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» Dva bézné zpusoby, jak zjistit celkovy pocet, typ a funkci
bunek ve vzorku
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Mikroskopie Priitokova cytometrie

Poskytuje podrobnosti o morfologii Kvantifikuje vysoky pocet parametr(
bunék pro desitky nebo stovky u stovek nebo tisicl bunék za
bunék. Muze poskytnout informace sekundu v suspenzi a je mozny

o bunécnych interakcich a funkcich. sorting/separace Zivych bunék

+ tvar + velikost a granularita

+ distribuce komponent uvnitf bunék + povrchové a intracelularni
komponenty
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Oteviena encyklopedie

Cytometrie je souhrnné oznacCeni pro skupinu metod pouzivanych pro
méfeni rdznych charakteristik bunék. Proménné, které Ize méfit
cytometrickymi metodami, zahrnuji velikost buriky, poCet bunék, morfologii
bunék (tvar a strukturu), faze bunécného cyklu, obsah DNA a pfitomnost Ci
nepfitomnost specifickych proteini na bunéfném povrchu nebo v
cytoplazmé. Cytometrie se pouziva k charakterizaci a pocitani krevnich
bunék v béznych krevnich testech, jako je uplny krevni obraz. Podobnym
zpusobem se cytometrie také pouziva ve vyzkumu bunécéné biologie a v
|ékarské diagnostice (napfiklad k odhalovani rakoviny Ci AIDS).

Pratokova cytometrie
Spektralni pratokova cytometrie
Hyperspektralni cytometrie
Obrazova cytometrie
Hmotnostni cytometrie
Cytometrie in vivo
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average controls. The mean rcsnsmnce
roughly doubled after ecdyson treat-
ment; the difference is highly signifi-
cant (Table 1).

The rise in mean nuclear membrane
resistance due to ccdyson treatment is
comparable in magnitude to that oc-
curring during a period of 5 to 7 days
in normal development (20°C), from
the base level of resistance at the fourth
instar to nearly the peak resistance at
the early prepupa stage (Fig. 1). Rises
obtained in measurements made I hour
after hormone injection (which was
about as soon as the measurements
could be made) were roughly the
same as after 2, 3, or 5 hours. Appar-
ently the major change in nuclear mem-
brane resistance takes place during the
first hour after hormone injection. Inter-
estingly, the first recognizable changes
in chromosomal “puffing” pattern also

occur within the first hour following
injection of ecdyson (8).

Resting potentials (at zero current)
and across

across the cell

nuclear
membran C

910

Fig. 1. Cell separator.

K relative to point M, which is
in contact with the emer, stream.
As the droplet separates, it carries
away a charge proportional to the in-
stantaneous charge on the column of
liquid. In this way one or more drop-
Jets may be charged. The charged
droplets are then deflected (H) on
entering the electrostatic field (7000
volts per centimeter) between the de-
flection plates (G). A series of col-
lection vessels (L) receive the deflect-
ed droplets.

The sequence of evenis leading to
separation is as follows. Cell volume
is sensed as the cell passes through
a Coulter aperture (/) within the
droplet generator (C). An electric
pulse proportional to cell volume is
obtained at J. The cell then emerges
in the jet and arrives at the separa-
tion point (/) within the charging col-
lar (F) 250 psec later. The size of
the charging pulse needed to deflect
droplets into the proper vessel is elec-
tronically determined from the cell
volume pulse. Approximately 200
usec later the charging pulse is ap-
plied to the charging collar (K); the
cell is caught in a forming droplet;
the droplet is charged and then de-
flected by the electrostatic field into
the appropriate collection vessel. The
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Electronic Separation of Biological Cells by Volume

Abstract. A device capable of separating biological cells (suspended in a con-
ducting medium) according to volume has been developed. Cell volume is mea-
sured in a Coulter aperture, and the cells are subsequently isolated in droplets of
the medium which are charged according to the sensed volume. The charged drop-
lets then enter an electrostatic field and are deflected into a collection vessel. Mix-
tures of mouse and human erythrocytes and a large volume component of mouse
Iymphoma cells were separated successfully. In tests with Chinese hamster ovary
cells essentially all cells survived separation and grew at their normal rate.

A device has recently been developed
which physically separates particles, in-
cluding biological cells, on the basis of
electronically measured volume. Figure
1 is an illustration of the cell sepa-
rator. A cell suspension (under 4
atm pressure) enters the droplet gen-
erator (C) by way of a tube (D) and
emerges as a high-velocity fluid jet
(E) (jet diameter, 36 p; velocity,
15 m/sec). A piezoelectric crystal
(A), driven at a frequency of 72,000
cy/sec pmduccs vibrations Whlch pass

method of forming, charging, and de-
flecting droplets is a modification of
that developed by Sweet as an ink
writing oscillograph (2).

