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Presentation Outline

Technologies for Biology Research

Flow and Image Cytometry Basics
Examples from Genomics and Proteomics
Optimizing Multi-Parameter Experiments
Additional Considerations for Imaging
Intra-vital Microscopy

In-vivo Flow Cytometry

Evolving Technologies



Biology Research Targets and Tools

Organism NMR Contrast agents
X-ray imaging Affinity reagents

Organ Ultrasound - antibodies
2-photon imaging - probes

Tissue In-vivo cytometry ~ Enzyme substrates
Light microscopy ~ Labels

Single Cell Electron microscopy - absorbance
Flow cytometry - fluorescence

Organelle Cell imaging - element tags

NA sequencing
Macromolecule Mass spectrometry

TIRF microscopy
Small molecules Electrophoresis Sample prep



Single Cell Analysis
Microscopy and Flow Cytometry




Cytometry Basics



Physical parameters

_ight scatter ]
~luorescence -
Phosphorescence .

Raman N
Element mass o

Electrical properties
e.g. Iimpedance

o™~ O ~ O O N O - 9
8838583332888 ¢8¢88¢F2¢
wavelength

http://www.dvssciences.com/technical.html



Flow and Imaging Cytometry Features

Single patrticle (cell) analysis with

Measurement of adherent cells |
Good ease-of-use F,(I)

e High sensitivity (single molecule sensitivity by fluorescence) |,F
e Wide dynamic count range (103to 10’ cells mL1) F
e Particle sizes from 0.2 to 20 microns |,F
e High analysis rates to ~10° particles sec F
e Direct size and 3D spatial information I

e Multi-color fluorescence, multi-parameter analysis F,l
e Wide dynamic range for fluorescence (10°) F
e Direct kinetic measurements I
e Viable cells can be re-covered F,.(D
o

®



FACStar PLUS SORTER
OPTICAL DIAGRAM
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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



Biolnformatics
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Single Cell Genomics
ia';.,

53/_6 .

|| droplet

Single cell microarray analysis
Merge Amplification Sort & dispense into

L) ) l’ reagel'lts individual wells | = h@ Targeted enrichment
. & k%h (RDT1000)
= = Fe L)
S i ) D ; —
% ; i ncin

Source: Raindance Technologies

Single cell analysis reveals heterogeneity,
which Is masked by averaging, when
analyzing groups of cells.

Source:
http://www.nanostring.com



Sorting for Cell Surface Proteomics

Cell surface proteome by FACS sorting,
followed by LC MS SiA
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(in collaboration with Thermo Finnigan, San Jose, CA) £ |
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purity after sorting for CD4- and CD8-positive cells. CD4 cells were gated on scatter and FITC
fluorescence; CD8 bright cells were gated on scatter and RPE fluorescence. Sorted populations
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Optimizing Multi-Color
Experiments

Population separation

Brand Qr

Data Display

=
10° 10' 102 10° 10°
FL2 "Dim" CD4 PE

Controls

Microscopic Imaging



Instrument Evaluation Br

Relative B (Br) is a measure of true optical background in
the fluorescence detector.

_, Scatter from the flow

Unbound antibody . o
- . cell and ambient light.

or fluorochrome

.« —— Raman scatter

Spectral overlap < A » Cell
on a cell T autofluorescence




Filter Arrangement and Spectral Overlap
(not relevant for element mass cytometry)
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Instrument Evaluation Qr

Negative Positive
Population Population

+:
' » Good resolution

~ Poor resolution # photoelectrons

# fluorescence molecules

+ Poor resolution

High Qr Low Qr

128
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Events
Events
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Optimizing cytometry measurements (l)

e Background light

Stain index
e The total measurement SD is the sum of the Reagent . .
error contributions from all sources: Med;umm — Med;ummg

performance 245D,

a singfe detector the SD is additive:

v Q2 v7y 2 17y 2
optical — \/bDPE + ‘SDHTC + SD

background

e Dye properties 2
: .| CD45-FITC ”
(brightness and 22! Dim CD4-PE & Compensated data
spectral overlap) S g
g" 3. % L%
g L “10° 10" 107 _10° 10°
10° 10" 102 10° 10° FL2 "Dim" CD4 PE
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- .| CD45- PerCP o
next slide: o8l o Better
. O o .
e (ain (PMT, CMOS, CCD) 28 , 5 separation
settings 5 ;@ @ with less
e Data Display | '@ e T spectral
e Controls e e T 2 FL2"Dim" CD4 PE overlap.

