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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
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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

\ / 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
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Ex. Lysed Human Whole Blood
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Fluorescence Light

O
A =488 nm HO\O:U h=520 nm
AP ~—t_1tp

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.

36
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Flow Cytometry Detection Principle
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BD Flow Cytometers — Cell Analyzer

FACSCalibur

2 Lasers,
4 Colors
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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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Flow Cytometry Detection Overview

1. Fluidics
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3. Electronics i}’(ﬁ%éﬁﬁ
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Fluidics Pressurized System
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Sample Flow
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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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Types of optical filters

Longpass Shortpass
480 520 480 520
460 500 540 460 500 540
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FACSCalibur Optics
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FACSCalibur Configuration

Detector Filter Fluorochrome
530/30 nm Green FITC, BB515, Alexa Fluor 488
488nm 585/42 nm Yellow/Orange PE, PI
670 nm LP  Dark Red PerCP, PerCP-Cy5.5, BB700
635nm 661/16 nm Red APC, Alexa Fluor 647

A
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Electronics
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Data Storage

B FCS File: Flow Cytometry Standard
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Data Display

= Linear Scaling
= Log Scaling
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Compensation theory

Emission Optics
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Normalized intensity

FITC Spillover
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FITC single stained sample

Before
Compensation After Compensation
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Compensation Examples

Correct Compensation

Incorrect Compensation
I

Undercompensation Overcompensation
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Fluorochrome Choice is the Key to
Reveal Dim Marker

CD197 (CCR7)

PerCP-Cy5.5

CD3

Alexa Fluor® | {Alexa Fluor ®
647 700

Bl ¥ oL
R e s

e The proper choice of fluorochrome helps us understand more about
the biology of the experiment.
e Bright dyes are important when looking at dim antigens.

I
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> 20

Colors continue to drive
Flow Cytometry

BD Horizon

Evolving
Discovery
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' function/lineage
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= More Colors and Greater Sensitivity
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+ Efficient energy donors
« Amplified dye emission
+ Reproducible synthetic framewaork

« Bright fluorescent materials
« Large collective optical response
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BD Horizon Brilliant Blue515
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BD Horizon Brilliant Blue700
-for 488nm Blue Laser
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Fluorochrome/Antigen Combination

Ultraviolet
(355 nm)

Violet
(405 nm)

Blue
(488 nm)

Laser

Red
(640 nm)

Antigen Density

Yellow/Green
(561 nm)

‘ low | medium
Fluorochrome
Moderate Dim
BD Horizon™ BUV737 BD Horizon™ BUV395
BD Horizon™ BV421 - N—
BD Horizon™ BV650 gg norzon g:gg BD Horizon™ BV510 gg norzon :’,‘;gg
BD Horizon™ BV711
BD Horizon™ BB515 oE FITC
BD Horizon™ PE-CF594 PE-Cy™7 Alexa Fluor® 488 PerCP
PE-Cy™5 y PerCP-Cy™S5.5
PE
BD Horizon™ PE-CF594
PE-Cy™5
PE-Cy™7
» e
Alexa Fluor® 647 APC-Cy7
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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
‘12

-
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Lymphocyte Immunophenotyping

Peripheral White Blood Cells
CD45+

Monocytes l \

Lymphocytes

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

Granulocytes

CD19+
HLA-DR*
Eosinophils

+
02 oo

CD8* o,
(3
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Lymphocyte Phenotype
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Major Known T-Cell Markers

Type of Cell Cytotoxic Thi Th2 The ! Th17 Tfh? Treg
Main Function Kill virus- Activate microbicidal Help B cells and switch T cell Enhance neutrophil ~ Regulate Immune
infected cells | function of antibody isotype proliferation response development of regulation
infected macrophages, production and antigen
and help B cells enhanced specific B cell
to produce antibody IgG and IgE development and
production by antibody production
B cells
Pathogens Viruses and Intracellular pathogens Parasites Parasites Fungi and - -
Targeted some extracellular
bacteria
Harmful Transplant Autoimmune disease Allergy, asthma Allergy Organ-specific Autoimmune disease | Autoimmune
Function rejection autoimmune disease,
disease cancer
Extracellular CD8 CD4, CXCR3 CD4, CCR4, Crth2 CD4 CD4, CCR6 CD4, CXCR5 CD4, CD25
Markers (human)
Differentiation IFN-y, IL-2, IL-12,1L-18, IL-4,1L-2,1L-33 IL-4, TGF-B TGF-g,IL-6, IL-1,IL-  IL-12,IL-6 TGF-,IL-12
Cytokines IL-27 21,1L-23
Effector IFN-y, TNF, IFN-y, LT-o, TNF IL-4,IL-5,IL-6, IL-13 IL-9,IL-10 IL-17A IL-17F IL- IL-21 TGF-,IL-10
Cytokines LT-a 21,1L-22,
IL-26, TNF, CCL20
Transcription T-bet, Stat1, Statb GATA3, Stat5, Staté GATA3, RORyt, RORq, Stat3  Bcl-6, MAF FoxP3,