Figure 2 shows the volume dist
bution of a mixture of mouse and hu-
man red blood cells (volumes approxi-
‘mately 50 and 100 % respectively) be-
fore and after separation in physiologi-
cal saline. The apparatus was adjusted
to separate all cells of volume greater
than approximately 80 3. The closed
circles represent the volume distribu-
tion of the unseparated mixture; the
triangular data points represent the
volume distribution of the separated
cells.

Figure 3 shows a volume dis-

NO. OF CELLS

separation.

Fig. 2. Distribution by volume of mouse
and human erythrocytes before and after

within the droplet generator. The shape
of the rod (catenoidal) serves to am-
plify the magnitude of the vibrations
hin the liquid. The velocity fluctua-
tions of the emerging liquid produce
bunching of the liquid column. Sur-
face-tension forces cause the disturb-
ances to grow until the jet is broken
into 72,000 very uniform droplets
each second.

Droplets are charged as they pull
away from the charged liquid column.
A charge is produced on the liquid

a voltage at point
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tribution of mouse hy cells
(3) suspended in standard growth
medium. That portion of the distribu-
tion, before separation, which rises out
of the top does not represent cells
of small volume but rather debris pres-
ent in the growth medium, In this ex-
periment the larger (presumably old-
er) cells were separated from the ran-
domly growing culture. The second
curve (wiangles) is the volume disi

bution of the separated cells.

Viability of the cells after separa-
tion is important in many applications
of this device. To establish what frac-
tion of the cells survives separation,
several experiments were performed
with Chinese hamster ovary cells (4).
‘Growth rate, mitotic index, ability to
incorporate tritiated thymidine into
DNA, and permeability to trypan blue
were used as criteria of survival. In
no case was viability of the separated
cells less than 96 percent. Cells, grown
and passed through the separator in
Ham’s F-10 medium (5), exhibited a
mean generation time (21 hours)
identical with that of a nontreated
control.

The present system can analyze
from 500 to 1000 cells per second,
and up to 50 percent may be sepa-
rated.

“The separations described here were
made with a simple two-vessel col-
lection system, one for the charged
and deflected droplets and the other
for the uncharged droplets. Because
of the primitive nature of this first
sysiem, droplets were charged in groups
of seven. Reduction of this number to
four or fewer with forthcoming me-
chanical and electronic improvements
is feasible.

In principle, the system is capable

voLumE
Fig. 3. Distribution by volume of mouse

Iymphoma cells before and after separa-
tion.

of separating minute particles (biologi-
cal or nonbiological) according 10
other electronically measurable charac-
teristics such as optical density, re-
flectivity, or fuorescence. It may be
possible also to measure simultaneous-
ly two (or more) characteristics of a
cell and to make separation dependent
on the ratio of such characteristics.
M. J. FULWYLER
Biomedical Research Group,
Los Alamas Scientific Laboratory,
Universiry of California,
Los Alamas, New Mexico
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High-speed fluorescence image-enabled cell sorting

Daniel Schraivogef, Terra M. Kuhn?}, Benedikt Rauscher*t, Marta Rodriguez-Martinez'f,
Malte Paulsen®f, Keegan Owsley*, Aaron Middlebrook®, Christian Tischer®, Beata Ramasz®,
Diana Ordofiez-Rueda®, Martina Dees?, Sara Cuylen-Haering?*, Eric Diebold®”, Lars M. Steinmetz-67*

Fast and selective isolation of single cells with unique spatial and morphological traits remains a
technical challenge. Here, we address this by establishing high-speed image-enabled cell sorting (ICS),
which records multicolor fluorescence images and sorts cells based on measurements from image

data at speeds up o 15,000 events per second. We show that ICS quantifies cell

light loss signal (analogous to bright-field
images produced by traditional microscopes),
which allows visualization of events in real
time. This contrasts with ghost cytometry,
which is unable to reconstruct images from
raw data in real time (10). The combination
of FIRE with a cuvette-based droplet-sorter
design, along with the integrated low-latency
electronics, enables sorting rates at speeds of
up t0 15,000 events/s (fig. S1, A to C), which is
campamblc to traditional cell sorters and ap-

and localization

of labeled proteins and increases the resolution of cell cyck analyses by separating mitotic stages. We
combine ICS with CRISPR-pooled screens to identify regulators of the nuclear factor xB (NF-xB) pathway,
enabling the completion of genome-wide image-based screens in about 9 hours of run time. By assessing

complex cellular ics

applications and pooled genetic screening.

Tuorescence microscopy and flow cytom-
etry are i used

expands the

ic space accessible to cell-sorting

To date, no system has been developed that
flow cytometry and mi-

in almost all areas of biological and bio-
‘medical research, Although flow cytomet-
ric cell sorting simplifies the isolation of
cells in a rapid, sensitive, and high-throughput
manner, it is limited to a low-dimensional
parameter space and lacks subcellular resolu-
tion (7). This method is therefore unable to
capture phenotypes associated with processes
involving varying signal localization, such
as protein trafficking, cellular signaling, or
protein mislocalization during disease (2, 3).
Fluorescence microscopy, on the other hand,
enables high-resolution readouts of cellular
morphology and protein localization but lacks
the ability to isolate cells with specific pheno-
types a[hlgh speed (4). Cmnhmmg the spatial
of with
flow cytometric cell sorting has broad implica-
tions and would inspire new experimental
strategies through the rapid identification and
isolation of cells with speeific (sub)cellular
phenotypes.