CD45 PerCP



Optimizing cytometry measurements (ll)

e Gain (PMT, CMOS, CCD)
settings

e Data Display

10

CDBAPC-Cy7-A
CD8APC-Cy7-A
10°

10’

10 10
CD4 APC-A

APC-Cy7 Area

All populations
align correctly

’ APC Area

CD4 APC-A

e Controls
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CD4 FITC-A

Setting Gates and Markers
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Adapted from: Maecker HT 2006, Cytometry 69A, 1037ff




mCD1d PBS57 Tetramer

Use of Brighter Labels

BvV421 | PE |, Pacific Blue

M

CD3 FITC



http://www.biolegend.com/brilliantviolet

Cell Counting (abs. counts or percentages)
Counting Statistics

Sample 1|Sample 2 [Sample 3 |Sample 4
100
90 -
6 2 6 8 %0 |
1 3 5 3 60 -
1 4 5 6 &V lsg -
1 4 6 3 40 -
30 -
Mean 2.4 4 4.6 5.2 20
St.Dev 2.2 1.9 2.1 2.2 N
0 1 2 3 4 5
Overall Mean 4.1 log(number)
St.Dev 2.2

Ignoring Counting Statistics Can Lead to
Erroneous Conclusions



Multi-parameter Fluorescence Cytometry
Summary

e Know your instrument status e.g. Qr & Br for different channels
e Use high enough gain settings to maximize sensitivity

e An antibody/dye combination that marginally allows
discrimination of positives/negatives in a single color
assay is unlikely to contribute anything helpful in a
multicolor experiment (adequate use of dim and bright labels).

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

e Beware of tandem dye degradation
e Internal controls are essential

e Use a gate and marker approach consistent with your
experiment objective

e Keep counting statistics limitations in mind



Quantitative Multi-color Microscopy (1)

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




Quantitative Multi-Parameter Microscopy (ll)

Topview Line profile through A

a2
o e ® A
Selected capabillities R v V V
) E '
— Intensity calibration by ™ |
] Verwer, Phi, Recktenwald
volume exclusmn —O O O ) 1993; JPC 97,2868-70

— Single molecule
observation

— Low complexity, low

resolution cytometry
(Shapiro H, “Cellular Astronomy”)

Single m-RNA
molecule analysis.
Robert H Singer’s
group, Nature S&MB
2008




In-vivo Multi-parameter Cytometry
Single cell analysis in living animals

Hand
: Laser

‘.

. — \

Acoustic
- \waves

Issues:
* tissue optics
object motion

//u « flow rate
Y/ , « Labellin
_ Scattering 4 )
O -WBC J ‘J; /Thermal .

e -RBC  Fluorescence waves

O - Abnormal cell Raman

Transmltta nce
Tuchin VV et al: Cytometry 79A (2011) 737ff



Intravital Microscopy
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naive in EAE Th17 in EAE