Factors

Smads, Staté

Smad3, Stat5

Phenotype Analysis

Intracellular Analysis
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Intracellular Analysis

Permeabilizing

solution \ mE B
[
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Fixation /

solution

& BD



Cell Surface and Cytoplasmic Stain

protocol

Treat with protein
transport inhibitor
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DNA Analysis

Ethanol

T~
\

Detergent

\ Nucleic Acid Dye
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DNA Dye
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Cell Cycle Analysis

Count
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Cell Apoptosis
-Annexin V Apoptosis Assay

Annexin V-PE Conjugate B Annexin V-PE
-... A ) Untreated B Hﬁarir::: ::i:h
Plasma Membrane 2 2. mAb (12 h)
QWY Tv0Qg, E =2 5 o
y = E ‘g__ 'E =~
) MOOOQOO%% 5 = 3 =
g | 3
Normal Cell z - 2 81w I
Cytoplasm T : 3 = ! M2
Annexin V-PE Annexin V-PE
Apoptosis B Annexin V-PE and 7-AAD staining
=) =)
- Necrosis 2
> Late apoptosis "é_
Externalization of - 2
Phosphatidylserine a . o s
0 < o 2 B pad
q 1 .';",:
1 h &
G ‘ \ ~N o AT z ',
Phospholipid Flipping . o® c’"\ &y - <] Early apoptosis = X
£° g oo '
o ooo oo ooo () ?E ] g da et .. ; OS " R .l 5 r
o9 " ogat P 10° 10° 102 100 10 100 10 102 102 10*
' optotic Ce . :
Coonlacn Annexin V-PE Annexin V-PE
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Soluble form protein detection
-Cytometric Beads Array (CBA)

Capture Ab Capture Bead

0 @
© oy —
Y —§ s
+ — >=‘=< -
e I o
/ \

Analyze of Interest Fluorescent Detector Ab- PE
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CBA Assay Procedure

Beads

Sample
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Standard Curves
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FACSMelody Overview

B Fluidics Component B Optics Component

3% & -ID Chip:
EEEEE S B EREME

Sheath Tank

1RAIZRME S

Waste Tank
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FACSMelody
-Sample Input / Sort Collection

« Two-way sorting: 1.5-, 2.0-

and 5.0-mL tubes Temperature control:

4°C, 22°C, 37°C and 42°C or off

Sample agitation:
keep the sample constantly
suspended

+ One-way sorting: 6-, 24-, 48-,
96- and 384-well plates, 96-well
PCR tray

5.0-mL polystyrene or
polypropylene tubes

—Temperature control

& BD



Principle of FACS

= The combination of 3 technologies:
1. Fluorescence detection
2. Blood cell counter
3. Ink-jet technology

I

Drop Charging - '

3
3
L

;

Drop generation

+
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Sorting Theory

2. Charge is applied via the stream-
charging wire.

1. Sample generates light scatter and

fluorescent signals; signals are analyzed.
3. Charged

droplets
break off.

4. Deflection plates attract or
repel charged droplet.

5. Uncharged droplets pass to
waste.

6. Charged drops containing P .
particles of interest are Y BD
collected. /J




Drop Charging
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FACSMelody
-Flow Cell Structure

Interrogation

Nozzle point
~ (100um)
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Sort mode

St
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Sorting Cells By Surface Markers
-Human Regulatory T-Cell Isolation

m &% 2 Phenotypic analysis of sorted Tregs

A CD4 Gate CDASRA™ fract
- B+
3%
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i
3 ‘
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o 5
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Sorting Cells By Surface Markers
-Human Regulatory T-Cell Isolation
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Sorting for Rare cell %A #IE 73
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BD IMag Ik i :
Positive or Negative selection or combination
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IMag increases purity and

time of sorting
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