Croscopy, operates at speeds compatible with
genetic screening approaches and short-lived
dynamic phenotypes, and can be operated in
nonspecialized laboratories.

Here, we present a fully i

Iy one order of fasterthan
image-activated cell sorting (9, 14). Image ac-
quisition and high sorting rates allow imme-
diate human interpretation of the generated
data, the capture of dynamic short-lived
spatial phenotypes, and the retrieval of suffi-
cient cell numbers for downstream assays
such as genome-scale screens.

To illustrate the utility of ICS for blur-free
visualization of fast-flowing cells and subeelhi-
lar protein distribution, we imaged a range

Vi and of

shapes, and distributions. We
were able to visualize the cell membrane, cyto-
image- | plasm losed arganelles (nucleus,

enabled cell sorter (ICS) by camlnnlm! 0] ﬂuo-

cndnplasnuc reticulum, Golgi apparatus, and

rescence imaging using

and small membrane-less orga-

tagged
emission (FIRE), a fast fluorescence imaging
technique (15), with (ii) a traditional cuvette-
based droplet sorter and (iii) new low-latency
signal processing and sorting electronics (Fig. 1,
A and B; for a detailed description and char-
acterization of ICS technology, please see the
materials and methods and fig. S1; for a de-
scription of the performance attributes of ICS,
please see the supplementary text). To enable
blur-free imaging at a high nominal flow speed
of 11 m/s, ICS uses the FIRE approach to pro-
duce an array of 104 laser spots across 60 um
within the core stream of the sorter cuvette,

nelles (P bodies, Cajal bodies, and centrosomes)
(Fig. 1C and fig. S2). We further demonstrated
imaging of 13 cell lines of variable size and
origin (fig. §3), showing the broad applicabil-
ity of ICS.

Tor cell sorting, a set of intuitive spatial
image parameters were extracted in real time
from each image channel (Fig. 1B; for details
of the image parameters, please see the mate-
rials and methods and fig. 54A). Image param-
eters were treated identically to conventional
pulse parameters (area, width, and height) by
the sorting electronics, allowing the combina-

each at a unique r
(Fig. 14). The array of spots excites modulated

Although flow- and -based cyto-
meters with imaging capabilities have been
developed, these approaches were unable to
sort cells, came with drastically reduce through-
put, or depended on

and scattered light from particles
or cells as they flow through the optical inter-
rogation region in the cuvette. Emitted light
is collected, and the signal output is digit-

pattern recognition from raw data without
image reconstruction (5~ ). Furthermore, image-
enabled cell sorting has so far relied on tech-
nically challenging and custom:built solutions.

ized and using low v, field-
programmable gate arrays, allowing real-time
image analysis and image-derived sort de-
cisions. This is different from other image-
enabled flow cytometers without cell-sorting

ilities (5-8, 11-13) (see the supplemen-

!Genome Biology Unit, European Molecular Biology
Laboratory (EMBL), Heidelberg, Gemany. *Cell Biology
and Biophysies Unit, EMBL, Heideberg, Germany. *Flow

Cytometry Care Facility, EMBL, Heidelberg, Germany. ‘BD
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tary text for a comparison between technolo-
gies). To reconstruct a row of pixels from the
FIRE signal for visualization of the event, the

ammlinidn of tha cional at 2 mims meadnla.

tion of spatial i ion and iti flow
aytometry features for analysis and sorting. We
demonstrate the ability of ICS parameters to
quantify spatial features and to differentiate
cells in a variety of applications that previously
could only be distinguished using microscopy.
We were able to separate cells with single or
multiple/enlarged nucleoli (Fig. 2A and fig.
§4¢), single or multiple nudei (Fig. 2B and fig.
§4D), and distinguish cells based on cellular
shape (Fig. 2C and fig. $4E). We also demon-
strate the ahility of ICS to reveal drug-induced
organelle responses, such as the effect of
brefeldin A on Golgi integrity (Fig. 2D and
fig. S4F). Pinallv, we demonstrate the advan-
a.
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o What Is Cluster of Differentiation ;l e i

Cluster of differentiation (CD) is a
surface marker that identifies a

particular differentiation lineage

COT4 recognized by a group of manoclonal
antibodies.
‘} CD antigens are molecules originally
- Hmcaptnm

Cos2

co22 defined as being present on the cell
surface of leucocytes and recognized

by specific antibody molecules, but

HLA-DR now including some intracellular
' maolecules and molecules present an
. Surface cells other than leucocytes.
Immuna-
glabasdin
o Physiologically, CD antigens do net

C020 —<il

coig

belong in any particular class of
molecules.




