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1. Overview: History of
cytometry & flow cytometry



Cellular Pathology
R.Virchow Berlin 1858

cellular pathology Cytometry
K.von Rokitansky Vienna \ TB.Caspersson
macroscopic pathology Stockholm 1934
] - cytometry by
G.Wied Prague, Munich / light absorption
Berlin, Chicago 1946 - chromosome
TICAS image analysis 1968 banding
L.Koss Vienna, NY 1952
histo-/cytopathology
flow cytometry
!
M.Melamed NY 1960
cyto-/histopathology
flow cytometry
|

Z.Darzynkiewicz
Warsaw, NY 1963  B.Mayall LLL1965  L.Kamentsky NY 1965

cell biology by -CYDAC chromosome - first flow cytometer
flow cytometry DNA analysis by light absorption
-editor Cytometry - computerized data

evaluation&display

- European background
- US background
- innovations

Interrelations in
cytometry and flow
Flow Cytometry  evtometry development

Hialeah, 1949/56
electronic blood
cell counter

G.Ruhenstroth-Bauer, D.Zang
Munich 1960

artifactual right skew of Coulter
cell volume distribution curves

M.Fulwyler
Los Alamos 1965

cell sorter
+

[/I-v('leﬂ| Dilla 068 :\AA/"'Gdhdi%s R.Thom, V.Kachel Munich 1969
0s Alamos unster hydrodynamic focusing in

Ersftlfluorets cen;:e ' ]]:I'rSt qu;)resience electrical sizing eliminates
/ OWJCy ometry Tow Cylometer artifactual right skew

L.Herzenberg ]lflhywe-ICPléNA l

Stanford 1969~ UOTSSCEN UG valet. MunichiMartinsried 1972
first fluorescence (EB) - cell function in disease

activated cell - cytometric bioinformatics 1987
sorter (FACS) - predictive medicine by

cytomics 1997/2001
val20110107



2. Coulter electrical
counting and sizing



Aus dem Maxc-Planck-Institut fiir Biochemie, Miinchen

( Direktor: Prof. Dr. A. Butenandi)
| 4 el Byt 6:446-463(1960)

Automatische Zihlmethoden':
Das Coulter’sche Partikelzihlgerit

Von G. Ruhenstroth-Bauer und D, Zang

In den letzten ]ahren sind zahlreiche biologische MeBmethoden weitgehend
automatisiert worden. In vielen Fillen wurde dadurch nicht nur eine groflere
MefBgenauigkeit und eine Zeiteinsparung erzielt; hiufig sind dadurch bestimmte
Probleme erst der betreffenden Methode zuginglich gemacht worden. Dies gilt
auch fiir die Partikelzihlung durch das Cos/ter’sche Gerit*). Seine Bedeutung
fiir die Himatologie besteht darin, dal} es eine von subjektiven Fehlern weit-
gehend freie Zell-fiir-Zell-Zihlung erlaubt und gleichzeitig eine genaue
Messung der Volumensverteilung in der Suspension ermdoglicht?).

J Gutmann, Diplomarbeit Fachbereich Elektrotechnik
TU-Minchen 1963

goal: understanding the artificial right skew of
Coulter cell volume distributions curves




Electronic Measurement of Cellular Volumes. II. Frequency

Distribution of Erythrocyte Volumes
By C. C. Lususauch, N. J. Basstaxy axp B, Grascock

Broop, Vour. 20, No. 2 ( Auvcust), 1962
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Fig. 2.—Frequency distribution curve of ervthrocyte volumes of human blood

and its representation by two cell populations (A and B), each with a wmormal
Goussian distribution.




Electronic separation of biological cells by volume
MJ Fulwyler

Science 150:910-911(1965)
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Fig. 2. Distribution by volume of mouse

and human erythrocytes before and after
Fig. 1. Cell separator. separation.




Blut, Band XXI, Seite 48-50 (1970)

KURZE MITTEILUNG

Aus der Med, Klinik und Poliklinik der Freien Universitit Berlin im Stadt. Krankenbaus Westend,
" und dem Max:-Planck-Institut fiir Biochemie Miinchen

Fortschritte fiir die elektronische Groflenbestimmung
von Blutkorperchen

Von R. Thom und V. Kachel
50 R. Thom und V. Kachel
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Abb. 3: Volumensverteilungskurven von nativen Erythrozyten. Messung in einer Coulter-

Kapillare (100 ) (a) und in der Zentralscrahlkapillare (b).

