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Topic
= Introduction of Flow Cytometry

= Instrument setup

= Application of Flow Cytometry



What is Flow Cytometry?

Flow = Fluid
Cyto = Cell
Metry = Measurement

A variety of measurements are made on cells, cell
organelles, and other objects suspended in a liquid and
flowing at rates of several thousands per second through a
flow chamber.
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Particle Size

e Detection range: 0.5~50um

Bacteria  Phytoplankton  Red Blood Cell BD CBA Bead Lymphocyte
0.5 um 2um 6 um 7.5 um 8 pm
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Neutrophil
12 um

Monocyte
14 um
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Smaller
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What Can a Flow Cytometer
Tell Us About a Cell?

. Its relative size (Forward Scatter—FSC ; Bi[@& &Y Y)

« Its relative granularity or internal complexity
(Side Scatter—SSC ; {HI[EELE )

« Its relative fluorescence intensity
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Scatter Light

Forward

Sm
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\ FSC Sensor

SSC Sensor

Forward Scatter—diffracted light
» Related to cell surface area
+» Detected along axis of incident light in the forward direction

Side Scatter—reflected and refracted light
+» Related to cell granularity and complexity
+» Detected at 90° to the laser beam

I
© 2016 BD. BD, the BD Logo and all other trademarks are property of Becton, Dickinson and Company. w B D



Scatter Light
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Scatter Light indicating physical
properties of cell

Cell Line

Acguisition Dot Plot

Aggregation

S5C-H
200 400 GO0 200 1000
|

Cell debris
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Ex. Lysed Whole Blood
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Flow Cytometry Detection Principle
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Fluorescence Light

@]
A =488 nm How %=520 nm
AP ~—t_t)

Incident 6’ CO,H Emitted Fluorescent
Light Energy Light Energy
Fluorescein gt _
Molecule Antibody

» The fluorochrome absorbs energy from the laser.

» The fluorochrome releases the absorbed energy by:
— vibration and heat dissipation.
— |emission of photons of a longer wavelength.

I
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Fluorescence Light
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Fluorescence intensity

Emitted fluorescence intensity proportional to binding sites

FITC

FITC

Number of Events

Fluorescent Intensity —*
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BD FACSCanto II™
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Main Component

Fluidics @i &4
To introduce and focus the cells for interrogation.

Optics KB x4
To generate and collect the light signals.

Electronics EF %4t

To convert the optical signals to proportional digital signals,
process the signals, and communicate with the computer.

"
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Fluidics - BD FACSCanto II™

FACS Shutdown solution FACSClean
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Housekeeping Solution Capacities
BD FACSFlow™ sheath solution 20 L

BD™ FACSClean solution 5 L
BD FACS™ shutdown solution 5 L
Waste tank 10 L



Fluidics - BD FACSCanto II™

Sheath Flow Sample Flow

sheath tank
test tube

sheath filter

sample injection
interior reservoir tube (SIT)

flow cell

interrogation point 3 lp‘ l‘i&q“‘ 7

waste aspirator 4

"
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Sample Flow
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Sample Differential

Low Sample Pressure High Sample Pressure

o
o
11 a
]

red laser
blue laser

B+ ]
sheath/ sheath  sheath sheath

FACSCantoll flow rate
Low = 10 pL/min, Medium = 60 pyL/min, High =120 pL/min
* MR BHA B AR R E R E L
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Optical

e EXcitation optics:
— Lasers

— Filters and mirrors that route the laser light to the
fluid stream

e Collection optics:

— Fiber optic cables that direct the emitted light to
the appropriate emission block

— Filters that direct the signals in the emission block
to the appropriate photomultiplier tube (PMT)

I
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Excitation Optics

fiber optic cables prisms focusing
lens BN RS 52

=
sl

steering plate

O 633nm flow cell

red laser

488nm

blue laser
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Optical Filters

Longpass Bandpass
460 500 540 460 200 540

LP 500 P500/50

A
[N
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FACSCanto II™ - Collection Optics

(8 detectors)

Fiber Optic

Side Scattered and
Fluorescent Light

Forward Scattered E.
Light

FSC
Photodiode
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Collection Optics—Octagon

Blue Laser Signal

« BUDETRIEF : BEE5—E
« RHHEIE : BEERERE

515-545 nm




Collection Optics—Trigon
Red Laser Signal

750-810 nm

I
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FACSCanto II™—QOctagon and Trigons
(BDE/fjn)an)

BB BABH - FFACSCanto dI™
FAIBEE HERETEES

I
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Excitation and Emission

= Use the maximum excitation wavelengths to determine
lasers that can be used to excite the fluorochrome.