Bunécné znaky

Stem cell

Stem cell .
{e.g., Hematopoietic stem cell)

Progenitor cell
(e.2., Common Myeloid progenitor cell)

Differentiated cell
(e.£., Monocyte)

Progenitor cell
(e.g., Common Myeloid progenitor cell)

o)

Differentiated cell

(e.2..Neutrophil)

Muripotent Hematopictic stem cell
CD34- D133+

Loag Term Hematopoietic Ssem Cell
CO3HCDEE CONHCDHSRA-

£ T~
@

Commen Myeloid Progenitor Cell Common Lymphoid Progenitor cell
CD34CDIB+CD45SRA- CD61- CDT1- CD1234 COF4HCDEEHCTI O 8-

o~ ‘“‘-‘ ®

Giranulocy e Monocyte Progenitor Cell Megakaryoeyte Erythrocyte Progenitor Cell
CDH+CDIFHCIMSRA+CD4- CDIS- CDI 23+ "DIAWCDISAC - CD61- D71 CO125. Fro B Cell
3 g CD34CDASHCDEERA- CDBI- CDTI- CD123 CDACDA DI D0+

Ya 4
= ...fl

Manohlast Myelablast
CIBHCDAHCNI5+ L‘D]-I'-L‘I:r- D15 Mugskaryoblast Proerythroblast
T2 CD3HCDIEHCDT 1+
¥ COMCTH L CIMCR] inkiadtare B Gl
‘\L . CO34- CDIHCD 9+
Promonocyse Fromyehe d
CD34- CD+CD35+ CD34- CO33HCDE- COIG- CD4SRA+ X
M 2 Mature B Cell
Basophilic erythroblast T34 CO0- O3 8+
L, 4 C034- COISCDTI
Myelocyte l
Monocyie ; ? ; ) : Muegakaryoyle
CD34 CD4-CD33+ CLE4-C033+H0 D-I;E‘D]b—tmsk.ﬂ COM. CD6 1+
i
g &
Pl .
Mletamyel eyt PMatelet Pnlsfchnmelx a)_‘lhmh!aﬁ
CO34-COIFHCE CI6+CDI0=COET. COG4 D34 _CD38-CO71+
Red Blood Cell
Band Cell
COB-COIHCDM- CD 16 CD CDET+ D4
3

Mewtrophil
CD3-CDECIM-CD GHOD

Global Journal of Hematology and Blood Transfusion, 2014, 1, 20-28
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https://www.biolegend.com/Files/Images/BioLegend/literature/images/04-0027-02hu_mo_web.pdf

Bunécné znaky

Density-
Dependent
N Downsampling

Local
Clustering in
n Dimensions

——
MST Using
n Dimensional

Coordinates

B C
Monoblast
Monocyte.
Pro-monocyte
Pre-Di D
GM Naive CD8+ T
> [ .A . Naive CD4+ T
Plasmacytoid DC Ej Ff & Memory CD4+ T
v Immature B
Myelocyte ‘ & Mature B
P @ IL-3Ra+ mature B
romyelocyte

Plasma cell

CD38m4 CD3- platelet 2 Expression

CD38- CD3- platelet % Maximum
CD38™¢ CD3™ platelet

Erythroblast 0 100
Erythrocyte
E F

CD34

CD13 CD14 CD15
{ ¢
b CcD10 CD161 CD16

FRF T

6 MAY 2011 VOL 332 SCIENCE www.sciencemag.org




Co je prutokovy cytometr?




Signal processing

Analog/digital

JL FSC ~ cell size —_— conversion

FL-1 (530/30nm) ~ green fluo

DR FL- (H, W, A)

»

A

Height

FL-2 (585/42nm) ~ red fluo. | Width \

> Area (])

analog signal intesity
VOLTAGE

time

K. Soucek Bi9393 Analyticka cytometrie



Co muzeme analyzovat pomoci prutokové
cytometrie?

» PocCitat Castice v suspenzi

» Oddélit zivé Castice od nezivych

» Hodnotit 10*5 az 10*6 Castic za méné nez 1 minutu

» Kvantifikovat rozptyl svetla, a intenzitu fluorescence pro
jednotlivé bunky (Castice)

» Fyzicky separovat jednotlivé Castice (populace) pro dalsi
analyzu

Upraveno podle J.P. Robinson Purdue University BMS 631



new automatic cell cloning assay (ACCA) for determination of
clonogenic capacity of CSCs

single cell/well
up to 384 well plate
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Your cell

Cell Instrument

Structures to stain

Cell preperation

Please select -

(@ Click & drag or scroll to view cell

Stain-iT™

Visibility ~Structure

Product type

7 Full screen ‘ [ < Export

Emission channel

Spectra

(D Click & drag to zoom into graph

100

2
S

e
S

Relative Intensity (%)

350

800/100 (Em)

400

Al Spectraviewer User guide

500 550 600 650
Wavelength (nm)

