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Biology Research

Key Modern Technologies

In-vivo cytometry,
Flow cytometry, Cell imaging,

Information from Cytometric Single Cell Analysis

* Cell-concentration * Subset fractions
* Cell size * Cell shape

* Cell arrangement in clusters

* Mass of multiple cellular components per cell

* Distribution of component mass in subsets

* Temporal change of the above parameters




Why Subset Specific Analysis
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Why Single Cell/Particle Analysis

Intensity Histogram for Single Particles ~ Intensiy per Sample
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Cell by cell intensity analysis detects
population heterogeneity.




Flow Cytometer Components
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Dichroic filters vs. Multispectral cytometry: Feher K et al.(2016) Cytometry 89A: 681-9



Mass-Label Cytometer (CyTOF)
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Imaging Flow Cytometers
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Spatial information is contained in frequency domain of

_ _ fluorescence signal
More info: Barteneva N.S. et al. (2012) Journal of Histochemistry & Cytochemistry 60: 723ff



Chip Cytometry
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Flow Cytometry

Numbers in Memory

Basic Data Processing

Digital microscopy
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for >2 parameters: gating, cluster analysis, ...

For many samples and parameters: bioinformatics
N. Aghaeepour et al. (2013) Nature Methods 10:228ff
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Instrument Evaluation

Br, Qr

Br, optical background Qr, photon detection efficiency
from
 Free antibody/ Population Popalation
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Spectral Overlap and "Compensation”

(not very relevant for element mass cytometry)

Calculation of concentrations
from optical/mass intensities
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(in spectral cytometry generally %
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Optimizing cytometry measurements
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Label Selection

Detection System Stain index
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Multi-parameter Fluorescence Cytometry
Points To Consider

e Know your instrument status e.g. Qr & Br for different
channels

e Use high enough gain settings to maximize
SensiItivIty (check to avoid off-scale events)

e An antibody/dye combination with poor
separation in a single color assay will not work
for a multicolor experiment.

e Avoid spillover from bright cell populations into
channels requiring high sensitivity

e Beware of tandem dye degradation
e Internal controls are essential



Quantitative Multi-color Microscopy

Additional factors

— Field to field focus
— Photobleaching

Differential Photobleaching in Multiply-Stained Tissues

Out of Focus

Images from

http://micro.magnet.fsu.edu/
primer/index.html




Cell Sorting

Technologies
« FACS

e Tyto/OWL
 DEP sorter
* Other sorters

* Bulk Sorting
* Magnetic
* Gravity
« Acoustic

Arnold LW, Lannigan J (2010)... Cell
Sorting. Curr Prot Cytom, pp.1-24

Application Examples
e Chromosomes

« Cloning

e Strain Improvement
e (Genomics

* Proteomics



Evaluating Cell Sorting Performance

posFraction = posYield
posFraction* posYield + negFraction » negYield

° Purlty, YlEId Purity =

http://www.desatoya.com/PostersAndPresentations/SortingPerformanceEvaluation2016Feb.pdf

__ % neg. cells in orig. sample
" % pos. cells in orig. sample

% pos. cells in pos. fraction
% neg. cells in pos. fraction

Enrichment rate (f X
+ Fe Fd (te)

. __ % pos. cells in orig. sample % neg. cells in neg. fraction
Dep letion rate (fD) " % neg. cells in orig. sample % pos. cells in neg. fraction

“Mikent S, Scrmilz 2. High Gradlient Magnesc Cell Somng, pages 2158 in Radbruch A (Ed ) Flow Cytometry and Cel Somng. 2rd edition Spanger Lab Manual 19599°

Miltenyi S, Schmitz J (1999)

e Rmax General Eq. Simplified Eq. (Purity=100%)
Cnt _ Ont
C Ot Ont Ct
Rmax = Rmax=1- —-—
Cnt _ Snt Ot Cnt
Ct St

Riddell A et al. (2015) Methods 82: 64-73

Riddell A et al (2015)



Conclusions
Multi-parameter cytometry

Optimized flow and imaging single cell
cytometry with adequate bio-informatics
tools provide quantitative molecular
measurements into biological processes at
organism, cellular and sub-cellular levels.

Many systems isolate selected single cells.

New developments in many areas provide
more tools for cytometry.