Figure 1 Intravital imaging reveals high motility of naive CD4+ T cells in the inflamed CMS. Mafve OT2 EGFP T cells were intravenously
injected into EAE affected mice at the paak of disease (clinical score 25) or locally applied anto the imaging field. Intmvital TPLSM on the brain
stem of these mice was performed 12 - 24 hours after naive T cell injection or 30 minutes after local application. Adoptive EAE was induced by
transfer of in vitro genemted encephalitogenic 2d2 Th17 T calls into C 5 RAGT+~ mice. (A) T cell phenotype of MACS isolated naive T cells
was confimmed by FACS analysis prior to expeiments. Surface antigen expression of CO62L, C025, CDE9 and C0494 was determined on COd+
lymphocytes. (B) A representative time lapse series derived from intravital TPLSM demonstrates rapid movement of naive T cells deep in CNS
tissue (100-150 pm). Two cell fracks are shown scemplarily by white arnows. For further details see also Additional File 1 (Scale bar 10 pmy). (C)
Cell track velocities of naive OT2 (N = 212) and effector 2d2 Th17 (N = B7) cells at the peak of disease in the inflamed CNS were quantified. The
mean track velocities from 4 independent experiments are shown (£ 50). (D) Contacts (amowheads) between encephalitogenic 2d2 Th17
effector T ; (EGFPgreen) and naive OT2 (tdRFP red) could be observed during intravital TPLSM, as revealed by the reconstructed 30 time
lapse series (B0-110 ym). These intemctions were mainly short and mndom like (open armowhead) although some static longdasting contacts
(filled amowhead) could be also detected. (E) To quantify affector-naive T cell interactions we analyse the codocalisation area of EGFP and tdRFP
as prviously described [19). We discriminated shart (random) contacts (< 5 min) from long-asting (most probably non-mndom) intemctions (=
5 min) and observed that B1% + 14 formed shor interactions with effector T cells (white bar) and 19% + 14 (gray bar) formed longdasting
interactions. Data are shwon as percentage of all contacts from two independent experiments (+ 50).

Herz et al. Journal of Neuroinflammation 2011, 8:131
httpyfwww jneuroinflam mation.comy/content/8/1/131



Conclusions
Multi-parameter cytometry

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

New developments in many areas have
simplified the tools for the biologist.



Evolving Technologies
for Cytometry

Multi-parameter cytometry approaches

High speed imaging in flow

Single cell sorting

Low complexity cytometers for cell (subset) counting
“Label-free” cell analysis

Sample preparation micro-fluidics

Fluorescent polymers as labels for high sensitivity

e Affinity reagents (antibodies)



New Developments for in-vitro
Multi-parameter Cytometry

Element-Label Flow

Cytometry (CyTOF,
addresses fluorescence
spectral overlap issue by
using elements as labels,
Anal. Chem., 2009, 81 (16),
pp 6813—6822)

Sequential Stain De-
stain Cytometry
(Cytometry, 2009, 75A(4), pp
362-370)

SERS-Label Flow

Cytometry (uses spectral
fine-structure to distinguish
labels, Cytometry, 2008,
73A(2), pp 119-128)

SONY spectral analysis

80 90

60 element isotope

| | |
100 110 120 130 140
analyte mass / amu

20-markers cr

cp2s \

CD45
Scott Tanner, DVS Sciences Inc

PC3 Scores

31-marker
analysis

Christian Hennig, ChipCytometry
Hannover Medical School



High speed imaging in flow
* ImageStream (EM Merck)

« Bahram Jalali group,
UCLA

h|h||hts alall -4, htm


http://www1.ee.ucla.edu/Research-highlights-jalali-4.htm
http://www1.ee.ucla.edu/Research-highlights-jalali-4.htm
http://www1.ee.ucla.edu/Research-highlights-jalali-4.htm
http://www1.ee.ucla.edu/Research-highlights-jalali-4.htm
http://www1.ee.ucla.edu/Research-highlights-jalali-4.htm
http://www1.ee.ucla.edu/Research-highlights-jalali-4.htm
http://www1.ee.ucla.edu/Research-highlights-jalali-4.htm

Slngle CeII Sorter with Microscopic

Cells are transferred to

a special slide with 40,000
“cages”. Cells of interest are
identified by fluorescence
microscopy and sorted by
the instrument.