Product

@ Options ~

7 Full screen I [ ¥ Export

Reset cell

>
Give Feedback



https://www.thermofisher.com/cz/en/home/life-science/lab-data-management-analysis-software/lab-apps/cell-staining-tool.html

Jake jsou principy?

m Rozptyl svetla (Light scatter) pomoci laseru
nebo UV lampy

m Detekce/kvantifikace specificke fluorescence
m Hydrodynamicky zaostreny proud Castic

m Elektrostaticka separace castic

m Moznost multivariacni analyzy dat

Upraveno podle J.P. Robinson Purdue University BMS 631



Rozptyl sveétla

»

»

»

»

Hmota rozptyluje svetlo vinovych délek které neni schopna
absorbovat

Viditelné spektrum je 350-850 nm proto malé cCastice a
molekuly (< 1/10 1) spiSe viditelné sveétlo rozptyluji

Pro malé Castice byl popsan tzv. Rayleightlv rozptyl
(scatter) jehoz intenzita je ~ stejna vSemi sméry

Rozptyl vétSich Castic charakterizuje tzv. Mieuv rozptyl.
Jeho mnozstvi je vetSi ve smeéru v jakém dopada svétlo na
ozarenou castici ® na tomto principu je zalozeno méreni
velikosti ¢astic pomoci pratokového cytometru

Rayleigh Scattering Mie Scattering Mie Scattering,

%\% ﬁ@ =

—= Direction of incident light ShapiI'O p106

http://hyperphysics.phy-astr.gsu.edu/hbase/atmos/blusky.html



Fluorescencni spektra

Fluorescencni proces je cyklicky.
Kromé fluorochromu nevratné zniceného (photobleaching - ,,vysviceni*) mUze byt
opakované excitovan.

Molecular

L]

Fluorescence excitation

L L] L L T I

Wavelength

Excitation of a fluorophore at three different wavelengths (EX 1, EX
2, EX 3) does not change the emission profile but does produce
variations in fluorescenceemission intensity (EM 1, EM 2, EM 3) that
correspond to the amplitude of the excitation spectrum.

Fluorescence emission

K. Soucek Bi9393 Analyticka cytometrie



Detekce fluorescence

goaveni pro rivuorescenci
1) zdroj excitace
(2) fluorochrom
(3) vinové filtry pro izolaci emitovanych foton0 od excitovanych
(4) detektory pro registraci emitovanych fotond

Fluorescencni pristroje
- spektrofluorometer méfi primérné viastnosti objemu vzorku v kyveté.

- fluorescencni mikroskop popisuje fluorescenci jako jev v prostorovém systému
souradnic

- flow cytometer méfi fluorescenci v proudicim toku, umoznuje detekovat a
kvantivikovat subpopulace uvnitt velkého vzorky

Fluorescenéni signal

- spekirofluorometer je flexibilni, umoznuje n
v kontinudinim spekiru excitacnich a emisni
vinovych délek

- flow cytometr poftfebuje fluorescencnizna
excitovatelné

urcitou vinovou délkou.

\ Spectra

Bl Fiters

Intensity

Fluorescence pozadi

- endogeni slozky - autofluorescence

- nendvazané nebo nespecificky vazané zr
= reagencni pozadi Wavelength ())

/O Signals

Vicebarevné znaceni W
- dvé a vice znacek, zaroven monitoruje r0zné funkce

- nutné: vhodné zvolit znacky zdroj excitace a separacni filtry K. Soutek Bi9393 Analytické cytometrie



Fluorescence Output of Fluorophores

514 568 ABSORFTION FLUDRESCENCE I\/\Ouse 3T3
366 442 488 | 546 633 | —

—— R-Phycoenythrin (pH 7)
—_—— Aloxa Fluor 546 (pH 7)
—_— Taxas Fed (pH 7)

— BODIPY FL (MaOH)
—_—— Alexa Fluor 488 (pH 7)
—— Fluorgscein (pH )

—— Rhodaming Red-X (MeOH)
Tetramethyirhadamne (MaOH)
BODIPY TMA (MeOH)
BODIFY TR (MaDH)

e l—
e DNA ~
———
—_—— YOYO-1+DNA(pH )
——
—_—

DAPI

R ] DAP1 + DNA (pH 7)

e ] Inder-1 + Cad= (pH 7)
Cascade Blue (pH 7)
— ——— Fura-2 + Ca® (pH 7)
e — Aminomethylcoumarin (MaOH)
—— FM 1-43 + Lipid
e DHIC o(3) (MOOH)

e —— MED (MaOH)

e Carboxy SMARF-1 (pH 10)
———————
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Technické soucasti

mZdroje svetla

m DetekCni systemy
m Fluidni system

m Separace

mSber dat

m Analyza dat

binson Purdue University BMS 631



Technické soucasti

m DetekcCni systemy

Fotonasobice (Photomultiplier Tubes (PMTs))
dive 1-2
nyni >8

Diody drive detekce rozptylu svétla (light scatters)
nynii  detekce fluorescence

m/Zdroje svetla

Lasery (350-363, 420, 457, 488, 514, 532, 600, 633 nm)

