CRC |y

= =
M &

Prutokova cytometrie

Mgr. Ondrej Vymazal
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Uvod

— Co je to prutokovy cytometr?
— K jakym aplikacim se vyuziva?

— Jak funguje?
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‘ Vimdis 00 analyTeid cytmatrin bk, Jho bys 15 vymeitoval dormatencs v Hetsm radniy

Otazka pro chatGPT: vysvétli, co je analyticka cytometrie tak, jako
bys to vysvétloval dorostenci ve tfetim ro¢niku obecného gymnazia . Zkus
pouzit jednoduchy jazyk a priklady, které by dorostenec mohl snadno pochopit.

6] Co je analytickd cytometrie je technika, kterd ndm umozZniuje podrobné zkoumat — === "= e
bunky. Buniky jsou zakladni stavebni kameny vseho Zivého, v€etné nas samotnych. s et
Predstav si, Ze mas velkou krabici LEGO kosticek ruznych barev a tvarl a chces zjistit, oo
kolik je v nich Cervenych kosticek. Mohl bys je samozrejmé vysypat a pocitat je jednu :m;“:d;:::t::xm"m:ﬁm
po druhé, ale to by trvalo dlouho. Misto toho muzes pouzit specialni pfistroj, ktery — —ummrmmzmsscne
prohlédne vsechny kosticky a fekne ti, kolik z nich je cervenych. To je podobné tomu, M:.:,.w.::jww“m
co déla analyticka cytometrie, ale misto LEGO kosticek se divame na bunky. R e

Kdyz chceme zjistit néco konkrétniho o bunkach, napriklad kolik z nich ma urcitou
molekulu, mizeme je oznacit specidlnim barvivem , které se prichyti jen na bunky s
touto molekulou. Pak pouzijeme pfristroj zvany cytometr, ktery rychle prohlédne
vsechny bunky a rekne nam, kolik z nich ma toto barvivo.

Tato technika je velmi dulezitd v mnoha oblastech védy a mediciny. Napfiklad, mUze
nam pomoci zjistit, jaké typy bunék jsou pritomny v krvi pacienta s urcitou nemoci,
nebo jak reaguji bunky na novy lék.
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Uvod

— Co je to prutokovy cytometr?
— K jakym aplikacim se vyuziva?

— Jak funguje?
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Cell Surface

Lineage markers \
Activation markers

Cytokine and chemokine receptors

Intracytoplasmic
or Intranuclear
Cell signaling proteins

Cell Processes
Apoptosis
Cell viability
Proliferation
Fluorescent Proteins
GFP, YFP, mCherry etc.

Intracytoplasmic
Cytokines, chemokines,
various proteins

Legend. Gating on Single cells by P2 gate on Pl Area v Width parameters shows the degree of
Plaidy, from G1 (2N), Gym (4N), 8N and 16M.
Courtesy to Eleni Pantazi Cutanecus Research, ICMS, 4 Newark Street, London E1 2AT, UK.
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Uvod

— Co je to prutokovy cytometr?
— K jakym aplikacim se vyuziva?

— Jak funguje?
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Uvod

— Co je to prutokovy cytometr? Pristro), kiery pocita castice/bunky a
meri parametry u kazde jednotlivé z nich.

— K jakym aplikacim se vyuziva? Fenotypizace, analyza bunecneho
cyklu, viabilita, funkcni analyzy.

—Jak funguje? Proud jednotlivych bunek v suspenzi proteka skrz
paprsek svetla a na zaklade rozptylu a odrazu svetla bunkou
cytometr meri jejich vlastnosti.

10 Flow cytometry, Ondfej Vymazal, Department of Biology
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What we think happens during What really happens during
flow cytometry flow cytometry

I'm going with
the flow
I\

w3

Cell Sample

Fluorescence
Detector

\

Laser Light
Source ﬁ

/
. v _‘_0__} S_cattered
/; light
: Optical
Droplet with cell Filter
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Trocha historie

—1940-1950 Vyvoj principu, které se vyuzivaji v prutokové
cytometrii, jako jsou fluorescencni barvy, pocitani Castic v proudu
vzduchu.

— 1953 — Laminarni proudeni.

— 1956 Wallace Coulter — Méfeni zmén vodivosti béhem pruchodu
bunek v suspenzi malym otvorem.

—1960-1970 Vyvoj cytometru.
— RozSifeni a rozvoj prutokové cytometrie.