Ummantelnde

Abb. 1: MeBanordnung K = Kapillarwand; Z = Zentralstrahl, F
Fliissigkeit; 6 = Mefioffnung.



High resolution cell volume distributions by hydrodynamic focusing
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Fig. 6. Raumliche Darstellung der an verschiedenen Tagen
nach Geburt gemessenen und analysierten Volumenvertei-
Fig. 7. Die Volumenverteilungskurven von Ratten-Erythro-

lungskurven (gestrichelt) von Ratten-Erythrozyten. Zur Ver-

besserung des réumlichen Eindrucks sind zwischen den ge- ™ . A

messenen linear interpolierte Kurven (durchgezogen ) eingefigt 2zyten nach 600 R Roéntgenganzkorperbestrahlung. Die raum-
liche Darstellung entspricht Fig. 6

(Volumen in gm?)
Discrete erythrocyte volume populations during the postnatal period in rat, mouse, guinea pig and

sheep as well as after bleeding (sheep) or x-irradiation (rat)
G.Ruhenstroth-Bauer, G.Valet, V.Kachel, N.Boss. Naturwissenschaften 61:260-266(1974)



3. Cell fluorescence
In flow cytometry



W.Dittrich, W.G6hde
Automatisches Mef3- und
Zahlgerat fir die Teilchen
einer Dispersion

patent application 1815352
Deutsches Patentamt
priority: Dec 18, 1968

®

Int. Cl.: Goln

BUNDESREPUBLIK DEUTSCHLAND

DEUTSCHES @ PATENTAMT
® _ Deutsche Kl: 421, 13/04

® . : .

® Offenlegungsschrift 1815352

@ Oy Aktenzeichen: P 18 15 352.1

@ Anmeldetag: 18. Dezember 1968

(%] Offenlegungstag: 14, Jannar 1971
Ausstellungsprioritit: - —

® Unionsprioritiit

® Datum: —

3] Land: —

@& Aktenzeichen: —

® Bezeichnung: Automatisches MeB- und Z#hlgeriit fiir die Teilchen einer Dispersion

()] Zusatz zu: —_

e Ausscheidung aus: —

((j) Anmelder: Dittrich, Dr. Wolfgang; Gohde, Dr. Wolfgang; 4400 Miinster
Vertreter: —_

@ Als Erfinder benannt: Erfinder ist der Anmelder



Impulsfluorometrie bei Einzelzellen
in Suspensionen

W. DrrrricH und W. GOHDE

Institut fiir Strahlenbiologie
der Westfilischen Wilhelms-Universitit Miinster

(Z. Naturforschg. 24 b, 360—2361 [1969] ; eingegangen am 2. Januar 1969)
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Abb. 2. Amplituden-Histogramm der Fluoreszenzlicht-
Impulse.

Resolution of x and y spermatids by pulse
cytophotometry

ML Meistrich, W G6hde, RA White, J Schumann
Nature 274:821-823(1978)

Fig. 1 DNA distributions obtained from total testicular cell
suspensions (a), and fractions of testicular cells enriched in round
spermatids () and pachytene spermatocytes (c). Testicular cells
were separated from DBA/2Tex mice (Timco) and fixed in
ethanol, treated with pepsin and RNase, and stained with ethi-
dium bromide and mithramycin, DNA distributions, measured
with an impulse cytophotometer ICP-22, are shown as a solid line.
Note, in spectra a and b, the 1C peak is at about channel 870,
whereas in spectrum ¢, the 1C peak is at channel 450, and the 4C
peak is at about 1800. The dashed lines indicate the best fits to the
peaks with gaussian distributions.
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LOS ALAMOS SCIENTIFIC LABORATORY
of the -
University of California

LOS ALAMOS e NEW MEXICO

LA-3848-MS
UC-48, BIOLOGY
AND MEDICINE

TID-4500
Report written: September 1967

Report distributed: January 23, 1968

THE FLUORESCENT CELL PHOTOMETER: A NEW METHOD FOR

THE RAPID MEASUREMENT OF BIOLOGICAL CELLS STAINED WITH FLUORESCENT DYES

*
(M. A. Vvan Dilla, P. F. Mullaney, and J. R. Coulter )