Argon ion, Krypton ion, HeNe, HeCd, Yag
UV (Arc) Lampy

Mercury, Mercury-Xenon

binson Purdue University BMS 631
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Fluidika - Laminarni vs. turbulentm

proudéni

*Turbulentni proudéni je
charakteristicke chaotickymi
(stochastickymi) zménami

=Laminarni proudéni —
kapalina proudi v paralelnich
vrstvach které se vzajemné
nemisi

Jwikipedia org

K. Soucek Bi9353 Analyticka cytometrie
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Supplementary Figure 1 | Flow cytometry gating strategy

a. Peripheral blood NK or YT NK cultured with JEG-3.

= e I . T 208 -
w - Lymphocyles - 7
3 402

- ™3 single Cells .
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3 |2 3
1o = o B o= ek
FSC-A FSC-A

b. Tumor infiltrating lymphocytes (TILs) from tumor-bearing mice




Nastroje pro analyzu dat

Vyrobci HW

* Beckman Coulter
* Kaluza

* Becton Dickinson
* FACSDiva
* FACSSuite
*  Flowlo

* BioRad

* Sony

* Milteney

[ ]
Univerzalni platformy
*  Komercni
* Flowlo

* FCS Express | De NOVO

Software‘

™

Turning Cytometry Data Into Results

* Freeware
* Flowing Software
* Cyflogic
* BioConductor - Flowcore
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enberg LA, Tung J, Moore WA, Herzenberg LA, Parks DR (2006) Interpreting
ytometry data: a guide for the perplexed. Nat Immunol 7: 681-685



BOX 1 SUGGESTED GUIDELINES FOR FACS DATA
PRESENTATION#

Instrument: Identify the FACS instrument and the software used to collect,
compensateand analyze the data. Include model and version number where more than
one exists.

Graphic displays: Choose smoothing, graph and display options according to the
dictates of the study. Be consistent across all displays in an analysis. Indicate the
number of cells for which data are displayed and, where applicable, the contour or
color density intervals used in the figure.

Scaling: Show all parts of the plot axis necessary to indicate the scaling that
was used (such as log, linear or ‘logicle’). Numerical values for axis ‘ticks’ can
be eliminated except when necessary to clarify the scaling. For univariate (one-
dimensional) histograms, the scale for the abscissa (y axis) should be linear and should
begin at zero unless otherwise indicated. Numerical axis values should not be included
with the zero-based linear axes but should be shown for other axes.

Gating: Display the gates used at each step in the gating sequence when gates are
set manually (subjective gating). Show data for control samples when these are used
to set gates. If necessary, present this information in supplementary figures. When
an algorithm is used to set gates, define it explicitly and state that it has been used.
Gating is assumed to be subjective unless otherwise stated.

Frequency measurements: Show the frequencies (or percentages) of cells in gates
of importance in the study. Compute these values relative to the total number of
cells presented in the display on which the values appear. If a different frequency
computation is used, define the method that was used and where it was applied. The
graph itself cannot convey this requisite information.

Intensity measurements: Explicitly define the statistic applied (mean, median
or a particular percentile). All statistics should be applied to the ‘scaled’ intensity
measurement rather than to ‘channel” numbers.

Herzenberg LA, Tung J, Moore WA, Herzenberg LA, Parks DR
(2006) Interpreting flow cytometry data: a guide for the
perplexed. Nat Immunol 7: 681-685
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Analyze: Cytobank

Plot raw data
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Search

Installation

Getting Acquainted

Workspaces and Samples

Graphs and Gating
Tabular Reports in the Table Editor
Graphical Reports in the Layout Editor
Technical FAQ
Advanced Features

o Archival Cytometry Standard (ACS) flles
Templates

°

R-Tools in FlowJo
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Remote data
Dimensionality Reduction
= ISNE
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Command Line FlowJo
Script Editor

Taylor Index

Data De-identification Utility
Platforms

°

o

°

Plugins

Setling Your Preferences
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tSNE

T-Distributed Stochastic Neighbor Embedding (tSNE) is an algorithm
for performing dimensionality reduction, allowing visualization of
complex multi-dimensional data in fewer dimensions while still
maintaining the structure of the data.