==
m e
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Technické soucasti

Bunky v suspenzi

proudi jednotlive pres
ozarovanou cast,
kde rozptyluji svetlo
a emituji fluorescenci, ktera je
detekovana, filtrovana

a prevedena na digitalni hodnoty, ktere F=P R
jsou analyzovany a ulozeny v pocitaci.

13 Flow cytometry, Ondfej Vymazal, Department of Biology
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Suspension fluidics 3 elements of any
ow cytometry system
fl ytometry syst

Sheath .. s Sample
Fluid . Core
Stream

1
®
O
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1
o)
=
O
n

FALE Detector

Schermatic of flow cytorneter instrurment
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Fluidika

— Laminarni proudeni.
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low sample high sample
pressure pressure
{12 pUmin) laser beam {60 pLimin) laser bean

Fluidika

sheath T sheath shegth
fluid sample fluid fluid

she‘_:lh
sample fluid

— Hydrodynamické zaostrovani zarovnava bunky v systému fluidiky,
kde jsou bunky analyzovany. AT i
a8 i the center of

Sheath pE W the stream for 3’% t
Fluid Sample L5 8 interrogation * 7| /
J detector ;t l l-'7 ] ‘J o
lens ! é{.—#( : \ il ‘ , o A ‘:
filt & j ' . v
N Hydrodynamic |
\ / Focusing
Y Laser > Light

\ Scatter

Fluorescent - . ——
(" Slgnal B e - = B e
[ :

\-**‘n:o':x./




M U N I ST. AMNE'S
ICRC | o A

M
Technické soucasti

Bunky v suspenzi

proudi jednotlive pres
ozarovanou cast,
kde rozptyluji svetlo
a emituji fluorescenci, ktera je
detekovana, filtrovana

a prevedena na digitalni hodnoty, ktere F=P R
jsou analyzovany a ulozeny v pocitaci.
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Optika

zdroj svetla/laser

— cyan
—> green
- —> yellow

} —> orange
—> red

} —> blue

— UV/Arc lamps

— Lasers v (350-363 420, 457, 488, 514, 532, 600, 633 nm)

500 0
. A
Argon ion, Krypton ion, HeNe, HeCd, Yag 405 488

A Pt

445 532 552 561

—>
—>

AVAW Y
."'__._a s
-~ LAY AT TN AN
."\ A ‘u M-.'-‘\'-\," ’ \r.'-r'h
VAV AYAY L .
UV AN Ly -
~ '.‘ 'b
~
Thermal emitter Laser

(lamp)

http:/fwww i1t fraunhofer. de/eng/100053 html
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Optika

Opticke drahy

— Draha svétla od ozarené bunky az k detektoru.
— Optické casti oddeluji jednotlivé vinové delky.

488110 %ssom

585/42 \ | 90/10 Beam splitter
— Optical filter system G i
Detektor = “» '
Flow cell x x N »| SSC side [:;_?._!\"66"16 M
> > scatter W '/ N
1 3 DM 5605p
Laser beam ﬂ Detector Detector Detector /s
A =488 nm Hydrodynamic FL1 green FL2 red FL3 orange
focusing -
/1 Fluorescence channels: FL1...FL3 63 Fhaackacs
Cells stained collection lens
Sheath fluid for example with
SYBR green

Beam combiner

19 Flow cytometry, Ondfej Vymazal, Deparmetment of Biology - 488110

Blue laser
- Red diode laser
-635 nm

Focusing
lens
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Cells From Sample j

0.0
® 20 FL3
@ @) a
e® I
0® | FL2
o _
. ]
® | FL1
@ _
O
Excitation Laser @ - s [ Analog-to- | To Computer
_ Amplification |  Digital
— FSC — Conversion
8 \ v J \ v y
© Optical Detectors
To Waste + Filters
Container
| v J v J L v J
Fluidic System Optical System Electronic System
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575 nm Short Pass Filter

<575 nm light transmitted

Optika

Filtry

Light source

520 nm Long Pass Filter

=520 nm light transmitted

— Pouzivaji se k oddeleni vinovych delek.
— V uhlu 45° funguji jako dichroicka zrcatka.

