZE )
PURPOSE - to filter out unwanted endogenous low mass ions and argon

3. Time of flight ion separation and detection of metal probes ( TOF{&
il )
PURPOSE - to separate the smallest from the highest mass ions; the
time taken to reach the detector being proportional to mass



Simplify the
complex quest to
understand and

apply biology.
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