= Use the maximum emission wavelengths to determine
filters and PMTs that can be used to measure the signal.
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BD FACSCanto Configuration

2 lasers, 4 — 2 Configuration

488nm Blue Laser

640nm Red Laser

Alexa Fluor 488, FITC, BB515 530/30 502LP
PE 585/42 556LP

NA 610LP
PI, PerCP, PerCP-Cy5.5, BB700 670LP 655LP
PE-Cy7 780/60 735LP

APC, Alexa Fluor 647 660/20 N/A
NA 685LP
APC-Cy7, APC-H7 780/60 735LP
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BD Horizon Brilliant Blue dyes
-BB515
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BB700 is detected in the same channel
as PerCp-Cy5.5

100

80 1

Gk

401 ' s
#

Fl
207 . L

T T T T T T T 1 T
300 330 400 4:30 200 330 &00 g0 700 7l 0o ga0 200 230

Wavelength (nm)

Tandem Dye: BB core + Cy5.5 like acceptor dye
Brightness: Very Bright

Ex Max: 485 nm

Em Max: 693 nm

Filter: same as PerCP-Cy5.5 (e.g. 695/40)
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BB/00 is more compatible with Perm

Buffer III

PerCP-Cy5.5 PerCP-eFluor 710  PerCP-Vio 700 BB700

Preperm mjﬁf‘“ 1 o e | e e L]
Staining 1 A ) 5
’ ; I II 200 ] N 3I:l:l—_

]I:I—- I ] | ' -:

zuu-: | ., o :

1] o iy .‘_””"‘ S o

PerCP-Cy5-5-A
‘Bample Mame |

Preperm_Mitenyl PerCF Vo700 heDd_0{ )

Preperm_LWE#3036 slone_M2fcs |

Postperm
Staining

v w 0" o 1o? 10"
PerCP-Cy5-5-A PerCP-Cy5-5-A PerCP-Cy5-5-A
Sample Bame | ‘Bampie Name: Sample Hame Hame
[ _PME PErCP CYS5 hoO4_m24[0) | ¢ £ Bio PerCF eFunrT 10 hCD4a| L | F _MiB=nyl FerCP Wioroo _BET00 Purlied hCO4_DI7 &
TIE _LWE23036 alone_(23%s [ ¥ _LWES303E slone_023cs || F _L\WES3036 alome_0Z39cs _LWES3035 alone._DI3.fcs
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Electronics

= PMTs and preamps convert photons to voltage pulses.

= Analog-to-digital converters translate analog signals to
proportional digital signals.

= Compute area and height for each pulse.
= Perform compensation and calculate ratios and width.

= An embedded computer interfaces with the computer
workstation for data transfer.

I
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Creation of a Voltage Pulse

c
2
J2F..
23
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a
v |s
< > Time (us)
Pulse Width

Cytometer - FACSCanto (V0041) x|

status |

Parameter ‘Yoltage
FaiZ 407
25 452
FITC S50
PE 473
PeriCP-Cy5-5 637
PE-Cyr 75
apC 613
BPC-CyF 641
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Quantification of a Voltage Pulse

>

Pulse Area

Pulse Height

Volts

Y

0
Pulse

Width
Time
(4 Seconds)

"
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Data Storage Histogram
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Data Display

= Linear Scaling
= Log Scaling

8 0. Detectors /Amps Cytometer

Param Detector Voltage Amp Gain Mode
P1 FSC E0O  |3] 371 E‘ Ln = Status | Paramekbers I Threshold " Laser " Compensation " R atio |
p2 ssc 371 8] 100 [8) (Gn B

L o Parameter Volbage Log A

P3 FL1 150 [#] 100 ¢ [Log P9 Foc pre
P 2z 150 [§] 492 3 (log |% e —
PS5 FL3 468 @ 3.7 %} Log |2 FITC 500
P6 FL2-A 100 ffl  un PE 500
P7 FL2-W 3.54 {§} Lin
P7 FL4 318 @ Log |& Add ] [ Delete
E Four Color DOM Param: FLZ = Cytometer Connected

"
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Linear vs. Log

FL1 Voltage Pulses
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Marmn 003

q00 GO0 200 1000

Mo 003

= Linear amplification is usually used for light scatter parameters

and DNA analysis.