Optical filter system 630/20 nm Band Pass Filter

Detektor 620-640 nm light transmitted
Flow cell &~ N Er- | SSC side
> > scatter

Light source
Laser beam Detector Detector Detector
A =488 nm Hydrodynamic FL1 green FL2 red FL3 orange
focusing . . .
/ Fluorescence channels: FL1...FL3 540 nm Dichroic Short Pass Mirror

Cells stained . .
Sheath fluid for example with <540 nm light transmitted

SYBR green

Light source

=540 nm light reflected
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Longpass Shortpass Bandpass

700 750 800 460 500 540 460 525

525/50 (rozsah)
525+/-25 = 500 az 550
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MED
Forward Angle Light Scatter 90 Degree Light Scatter

Optika

Laser

Laser FALS Sensor

FALS
Sensor

i
3
2
3
2
¥

— Informace o povrchovych
vlastnostech a velikosti bunky. nf oLs Se"“’l 4
— Umozfiuje rozlisit Zivé buriky. — NIOATALe O granuiants,

~ ] Inkluzich a hustote bunky.
1 /)  Mdizem rozliSit bunky podle
= | granularity.
23 Flow cytometry, Ondfej Vymazal, Department of Biology m? 15:1::::: lEJ IB
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Fluorescence Detectors

Optika

— Fluorescence emitovana
kazdym flourochromem je -
detekovana specifickym
fluorescenCnim kanalem.

— Specificita detekce je

C Vi e Fl detect
zarucena selektivitou filtru a uapesgene etestor

FALS Sensor

V4
Z rca te k - Optical filter system
Detektor
Flow cell b g P SSC side
> > scatter
Laser beam Detector Detector Detector
A =488 nm Hydrodynamic FL1 green FL2 red FL3 orange
focusing
/ Fluorescence channels: FL1...FL3
24 Flow cytometry, Ondfej Vymazal, Department of Biology Calis stainad
Sheath fluid for example with I\/| E D
SYBR green
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Optika

s o Dot Plot
2317 =
L
(=
o é‘ m
= A S
= o =
@ I B
173~ 5 £
Lo} o
@ as
Negmwe I 8 _
@ Control = % =
5 o
3115 =
(&) i
9 , O Tee . qa 102
571 e Fluorescence 1 Intensity (Green)
=
0 — . &
100 107 102 108 104 -
FL1Log —10° 10" 104
Fluorescence 1 Intensity (Green)

Histogram

==
m e

25 Flow cytometry, Ondfej Vymazal, Department of Biology

=



ICRC ™

ma
O =

I ST. ANNE'S ﬁ

—

Optika

Detektory

— Diody (pouzivaji se ve forward scatteru).
— Pouze pro silné signaly, lepsi linearita.
— Fotonasobice (PMT detektory pro fluorescenci).
— Citlive, ale mohou se poskodit preexponovanim vysokou silou laseru.

Phrotocathode Anodo

r o " Electncal

connectors
n t

photon ele f}d«

e ettt e R e

Photomuitpliorn tube (PMT)

=
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4R825
o BEE
-
FL5S
Use 68013 titer for 635nm | asel
Use $1020 Titer for 488am Lase
W ‘
§10/20 470 LP
FL4 ' 670 LP
\ﬁ
" L Fluorescence FL3
Collecton Lens
488 pase/
|l 633 reflect i
Flow FSC
Coll
UV pass/
488 & 633 reflect Focusing Lens
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7-AAD
PE-Cy5 Alexa Fluor 647 BV421
PE-Cy5.5 Alexa Fluor 633 DAPI
PerCP Violet Pacific Blue
Blue PerCP-Cy5.5 PE

AmCyan
BV510
V500
Alexa Fluor 488
FITC
GFP
Rho 123

28 Flow cytometry, Ondfej Vymazal, Department of Biology




FACSCanto

Laser Detector Fluorochromes

450/50 Pacific Blue, eFluor 450, V450, BV 421, Cascade Yellow,
(DAPI)
510/50 AmCyan, BV 510, Krome Orange, V500, Cacsade Blue

530/30 FITC, Alexa Fluor 488, BB 515, CFSE, Fluo-3, GFP
585/42 PE, PI

670LP PerCP, PerCP-Cy 5.5, PC5, 7-AAD

780/60 PC7

660/20 APC, Alexa Fluor 647, eFluor 660

780/60 APC-Cy7, APC-H7, APC - Alexa Fluor 750, APC-eFluor 780

29 Flow cytometry, Ondfej Vymazal, Department of Biology
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7-AAD
PE-Cy5 Alexa Fluor 647
PE-Cy5.5 Alexa Fluor 633

PerCP APC-Cy7 Violet

Blue PerCP-Cy5.5 PE APC-H7 B ed

Alexa Fluor 488
FITC

GFP

Rho 123
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Zdroje fluorescencniho signalu

— Protilatky znacené fluorofory.

— Autofluorescence.

— Fluorescencni barvy — PI, GFP,...

