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Quantitative comparison study of flow cytometers
using a novel ultra-stable calibration light source

Konrad von Volkmann, APE GmbH, Berlin

Oral Presentation, Emerging Technologies Session, 26th Annual Conference of the German Society for Cytometry.
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Need for comparison between cytometers

« allow reproducible measurements

« at different times on the same instrument

« on different instruments (same site or at distinct sites)

T. Kalina et al.: EuroFlow standardization ..., Leukemia 26, 1986—2010 (2012)

» System check

« Performance monitoring
 Automated data analysis
« others
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Calibration standards ez [—] o = « =

Standard ways today:
« Comparison is based on the measurements of latex microspheres
« Quality control, instrument characterization (Q & B), instrument setup ...

« Standardized ,,cells®, reproducible and stable
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Limitations of today's standards e ==

« Mainly relative calibration, absolute reference is demanding
(variable gain, light collection, alignment)

« Variation in size due to the manufacturing process
intrinsic CV > 2%

* Variations from lot to lot

« Degradation process, aging: beads get lumpy
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Alternative idea ettt == ) == —

Ein Institut der Leibniz-Gemeinschaft

i 1962 Wiley-Liss, Int, Cytometry 13:822-830 (1952}

Noise, Sensitivity, and Resolution of Flow Cytometers'

Harald B. Steen
Department of Biophysics, Institute for Cancer Research, The Norwegian Radium Hospital, 0310 Oslo, Norway
Heceived for publication January 8, 198Z; II:I:L"]]I:IEI]. Apri] 20, 1992

Cells passing through the laser focus = flashes of light

Detection of light by a PMT
« detection process is governed by Poissonian statistics
 intrinsic broadening of the detected mean value

1 1
CV = \/ v ” Nphoto electrons — ~— __ .

2
photo electrons v

Nohoto etectrons = OP€ (statistical photoelectron estimate)
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Alternative idea

& 1903 Wilew-Liss. Inc, Cytametry 13:822-830 (1992}

Noise, Sensitivity, and Resolution of Flow Cytometers'

Harald B. Steen
Department of Biophysics, Institute for Cancer Research, The Norwegian Radium Hospital, 0310 Oslo, Norway
Heceived for publication January 8, 198Z; n.l:l:l:]:bnd. Apri] 20, 1992
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quantiFlash®: calibration tool for cytometers bl ekt Gl — ] [P ——

Scale calibration in Spe (Statistical
. Why Spe?
Photoelectron Unlt) - Absolute reference

- Independent of gain
- Independent of filters used
- Independent of staining and biology

quantiFlash® LED pulse -> Spe/Ch

Spe = (100/rCV )2 Spe @ constant light intensity
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quantiFlash®: calibration tool for cytometers bl ekt Gl — ] [P ——

Scale calibration in Spe Scale calibration in ABC

. measuring of beads with a calibrated
quantiFlash LED pulse -> Spe/Ch fluorescent dye value -> ABC/Ch

Spe = (100/rCV Quantum™ Simply Cellular® Microspheres

pulse)2

Calculation of Q
Q = Spe / ABC (or MESF)
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quantiFlash®: calibration tool for cytometers bl ekt Gl — ] [P ——

Scale calibration in Spe Sorter 1: FACSAria Il SORP
lasers: 488, 561,

Sorter 2,3: FACSAria |

tiFlash LED pulse -> Spe/Ch
quantirias puise -> Spe lasers: 488, ...

Spe = (100/rCV_c.)?
i bandpass filter

o + Sorter 1
> 0.1 - + e Sorter 2
e | — Sorter 3
[0} 2
O .
£ 0.01 5 b
5 :
G 0.001 - -
o ;
©

0.0001 -

530/30 585/20 780/60

In the PE Channel 585/20 and the PE-Cy7 Channel 780/60 the
improved excitation efficiency leads to a 2-3 times higher detection
efficiency.
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quantiFlash®: schematic setup Syl == Y ==Y ——

1-10ps Fluorescence Channel

)
o A . [ . Fiber out )
scillator + Attenuation [Analog-nght ] ) (SMA)J_

Pulse shaping -96dB max. Conversion —— LED ) |emmm—) T
g : J
& Feedback }
Trigger Channel

Coarse I f Fiber out )
i Analog-Light (SMA)
attenuation

0 ... 100% [Conversion —— LED ]—} L

| T]
\ ' J
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Specifications of quantiFlash® s == I ==Y =
Pulse width 1-10 ps, variable ' 0-
Repetition rate 0.5-20 kHz, variable — — spectrum
Pulse shape variable g d
Pulse amplitude 0..-96 dB E 0-67
Pulse a}n?plitude OV < 0.1% % 0.41
precision 2 0.2
Fiber coupled f-SMA termination - 0.0+ N
rechargeable, 400 500 600 700 800
Power supply wavelength [nm]

USB powered

www.quantiFlash.de 12
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quantiFlash® Software et == I =11 —