= Log amplification is used for fluorescence signals with a large

dynamic range.
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Flow Cytometry Detection Principle
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Topic
= Introduction of Flow Cytometry

= Instrument setup

= Application of Flow Cytometry



Non-stain sample
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Compensation theory

Emission Optics

100%

Fi

norm alzed Intendty

0% - T T T

1
400 G0
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FITC Spillover

FITC PE
530/30 585/42
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FITC Compensation
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45

FITC Compensation

To lower cluster, increase value.
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Compensation Examples

Correct Compensation

Incorrect Compensation
I

Undercompensation Overcompensation

o O a2
Tr:.__
<
LLI 2
I:Lm
E3 A FITC
Ry T T T T T T
10° 107 1t 10°
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FE-A
Faopulation Mean
H un 64
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| =1 nle o ] @1 o2
+_ ] +_ ]
< 3 < 3
L ] L ]
D_c“:l D_c“:l
. O '-_ o TEA :
e | -~ o :
B EE T ¥, FITC Fimary, o _# FITC
T T T T T T T T Ry T T T A T T T
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Applications

= Phenotype Analysis
(Cell Surface Antigens/Markers)

= Intracellular Analysis
-- Eg. Cytokines, Signal Transduction molecules...etc.

= DNA Analysis
-- Eg. Viability, Cell cycle, Apoptosis...etc.

= Cell Fuction Analysis
-- Eg. Free radicals, Ca2*, Reporter genes...etc.

= CBA (Cytometric Bead Array)

-- cytokine detection

I
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Phenotype Analysis
‘?

-

© 2016 BD. BD, the BD Logo and all other trademarks are property of Becton, Dickinson and Company.

Ligand

Receptor

Adhesion molecule
...etc



Lysed Whole Blood Components

Peripheral White Blood Cells
CD45+

Monocytes l \

Lymphocytes

CD3+ ‘( * )s CD3- .
CD16+ Basophils
CD3- CD56+

Granulocytes

CD19+
HLA-DR*
Eosinophils

+
D3 CD3+

CD4+ N
CD8 % BD



Lymphocyte Subset

g &3
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50 100 150 200 250
FSC-H (x 1,000)
“
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{x 1,000)

10°
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CD3 FITC-A CD3FITC-A CD3 FITC-A
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Intracellular Analysis

= Cytokine
= Enzymes
= Structure Proteins

= Intracellular Signaling

& BD



Intracellular Analysis

Permeabilizing
solution

Fixation
solution
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Cell Surface and Cytoplasmic
Stain protocol

Whole Blood,
Stimulus, Sgt';ai:e Permeabilize mgtcg,""'a' Multicolor Analysis
Brefeldin A




Detection of Cell Surface and
IC Cytokine

Unstimulated PMA + lonomycin SEB
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Cell Apoptosis #fiMeET

- Annexin V Apoptosis Assay

Annexin V-PE Conjugate
[~ ]
[ ]
=2 ‘a) e
g Jdduukul’la.sma Membrane Phospholipid Flippmg £ MU& k,)
e AN TR Apoptosis {~’° v
J ‘ - /1) (@ Q
N\ / Po 0 "°°q°
Normal Cell Apoptotic Cell -
Cytoplasm Externalization of Cytoplasm
Phosphatidylserine
o
PS
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Annexin V/PI Double Staining

103 =
“Necr1 Necr2
1 3.1% 21.6%
102—§
o 107 =
. = Early
10¢ - Apoptosis

Annexin V - FITC
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ApoptosisiBE EmitochondriafEE I (AY) EB B RS M
= JC-1 = J-aggregate-forming Cationic Ay sensitive dye
J-aggregates: [EEUAY R{c(polarized) A LEE T
: lRE Ay (depolarized) =B EIRFFELAER
J-aggregates FR1EFEAMME - BEXAFL1IKFL2 channels (48 MBI EE))
I: BEEIIFEHEEFRAY EiB{EapoptosisAife - HRFITFLL (&)

BD
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Cell Apoptosis AN &

- JC-1(BD Mitoscreen) Jurkat T cell data

Jurkat T Cells Cestal

- Very few Apoptotic cells

JC-1 (FI-2)

; /»Apoptotlc cells

-
L

JC-1 (FI-1)

¥
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Cell Apoptosis #AeE BT

FCCP ws DMSO

BO3 FCOP
A E Gate: M
~F

1,000
I

Mite5tatus TMRE
Counit

o -
wl owd e w? e wh wld
FLZ MitoStatus TMRE-A

€03 FOOP
c E- Gate: M1
o~

MitoStatus Red

wl owmd e wm? o wb wld
FL& MitoStatus Rad-A

- MitoStatus TMRE/Red

Camptothecin vs DMS0O

B02 CAM
B E Gate: M1
~F

1,000

wl owd e ow? w® wB il
FLZ MitoStatus TMRE-A

wl  wd w? w? o wB wld
FL4 MitoStatus Red-a

m— DMAS0 feantral) = Camptothedin = FLCP

Characteristic

MitoStatus TMRE

MitoStatus Red

fluarachromes=*

Excitation peak 549 nm 622 nm
Emission peak 574 nm 648 nm
Laser 488 nm (blue) 640 nm (red)
Detector FLZ FL4
Equivalent APC

Lo [F]4T7 PE

Alexa Fluor® 647

*[io mot use these fluorochromes in the same tube with the corresponding MitoStatus dye.