(=]
and 5000 A with an absorption maximum near

5 T T I ] T i I i
4900 A. The fluorescence emission is con- * FLUORESCENT (34%)
tained in a wide band extending from 5000 IR B %) 1]
o y d + VOLUME (23%)
to 6000 A. The brightest conventional Z |
-]
sources of 4000 to 5000 A light available g
. } h
are the short arc mercury vapor lamps such E \
as the PEK-110 with an electrode separation § X a
\| A
of 300 u and a brightness of 140,000 can- = ‘
dles/cmz. Since image brightness cannot 3]
exceed object brightness (3), this rep- ; L
s 10 , 10 20 30 40 50 60 70 80 90 100
resents an upper limit on cell stream il- CHANNEL NUMBER
lumination with conventional sources. If Fig. 3. Fluorescent, scatter, and volume
: : spectra of acridine orange-stained ragweed
£/1 optics are used to collect the light pollen. Values in parentheses are width
frfam a pcint source placed at the focus, halfway down from peak as percent of mode.

lo2



4. Foundation of
cytometry societies



Foundation of Society for Analytical Cytology

European effort American Engineering Foundation
motivator: W.G0Ohde conference organizer: Sandford S.Cole
Phywe ICP-11/22 mercury arc cytometer BioPhysics/Ortho/Coulter/BD laser cytometers
1972 Heidelberg (M.Andreeff) 1972 Saxton River, VE

1973 Nijmegen (C.Haanen) 1973 Asilomar, CA

1975 Munster (W.G0Ohde) 1975 Asilomar, CA

1977 Vienna (D.Lutz) 1976 Pensacola, FL

1979 Voss (O.Laerum) 1978 Schlof3 Elmau/Mittenwald

1980 Rome (F.Mauro) /

foundation of the Society for
Analytical Cytology (SAC)
& journal Cytometry

in Elmau 1978

val20101013



Nomenclature confusion (1969-1976)

1. Impulsfluorometrie
2. Impulszytophotometrie
3. Impulsmicrophotometrie
4. pulse cytophotometry
5. microflow fluorometry
6. micro-flow fluorometry
7. flow microfluorimetry
8. flow microfluorometry
9. flow cytofluorometry
10. flow cytometry
by international consensus
Pensacola 1976

searchable publications
In periodicals:

60 mostly German
44 US

numerous mostly European
publications in periodicals and
books are unsearchable by flow
cytometry or cytometry terms

val20101013



Examples for
unsearchable
publications
under cytometry
or flow cytometry

Summary

Sonderdruck

BIUt ZEITSCHRIFT FUR DIE GESAMTE BLUTFORSCHUNG

Band XXIV - Seite 42-53 (1972) - J. F. Lehmanns Verlag, Minchen

Aus dem Max-Planck-Institut fiir Biochemie, Miinchen

Der Nachweis verschiedener Erythrozytenpopulationen
bei der Ratte

Von G. Valet, H. Metzger, V. Kachel und G. Ruhenstroth-Bauer

Die Erythrozyten von neugeborenen und jungen Ratten werden in zeitlich festge-
legter Reihenfolge in verschiedenen Organen gebildet [7], wobei das Auftreten meh-
rerer Himoglobine beobachtet wurde [3]. Das mittlere Volumen der im Blut kreisen-
den Erythrozyten nimmt von der Geburt an fortschreitend ab und betrigt beim er-
wachsenen Tier weniger als die Hilfte der Werte beim Neugeborenen [6]. Die Vor-
stufen der Neugeborenen-Erythrozyten scheinen auch weniger Eryvthropoetin-sen-
sibel zu sein als jene der spiteren Altersstufen [7,8,70].