-

Detection

Cell movement with
dielectric forces.
DEPArray

Silicon Biosystems,
Bologna, IT

1

Inject, frap and
Image cells
B ge

2

Move cells of Inferest
Into parking chamber

3

Move Individual or
multiple cells Into
recovery chamber and
flush



Advanced Single Cell Analysis iIn
Droplets

Generate  Co-Flow Merge Split Merging Single Cell Droplets

Flow

L

H ingle Cell
l Droplet
Library Paired
2 Droplets N
Detect Sort Collect Introduction
| :] Electrodes
Merged{”
Droplets

Source: RainDance Technologies




Low-complexity Cytometers for Cell

Counting
Fluid\in Fluid out
Low-end cell counters 532 nm, 2 mw 7 Singlet
Obj. Obj.  Photodiode

Microfluidic Schafer D et al (2009)
Optics Express 17, 6068ff

neRc

Merck Millipore MUSE™



Label-free Cell Analysis

LEISTER : Axetries Impedance flow cytometry

Bacillus + beads Mrz 23 12.052 MHz

Bacillus
25ﬁceréust‘ &

L : :
e - PR . N
2.0 . IR
A . TP
=] 1547, w 2 +* R +
o S -
o #9,-. .

4umbeads

%N
Ll

+Bacillus spores

¥ amplitude (V)

# amplitude (V)

Marco DiBeradino, Leister Axetris

Electrical parameters of living cells (no label required).

Other parameters: fluorescence polarization, fluorescence lifetime,
compressibility, ...



Innovative Sample Preparation

Microfluidic system

for leukocyte isolation |
(deterministic lateral displacement)

Chip and new blood separation process
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Bright Fluorescent Polymer Dyes

Polymer Based Fluorochromes

m Well defined synthetic organic polymer structures

m Single conjugation site, defined size, etc.

m Backbone comprised of n-conjugated repeat units

m Affords massive light harvesting ( =
materials with high quantum yields

hy hv hv h'.I hw
>l l ‘ \ \\
> 105} ."..-.-".—

m Tunable architecture adapted for low NSB, high
aqueous solubility and spectral performance

Budzi™ FITC
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Brilliant Viclet Tandems

m Provides a wider range of colors
spanning the visible spectrum

B >6 unigque colors validated

m Chemically controlled ratio of
donor/acceptor provides:

MW M W%
t.ﬂf‘—\\irt

; ' m Reproducible performance
E o m Low (<5%) compensation
£ at 450nm
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Brilliant Violet 421™
m PE level performance w/ 405nm Laser
B >10x the Stain Index of Pacific Blue

m Enables detection of low abundance

targets in multicolor assay panels
(e.g. CD56, CD127, etc.)

B Wide range of Ab clones validated

Background/ Pacific Blue Brilliant Violet
Unstained cells anti hCD4 421™ anti hCD4
100 + n
80 +
5 604
=
B
#2
40 4
20 4
0— |'u| L | "1_1'7117'?:' (]
0 10° 10° 104 10°
DAPI-A: CD4

http://www.sirigen.com



Novel Affinity Reagents

« Antibodies

 Antibodies from different species (e.g. LIama 15 kDalton fragments
with 10-°M Kd and high stability, potential for intracllular use)

« Recombinant antibody fragments
« Synthetic affinity reagents

 Aptamers

*  Protein scaffolds

*  Molecular Imprinted Polymers

Recent review: Fodey T et al; Trends in Anal. Chem. 30(2011) 254ff



Conclusions
Evolving Technologies

Technology developments in the physical
sciences provide tools for deeper
molecular understanding of living systems.



Acknowledgements

e Joe Trotter e Holden Maecker, Stanford

e Ming Yan e Bob Hoffman, consultant

e Maria Jaimes e Ken Davis, retired

e Brian Warner e Bill Godfrey, Beckman Coulter
e Ed Goldberg e Brent Gaylord, Sirigen > BD

e Hrair Kirakossian Collette Rudd, Thermo

e Liping Yu

e Mike Brasch

e Ben Verwer

above all BD

Contact
Diether@Desatoya.com Phone: USA-408-658-6074

http://www.desatoya.com

pdf. File of this presentation at:

http://www.desatova.com/PostersAndPresentations/ST Presentations.htm



http://www.desatoya.com/PostersAndPresentations/ST_Presentations.htm
http://www.desatoya.com/PostersAndPresentations/ST_Presentations.htm