Full Gating Path

W Lymphacytes/DownsampleDP.Pop/Q3: CD3+, COLO-/Q3; CD4+ , CO8-/CD127-CD25+
Lymphocytes/DownsampleDP.Pop/Q3: O3+, COL9-/03: CD4+ , CO&-

B Lymphocytes/DownsampleDP.Pop/Q3: CD3+ , CD19-/Q1: CD4- , CD8+/CD127-C027+
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B Lymphocytes/DownsampleDP.Pop/Q1: CD3- , CO19+ gD+
Lymphocytes/DownsampleDP.Pop/Q1: CD3- , CD19+

W Lymph: s/DownsampleDP.Pop/Q4: CD3- , CD19-/CD56+/CD197+

¥ Lymphocytes/DownsampleDP.Pop/Q4: CD3- , CD19-/CD56+

O DP.Pap

1SNE_Y_P_20_E_200_1_550_T_0.5

T T T
I H n

ISNE_X_P_20_E_200_1_550_T_0.5

tSNE is an unsupervised nonlinear dimensionality reduction algorithm useful for visualizing high
dimensional flow or mass cytometry data sets in a dimension-reduced data space. The tSNE
platform computes two new derived parameters from a user defined selection of cytometric
parameters. The tSNE-generated parameters are optimized in such a way that observations/data
points which were close to one another in the raw high dimensional data are close in the reduced data
space. Importantly, tSNE can be used as a piece of many different workflows. It can be used
independently to visualize an entire data file in an exploratory manner, as a preprocessing step in
anticipation of clustering, or in other related workflows. Please see the references section for more
details on the tSNE algorithm and its potential applications [1,2].

FlowJo v10 has an extremely powerful native platform for running tSNE. It can be accessed and run
through the Populations menu (Workspace tab — Populations band).

« The native platforms in FlowJo (such as tSNE) do not require R.

71 AN Samples
- Compensation
ECompensation

> Bhttps://docs.flowjo.com/flowjo/advanced-features/dimensionality-reduction/tsne/
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Cell cycle and proliferation




daughter cells

3 CELL
DIVISION

1 CHROMOSOME
REPLICATION AND
CELL GROWTH

2 CHROMOSOME
SEGREGATION

Figure 17-1. Molecular Biology of the Cell, 4th Edition.




Approaches

» Cell cycle analysis
» DNA synthesis analysis
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Figure 18-1. Molecular Biology of the Cell, 4th Edition.
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Figure 17-16. Molecular Biology of the Cell, 4th Edition.


http://www.cellsalive.com/cell_cycle_js.htm
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Figure 17-8. Molecular Biology of the Cell, 4th Edition.
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https://www.youtube.com/watch?v=dXpAbezdOho
https://www.youtube.com/watch?v=qq5k1sWqLO0

Cell cycle analysis

One of the oldes application of flow cytometry, analysis of the cells in cell
cycle phases based on the quantification of DNA

« flow cytometry is convenient method for quick and relatively precise
determination of cell cycle

« DNA is simply labeled using fluorescent dye specific for DNA
e Propidium iodide
« 4',6-diamidino-2-phenylindole (DAPI)
- fluorescence increases after binding to DNA. Membranes have to be
permeabilized.
« Hoechst 33342
« Vybrant® DyeCycle™
« DRAQ5
e Quaternary benzo[c]phenanthridine alkaloids (QBAs)

Slaninova, J. Slanina and E. Taborska, "Quaternary benzo[c]phenanthridine alkaloids--novel cell permeant and red fluorescing DNA
probes," Cytometry A, vol. 71, no. 9, pp. 700-708, 2007.

- labeling of live cells (possible cytotoxicity)




propidium iodide
DAPI

oechst 33342
-AAD
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An impressive new version of the industry standard.
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Analysis if BrdU incorporation

m Bromodeoxyuridin (BrdU) is incorporated into DNA
instead of thymidine during S-phase

m BrdU is detected using specific antibody after the
fixation and partial denaturation of DNA (acid,
DNAse)

m DNA can be stained in the last step



Analysis if BrdU incorporation
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Click azide/alkyne reaction
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3H-thymidine

Tritiated (3H) thymidine




3H-thymidine

 Original method for measuring cell
proliferation

 Radioactive

* Not compatible for multiplexed analyses




BrdU

BrdU (5-bromo-2'-deoxyuridine)




BrdU
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Non-radioactive

Multiplex compatible but, strand separation @
equirement for anti-BrdU access, can affect:

* Ability for other antibodies to bind
* Morphology

* Ability for dyes that require dsDNA to
bind efficiently, i.e., cell cycle dyes

(Bs




Click-iT™ EdU

EdU (5-ethynyl-2'-deoxyuridine)
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Click-iT™ Edu

* Non-radioactive

* No DNA denaturation required

» Simplified protocol

« Small molecule detection

* Multiplex compatible, including
* Other antibodies

* Dyes for cell cycle analysis




Immunophenotype characterisation of the

cells Cell Cylcle (DNA content, Cell
(CSCs markers, differentiation, cycle modulation after

\ / treatment)

LI [-L - ooE
@5 088

W 401
180

CD44 APCICy7

Trop-2 AFA88.
Cell Death analysis
(AnnexinV, Cleaved
Caspase3, ...)

Proliferation (BrdU,
EdU, mitosis - pH3)

DNA damage ( yH2AX,...) Viability assays (propidium
iodid, CalceinAM, ...)
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Fluorescent proteins

bioluminescence resonance energy transfer (BRET)

Aequorea victoria - jellyfish

» Blue bioluminescence. Ca?* interacts with aequorin photoprotein.