Graphical user :
quantiFlash

o FILE HOME SETTINGS HELP
interface S

EVICE InTormation [J]'sconne.:;ted
for Comfortable quantiFlashiD
setup

Parameter
* save/load F—

Autom... Manual

parameter sets e

« API for scripting il
O de @ linear

(based On TCP/IP) Count Rate [events/s]

1000

i easy tO Use Pulse Shape
software and

Pulse Duration [ps]

4.00

firmware upgrades
(,,one-click®)

Trigger Intensity
"

Save as defaults
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Application examples using quantiFlash® it stk il = = ] —

» Scale calibration (channels — Spe)
« Simulating multi-peak beads
» High-quality characterization measurement
» Optimized PMT voltages
» Check of detectors independent of
laser alighment and sample preparat 530,30
» Check of linearity of detectors
» Study effects of pulse shape /
pulse duration
(check doublet discrimination)

» Gerneral alignment tool

St

Simulated 30-peak beads (3 dB intensity steps)
measured on FACSAria I, T. Kaiser / DRFZ

www.quantiFlash.de
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Scale calibration - part I ottt il = I =11 —

Calibrated data to Spe

250K
] MF1, @ 28200 Spe
ZUOK'_ 1

Reference sample of single stained
MFI, @ 7300 Spe

CD4-PE human PBMCs measured on
two different sorters

Sorter 2
SSC-A

N

100K . Scale calibration to Spe using quantiFlash®
50K~
0. T iy — A
103 0 103 170° 10°

CD4 PE [3pe] Sensitivity of sorter 1 is about 4x higher

Resolution is the relevant measure
depends on sensitivity AND background

===  Stain index
SI,=22.3, SI, = 17.5

Sorter 1

www.quantiFlash.de
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Scale calibration - part I ot st = ] = P —
Calibrated data to Spe Normalized data
250K+ 7~
1 MFI, @ 28200 Spe o
200K . Normalization
‘:‘ MF1, @ 7300 Spe | factor
T < 150K- :
5 8 ] : MFI
> 100K+ | 1/
] | MFI1,
50K~ I
| |
] 1
0 | b | | v ""':'I ' :"""I v
-103 0 103 104 1 10°
CD4 PE [t}pe] :
Vo
1

Sorter 1
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Summary Ein st cer Leions cemetneenatt | ] © [ ¢ (2
» (Calibration is important for reproducible i A -~
| e
measurements and results (5“

* quantiFlash®: a new tool for calibration h
\ k '

» (Calibration of intensity scales leads to a
meaningful basis for comparision

Calculation of Q bandpass filter

Q = Spe / ABC (or MESF) o : v Sorter 1
> 0.1 4 + e Sorter2
e T — Sorter 3
@ ] L
£ 0.014 b
5 : .
S 0.001 v
g ]

0.0001
530/30 585/20 780/60
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Deutsches Rheuma-Forschungszentrum
Than kS to... Ein Institut der Leibniz-Gemeinschaft H . H ’ =
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Jan Popien, Sebastian Wolf, Ronny Schilling, _//\\

Frank Reuter & Katrin Keste s Y m— Y =

Toralf Kaiser, Kristen Feher, Jenny Kirsch & DRFZ :::

BERLIN

And reas Rad b ruc h Deutsches Rheuma-Forschungszentrum

Ein Institut der Leibniz-Gemeinschaft

Jim Wood,
Wake Forest University School of Medicine, USA

- ,sg, EFRE

EUROPAISCHE UNION s e For further discussions visit
Europaischer Fonds flr
Investion i Ive Zukun us at booth 16
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Q & B measurement (by Jim Wood)

Copyright, 2015; James C. S. Wood
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Version 1.11 12/04/2015

Sample Name |V570A
Date 08-Dec-2015 I
Fluorescence (F)  All Photonic (F + B)
Mean sD SDA2 Spe Spe ERF Q
1 52696 333]  110889.00 32470.09 32540.42 68070.96]  4.77€-01
2 22639 200 40000.00 13949.64 14019.97 29244.32] 4.77e-01 Intrinsic CV 0.28%
3 9636 121 14641.00 5937.49 6007.82 12447.47 4.77E-01
] 3911 86.8 7534.24 2409.87 2480.20 5052.10]  4.77E-01 spe per Channel[_6.16€-01]
5 1217 47.7 2275.29 749.89 820.22 1572.08 4.77E-01 Background
6 120 194 376.36 73.94 144.27 155.01 4.77E-01 Intensity Units| 1.14E+02
7 spe| 7.03E+01
8
9 Background ERF 239.29
10
11 Goodness of Fit 1.000
12
13
14
15
16
[Marker Beads 16448 28620.21 28690.54 50000.00]  4.77€-01 Q 0.4770
08-Dec-2015 - V570A
120000.00 35000.00
100000.00 T 30000.00
t 25000.00
80000.00
- 20000.00
2 6000000 g oo
v i &
/ " 15000.00 —Fit
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- 10000.00
20000.00 ' L 5000.00
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