Table 1. Fluorescence characteristics of Mito5Status dyes on the BD Accuri CB.
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A AlZDMSO

] Gate: Cells
2 o03-UL Q3-UR Q4a-UR
T% . 0,9% 10.3%
% o Live & : Dead
=]
s
=1 Apoptotic
Dead Apoptotic
03-LR 4-LR
wl w3 wd w5 wh  wl2 wl w3 e w5 wh Wl
FL1 Annexin W FITC-4 FL1 Annexin V FITC-A
D BO2 CAM E BO2 CAM
] Gate: Cells ] Gate: Cells
B 02Ul Q2-UR “!C‘T-UL Q7-Ur
4.2% v 0.4% 2.2% TA4%
1: Dead
=
%. 1R

wl w3 wd w5 wd  wld wl  wd owd e wS wh wlE
FL1 Annexin W FITC-A FL1 Annexin W' FITC-A&

Figure 2. Detecting apoptosis with MitoStatus Red and Annexin WV

Related Products Ordering Information
BD™ MitoScreen (JC-1) Kit 551302 BD Pharmingen™ MitoStatus TMRE 25 mg 564596
BED Pharmingen™ Annexin V Apoptosis 556570 (FITC) BD Pharmingen™ MitoStatus Red 100 pg 564697
Detection Kit 559763 (PE)
BD Pharmingen™ Stain Buffer (FBS) 5545656
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DNA Analysis

Ethanol

T~
\

Detergent

\ Nucleic Acid Dye
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DNA Dye

Propidium

NH}<© j Q>_~H2 ;

c2H5 O
/

IQ N
O =<z,
C2H5
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Cell Cycle Analysis

Count

0 200 400 600 800 1000
2N 4N

DNA content

I
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Cell cycle study
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Application of Flow Cytometry

= Soluble form protein detection




Cytometric Beads Array (CBA)
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Simultaneous Analysis of Multiple Cytokines

Typical Data
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Standard Curves
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BD Pharmingen Product list
Cat# |Name  |Content  |Size _

550285

556463
556419
556547/
551302

564696
564697/

BD Pharmingen™
PI/RNase Staining Buffer

BD Pharmingen™ Propidium
Iodide Staining Solution

BD Pharmingen™
Annexin V

BD Pharmingen™ Annexin V
: FITC Apoptosis Detection
Kit I

BD Pharmingen™
BD™ MitoScreen (JC-1)

BD Pharmingen™
MitoStatus TMRE
BD Pharmingen™
MitoStatus Red

The reagent is suspended in
a phosphate-buffered
solution (pH 7.2) with 0.02%
(w/v) sodium azide

Propidium Iodide Staining
Solution
(For AnnexinV/PI assay use)

Annexin V-FITC

Annexin V-FITC, Propidium
Iodide Staining Solution,
Annexin V Binding Buffer

JC-1 dye and assay buffer

BD Pharmingen™ MitoStatus
TMRE

BD Pharmingen™ MitoStatus
Red

100ml

2mli

200 test

100 test

100 test

25mg
100ug


http://www.bdbiosciences.com/ptProduct.jsp?prodId=60493&key=PI&param=search&mterms=true&from=dTable
http://www.bdbiosciences.com/ptProduct.jsp?prodId=12850&key=PI&param=search&mterms=true&from=dTable
http://www.bdbiosciences.com/ptProduct.jsp?prodId=12827&key=apoptosis&param=search&mterms=true&from=dTable
http://www.bdbiosciences.com/ptProduct.jsp?prodId=12865&key=apoptosis~CATALOG_TYPE:Kits/Sets/Pairs&param=search&mterms=true&from=dTable
http://www.bdbiosciences.com/ptProduct.jsp?prodId=110167&key=apoptosis~CATALOG_TYPE:Kits/Sets/Pairs&param=search&mterms=true&from=dTable
http://www.bdbiosciences.com/documents/Mitostatus-Reagents-DS.pdf
http://www.bdbiosciences.com/documents/Mitostatus-Reagents-DS.pdf
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) Website: www.bdbiosciences.com/tw