» Blue light excites green fluorescent protein.

Renilla reniformis — coral

» luminescence appears after degradation of coelenterazine in the presence of
luciferase enzyme.

» Blue light excites green fluorescent protein

Renilla reniformis "Sea Pansy"

Aequorea victoria “Crystal jelly “

‘ http://www.mbayaq.org/efc/living_species/default.asp?hOri=1&inhab=440 http://www.whitney.ufl.edu/species/seapansy.htm



Fluorescent proteins
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Roger Tsien

> ~ 2002 — mutated FP = wide
spectrum of colors

http://www.tsienlab.ucsd.edu/

MERAELIOHW "
BUBLIE W -

abuelow ‘
olewoLpl il
1

3335335
7 2 2 0 2 @ 3
= B b o W
mg—-EvEE
%.m'z—gm
ma |
P
]
y -~
I 4 -
zg oy -



nalysis of

—r L\ T
100 19
Channels

synchronized cells

A

£
LLLLLL




Fucci
(fluorescent ubiquitination-based cell cycle indicator) cells

g mK02-Cdt1(30/120)
“rlls  mAG-Geminin(1/110)

‘ 265 Proteosome

5 Poly-ubiguitin chain

e

Chemistry & Biology 75, February 2008 ©2008 Elsevier Ltd

Ubiquitin E3 ligase complexes

G1 - AP(CCdnl Nature Methods - 5, 283 (2008)

S, G2, M- SCF5kp?



Fucci
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Visualizing Spatiotemporal Dynamics
of Multicellular Cell-Cycle Progression

Asako Sakaue-Sawano,'* Hiroshi Kurokawa,’#* Toshifumi Morimura,? Aki Hanyu,® Hiroshi Hama,' Hatsuki Osawa,’
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Summary

> DNA analysis

» Require fine sample preparation, debris elimination,
sw tool for precise analysis of hlstograms

» It is possible to combine with analysis of other
parameters e.g. DNA synthesis

» Fluorescent proteins
» Fucci — elegant tool for in vitro a in vivo experiments
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Spectral flow cytometry
J.P. Robinson, Purdue Universit

Cytometry Part A o 81A: 35—44, 2012

ORIGINAL ARTICLE
Cytometry
Havancementof yiometny MIFlowCyt

Hyperspectral Cytometry at the Single-Cell Level Using
a 32-Channel Photodetector

Gérald Grégori,l’2 Valery Patsekin," Bartek Rajwa,l’3 James Jones,* Kathy Ragheb,l’3
Cheryl Holdman,"? J. Paul Robinson!***

2 Microsc Microanal 11(Suppl 2), 2005
DOI: 10.1017/51431927605510328 Copyright 2005 Microscopy Society of America
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Spectral flow cytometry
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See Everything

The SP6800 Spectral Analyzer is Sony
Biotechnology Inc.'s newest innovative life
science system fundamentally expanding
the way cell and biomarker analysis can be
performed. This system incorporates a
unique optical bench, Blu-ray™ disc
technology, and advanced algorithms to
deliver some of the most accurate and
precise data available.

The SP6800 Spectral Analyzer also
introduces new Flow Point technology to
analyze core stream and sample event
location within the flow cell. To improve
accuracy of data, this system also
provides unique functions to display and
analyze cellular autofluorescence and
allows the user to easily automatically
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Conventional vs. spectral analysis
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Personalni systemy

CYTONOME VIVA™

Portable GFP Cell Sorter for Your Lab
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Flow cytometrie a analyza obrazu




ThermoFisherScientific: Attune CytPix Flow
Cytometer
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PrimeFlow™ RNA Assay

Sample Preparation Target Hybridization Signal Amplification > Detection
Flucrescence-labeled probes
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Briliant Violet polymers
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Figure 2: The number of detectable Muorochromes per laser in conventional flow
cytometry is limited by the capture of the emission peak. Spectral flow cytometry
distinguishes Muorochromes based on full spectrum signatures, thus enabling detection
of meore flusrochromes per laser.



Ceska spoleénost pro analytickou cytometrii, z. s. g“ - o
Pro¢Byiélenem CSAE?
CSﬁ\,C pro sVe éleny:

* organizuje konferena Analyticka cy&netrle kazde
dva roky (s lécastl vybranych zahranlcn@ recniku z
.vse oblas i cytome}r;le)

CSACje malou organizaci a Zije jen B-klu 3 ; \ ; -
aktivitou svych ¢lenu. . podporu_je Vam'l orgamzovane cytometricke semmé@
. (finan¢né, organizacné, odborné)
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Shrnuti prednasky

prutokova cytometrie:
» nabizi Siroké spektrum aplikaci;

» rychly zpusob analyzy a separace
heterogennich populaci;

» separace populaci;
» multiparametricke analyzy.
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