— Jiné chemicke latky s fluorescencnimi vlastnosmi (lécCiva,
alkaloidy,...).
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Fluorochrome chart
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Sestaveni mnohobarvného panelu

— Parujeme silné fluorofory (napr. PE) s markery, ktere jsou

exprimovany v nizkych hladinach.

— Slabé fluorofory (napr. Pacific Blue) parujeme s markery s

vysokou expresi.

Antigen Density for Common Murine Markers

Antigen density of common murine markers found on the surface of freshly isolated splenocytes from C57BL/6 mice.

1,000,000 4 n Ultraviolet
(355 nm)
f I .
. : 4 Violet
(405 nm)
100,000 . ‘—‘ . ‘

-

3 v g 0 N Blue

g n v % (488 nm)

8 2 g

] 10,000

<

1,000

R G L s B A L R S e S P
T FF ST NG & F
)

Lymphocytes Monocytes Granulocytes

Fluorochrome

BD Horizon™ BUV661
BD Horizon™ BUV737
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Moderate

Dim

BD Horizon™ BUV395
BD Horizon™ BUV496

BD Horizon™ BUV805

BD Horizon™ BV421 : :
5 BD Horizon™ BV605 . BD Horizon™ V450
BD Horizon™ BV650 P BD Horizon™ BV510 R
BD Horizon™ BV711 BD Horizon™ BV786 BD Horizon™ V500
BD Horizon™ BB515 PE FITC
BD Horizon™ PE-CF594 PE-CyT™7 Alexa Fluor® 488 PerCP
PE-Cy™5 Y PerCP-Cy™5.5
PE
8D Horizon PE-CF594
PE-Cy5
PE-Cy7
APC Alexa Fluor® 700
Alexa Fluor® 647 APC-H7
BD Horizon™ APC-R700 APC-Cy7
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FACSCanto ICR m E

Laser Detector Fluorochromes

450/50 Pacific Blue, eFluor 450, V450, BV 421, Cascade Yellow,
(DAPI)
510/50 AmCyan, BV 510, Krome Orange, V500, Cacsade Blue

530/30 FITC, Alexa Fluor 488, BB 515, CFSE, Fluo-3, GFP
585/42 PE, PI

670LP PerCP, PerCP-Cy 5.5, PC5, 7-AAD

780/60 PC7

660/20 APC, Alexa Fluor 647, eFluor 660

780/60 APC-Cy7, APC-H7, APC - Alexa Fluor 750, APC-eFluor 780
¥
s
&
5
8
i
-
-
E
2
E3
Wavelength (nm)
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Technické soucasti

Bunky v suspenzi

proudi jednotlive pres
ozarovanou cast,
kde rozptyluji svetlo
a emituji fluorescenci, ktera je
detekovana, filtrovana

a prevedena na digitalni hodnoty, ktere F=P R
jsou analyzovany a ulozeny v pocitaci.
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_ Zpracovani signalu 7 " ICRC

— Kdyz bunka prochazi laserem, rozptylene svetlo vytvori puls na

senzoru.
Creation of a Voltage Pulse Height, Area, and Width
o @
1 Laser E
Time f‘
° % Pulse area(A)
2 |aser O § g E
Time Y f
* Pulse Width Time (us)
. (W)
3 Laser O § I\/I U I\I I
— &BD MED

@ BD



1000 9Ot plot
T
] Lin or log
signal
° ‘ amplification
' FL-2 (H)
l Analog/digital

>
»

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

Zpracovani signalu

Analog/digital conversion

0 el 1000 W %

/\ FSC ~ cell size /L — conversion

FL-

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

-

analog signal intesity
VOLTAGE

—

time
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Electronika

256

Analyza dat

rescence
Rea fluo s

RALS LOG
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4Color TBNK + TruC02.01
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SSCH
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FSCH

o 4Color TBNK + TruC02.01

A
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SSCH
102 107 102 102 10

10 10! 10?2 10° 109
FSCH

Zobrazeni namerenych dat
— histogram
—dot plot
— Isometric display
— contour plot
— chromatic (color) plots
— 3D projection
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Elektronika Analyza dat
Gatovani

Lymphocytes > Singlets > Viable Cells > CD3+ > CD4+ and CD8+
= L] o w L]
5 | Viable s 3 s | CO4e co8
w7 W 785 %Y esa 05
i g »'% 3
. z < > S g
§ ¢ g $ 2 g
W=
i § 23 §
0 ] 4
|0’ds
| ] S RUALARES : 2 LALiAN § T Ty -
»10’ 0 'IOJ w‘ !95
FSC.A FSC.A FSC.A Comp-GB10.A : CDM5 Comp.V7T80-A . CO8

A representative Nested Gating Strategy illustrating lymphocyte population
being subgated to the level of CD4+ and CD8+ T Cells.