More info: Bendall SC et al. (2012) Nature Biotech. 30:639-47
Maecker H, Trotter J (2011) Multicolor Flow Cytometry Application Note




Applications

Multi-parameter immunofluorescence (antibodies)
Multi-parameter gene expression analysis (NA probes)
Cell cycle analysis (high resolution FCM, imaging, BrDU)
Molecular clustering (fluorescence energy transfer FRET)
Kinetics (population-based flow cytometry, single cell by
Imaging; Ca++ flux, enzyme activity, cell proliferation)
Receptor ligand binding (by quantitative fluorescence)
Single Cell Sequencing (single cell sorting, PCR amplif.)
Particle-based assays (Luminex-type multiplexed assays)
Rare Cell Research (more on next slide)



Rare Cell Analysis and Sorting

Examples CD34, AC133, antigen specific cells, CTCs

* Poisson count statistics

 Population Separation

* Bulk pre-enrichment or

enrichment sorts

MACS up to 1000fold

parallel sorting: enrichment
fast, one parameter
FACS up to 1000fold
serial sorfng: enrichment
slow, many parameters

cloning or PCR

D up to 100fold -
identification and % enrichment
characterisation. .
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Fluorescence Resonant Energy Transfer (FRET)

Energy transfer
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In-vivo Single Cell Analysis

* Intra-vital Imaging
 In-vivo Flow Cytometry

Conventional Photoacoustic lymph
flow cytometry ex vivo flow cytometry in vivo
Coaxial , Cells with _ Cells with
tubes fluorescent dyes nanoparticles

Lasers

| _ T ;
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|
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. organism S » ik 4
l Apoptotic cell l Apoptotic cell
Artificial K& Natiral »
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V.P. Zharov group, http://lwww.mdpi.com/2072-6694/5/4/1691



Intra-vital Imaging

tions to Circulatin
Heating Pad Connection 9

Two-photon laser scanning microscopy e e
Raman (SERS and CARS microscopy)s R —
Positron emission tomography /—— e

50mm Coverslip Bottom Dish
(filled with normal saline)

Ultrasound, x-Rays

Dunn K.W, et al,
ajpcell 00159,2002

Issues:

* tissue optics
object motion
flow rate
labeling

Herz et al.(2011) J Neuroinflamm. |8:131

Recent review of in-vivo microscopy: AndresenV, et al. (2012)
High-Resolution Intravital Microscopy. PLoS ONE 7(12): e50915



Label-Free Cytometry

Impedance
Optical trap RAMAN
RAMAN imaging

o Autofluorescense
 Light Scatter
« Optical trap RAMAN
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Laser Trapping of ,
Single Exosomes

Single Exosomes
Smith, Zachary J., et al. (2014) J. extracellular vesicles 4: 28533-28533.
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New Bright Dyes
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New Detector-Label Combinations

e New photodetectors
extend the available
spectrum
(Si avalanche photodiodes

extend detection into the far
iInfrared)

e New dyes add excitation
In the UV, some
detection in the IR

(Fluorescent polymers,
bacteriochlorins, ...)

quantum efficiency (%)

100 ___

somtassaer PINLE \
APD

———————— photodiode =
0.1 http:/iwww.hamamatsu.com/
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Novel Affinity Reagents

Antibodies Synthetic affinity reagents

» Antibodies from different species e+  Aptamers
(e.g. Llama 15 kDalton fragments

10-°M Kd and high stability, ’ Protein scaffolds

potential for intracellular use) e  Molecular Imprinted Polymers
* Recombinant antibody fragments ,
. Fodey T et al; Trends in Anal. Chem. 30(2011) 254ff
(n0 FeR block (nc,FeR block (no FeR block
. F Fc-receptor binding:
2 8 CD158a-PE on PBMC

Source: Dr. Christian Dose, Miltenyi Biotec



New Detection Technologies

High spatial resolution and
multi-parameter capability with s
X-ray / synchrotron radiation
fluorescence

(super-high resolution with element e
labels or direct element imaging)
Medium resolution, multi-
parameter mass spectrometric
Imaging

(CyTOF like element labels, direct

metabolite or structural component
detection) J

Label-free imaging with Raman

(measuring cellular components by
their Raman spectra)

Label-free medium resolution
NMR Imaging
(direct chemical detection)

m 4,536 £ 0.00

z~ % 0% miz = 732,567 2 0,008
Schober Y et 8l (2012) Anal Chem 84, 62934



Conclusions
Evolving Technologies

Technology developments in algorithms,
computing, detectors, electronics,
nanotechnology, microfluidics, organic
chemistry, and recombinant protein technology
create the basis for new reliable analytical
approaches for a deeper molecular
understanding of living systems.

There iIs value in working with other scientific
disciplines.
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