An Hand der Erythrozytenvolumen-Verteilungskurven von Ratten verschiedenen

Acta Hepato-Gastroenterol. 22 (1975) 274-281
© Georg Thieme Verlag Stuttgart

Electrical Sizing of Liver Cell Nuclei by the Particle beam Method.
Mean Volume, Volume Distribution and Electrical Resistance

G. Valet, S. Silz, H. Metzger, G. Ruhenstroth-Bauer

Max-Planck-Institut fir Biochemie, Martinsried

Zusammenfassung

Electrical sizing of liver cell nuclei gives similar re- Die elektrische Grofienbestimmung von Leberzell-
sults as histological techniques for the mean volume, kernen ergibt dhnliche Resultate wie histologische



Development of cytometry societies

- SAC membership 1978 around 150 US and 150 non US scientists
- SAC US membership shortly rose to 60-80% of SAC members

- market removal
- Phywe ICP11/22 (W.Go6hde) by Ortho Diagnostics
- AEG Telefunken particle analyzer (R.Thom N1/EP/V 1698) by Coulter

- S.Cole at Sea Island, GA: Clinical Cytometry Conference 1983
,Whenever we see a potential for the American engineering
industry we favour its development"

- SAC as marketing instrument for worldwide placement of
flow cytometry instrumentation

- dissatisfaction with commercialised science development. Concept
of regional organisations

val20101013



5. Regional cytometry
organisations



1986: foundation of

European Society for Analytical
Cellular Pathology (ESACP)
with ACP journal

G.Burger, Neuherberg (image)
G.Valet, Martinsried (flow)
P.Vooijs, Nijmegen (pathology)
G.Brugal, Grenoble (image)

continued since 2003 as:
International Society for Cellular

Oncology (ISCO) with Cellular
Oncology journal

e
lllll
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-

ELSEVIER

ISEN: 09721-8812
ACPAER 7|3 171-280
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PATHOLOEY

Vol 7. Mo 3. Octohar 1994



Preparations for Deutsche Gesellschaft flr
Zytometrie (DGfZ) foundation 1989

foundation of French
& Italian cytometry

European flow cytometry societies difficulties in founding
courses in Martinsried European ﬂO\_’Y cytometry
1986-1991 G.Valet society, W.Gohde
\ collection of ideas

for DGfZ foundation

K.Goerttler ”
EMBO flow cytometry \ %d?;??rgﬂ
course 1988 ’ otfwers
A.Radbruch ‘

DGfZ foundation committee

1989
val20101013



DGfZ foundation 1990

foundation
committee
K.Goerttler
C.Cornelisse
G.Feichter
W.Gohde
H.Hoehn
F.Otto
A.Radbruch
G.Valet

membership cohesion
DGfZ treasurer
1990/2010
P.Schwarzmann

DGfZ presidents
90/92 K.Goerttler
92/94 G.Valet
94/96 A.Radbruch
96/98 J.Hemmer
98/00 M.Niisse
00/02 R.Knuchel
02/04 M.Stohr
04/06 A.Tarnok
06/08 G.Brockhoff
08/10 S.Miiller
10/12 E.Endl

meetings

Heidelberg 1988-2004
K.Goerttler

M.Stohr

K.Hutter

H.zur Hausen

Leipzig

A.Tarnok 2005/06
S.Mller 2009/10

Regensburg 2007
G.Brockhoff

Bremen 2008
G.Rothe

val20101013



EWGCCA foundation

European Working Group for Clinical Cell Analysis

(EWGCCA) 1996

G Schmitz (D), JW Gratama (NL), B Autran (F), B Brando (I), JL D‘Hautcourt (B),
R.Huber (CH), G.Janossy (UK), HE Johnsen (DK), J Kapelmayer (H), R Lenkei (S),
A Orfao (E), S Papa (I), M Papamichail (GR), H Toterman (S), G Valet (D)

R Zupanska (PL) as Concerted Action of the EU: BMH4-CT97-2611(DG12-SSMI)

1

European Society for Clinical Cell Analysis
(ESCCA) 2006

partner society for Cytometry B journal

val20101013



0. Future



Concepts In cytometry

cytometry as method:

- multiparametric discrimination
cytometric / of specific cell populations
multiparameter
measurement \ cytometry as system approach:

- exhaustive knowledge extraction
from all cytometrically discernable
cell populations (cytomics)

potential of cytometry: - Cell systems biology for tissue,

- disease diagnosis | organ and organism modelling
- predictive medicine by cytomics

- human cytome project
- periodic system of cells

In extension of;
cellular pathology (R.Virchow)
- disease diagnosis but no prediction
val20101013



Outlook

Cyto2011 Baltimore
Cyto2012 Leipzig
A.Tarnok Editor Cytometry A

., The fascination extends into the future

val20101013
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