T L S = _ 4Color TBNK + TruC02.01
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Kompenzace

PE 580/30 Bandpass

FITC 530/40 Bandpass

Fluorescence Intensity

tion/Emission

% Normalized Excital

| AmCyan Excitation
M &rilliant Violet 421™ Emission

FITC PE
53030 585/42

Unwanted

mFL2
roughly 15%

Relative Intensity

500nm 550nm 600nm 650nm

Wavelength (nm)

10¢

signal detected

PE - no stain

FITC CD3

Total signal
detected n FL1

M srilliant Violet 421™ Excitation

Compensated

Wavelength (nm)
B 2mcyan Emission M 2pc Excitation M 2pc Emission
FITC Excitation M Frrc Emission [ PE Excitation
Uncompensated
g -
S B ‘=°
7] .5(;; ™
8 % =
g =8
m 1
N B
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Relative Intensity

Kompenzace

— Nutné jsou jednobarevné kontroly pro kazdy fluorofor, ktery je
pouzity v koktailu protilatek pro dany experiment.

— K tomu vyuzivame znacené bunky nebo kompenzachni kulicky.

— Kompenzaci pak muzeme pouzivat pfi opakovani pokusu ve
stejném nastaveni, ale pri zmene protilatek musime udelat novou

_kompenzaci.
_' 530030 585/42
Unwanted
signal detected
m FL2

500nm 550nm 600nm 650nm

Wavelength (nm)

roughly 15%

PE - no stain

10¢

‘10’

10°

FITC CD3

™~

Total signal
detected in FL1

PE - no stain

Uncompensated

FITC CD3

‘\\
/

FL2-15%FL1

PE - no stain

_‘ﬂ J _. 10+
AR
ot

"m.*a =

s F
I S

Compensated

P
3 .
:':i!.

FITCCD?
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Kompenzace

—Video o kompenzaci v BD software
— Compensation of a 7 color panel on the BD LSR II:
https://youtu.be/SUHWADIArx4
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Vyuziti

Cell cycle analysis

— Fluorescent dyes binding DNA.

— Cells have to be fixed and
permeabilized.

— Quaternary benzo[c]phenanthridine alkaloids (QBAS)
— I. 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.
— Can be used to label viable cells.
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Vyuziti

Cell cycle analysis
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— Software for analysis of distribution of cells in individual phases.
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— Based on detection of membrane integrity.
— Some fluorescence dyes (PI,EBr) don't leak into live cells.

Dead Cell

LIVE/DEAD® Fixable Dead Cell Stain Kits . . . | / gk
@ Invitrogen' Lz |

Reactive dye Excitation source Ex* Em*
blue fluorescent reactive dye (L23105) v 350 450 2000 |
violet fluorescent reactive dye (L34955) 405 nm 416 451
aqua flucrescent reactive dye (L34957) 405 nm | 367 526 @ 1500
vellow fluorescent reactive dye (L24959) 405 nm 400 575 § , live
green fluorescent reactive dye (L23101) 488 nm [ 495 520 g 1000
red fluorescent reactive dye (L23102) 488 nm 595 615 g
far red fluorescent reactive dye (L101.20) 633/635 nm 650 665 500 |
near-IR fluorescent reactive dye (L10119) 633/635 nm 750 775 L/ L//
*Approximate fluorescence excitation (Ex) and emission (Em) maxima, in nm. i
100 1000 10,000
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Doxorubicin accumulation

— Chemotherapeutic drug with fluorescent properties.

— Cells get rid of it from intracelular space using ABC-transporters in
cytoplazmic membranes.

S seenme ABC-transporter
I Negative control Ouiside
g Doxorubicin soesesec '
= 2/3/|4||5||6 7(8(|9 11 12
= P | Achillin +Doxurubicin | R
g I Verapamil+ Doxorubicin Cytoplasm :.‘ /5‘; \/ /\\.T),kwg ab”a x“ ‘; '; | apgbna
- ) dll
' |
| )
B i i R ’ \' e (ks Doxorubicin * v
10 10 10° 10 10 10’ 10’ 107 10 10t
FL2-H FL2-H
(a) Hep3B/PTX cells (b) Hep3B cells
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Dekuji za pozornost!
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