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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.

Particle Size

Detection range: 0.5~50um

Bacteria  Phytoplankton  Red Blood Cell  BD CBA Bead Lymphacyte
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What Can a Flow Cytometer
Tell Us About a Cell?

Its relative size (Forward Scatter—FSC)

Its relative granularity or internal complexity (Side
Scatter—SSC)

Its relative fluorescence intensity
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Scatter Light
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Right Angk Light Detectar
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Forward Scatter—diffracted light

Related to cell surface area
Forwrard Light Detector Detected along axis of incident light in the forward direction
a. Call Sface Aren

Side Scatter—reflected and refracted light
» Related to cell granularity and complexity
+ Detected at 90° to the laser beam
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Lysed Whole Blood
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Fluorescence Light
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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.
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Fluorescence

Emitted fluorescence intensity proportional to binding sites

BD Flow Cytometers
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Subsystems
Fluidics

To introduce and focus the cells for interrogation.

Optics
To generate and collect the light signals.

Electronics

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

Excitation
Lasers

Hydrodynamic Focusing

sheath T sheath
sample
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Sample Differential

Low Differential Pressure High Differential Pressure
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Fluorochrome Spectra

Fuorochrome Fluorescence Emission Color Ex-Max (nm} Excitation Laser Line (nm)* Em-Max (nm)
Hoechst 33342 Blue 350 355,375 461
BD Horizon™ V450 Blue 404 405 448
Pacific Blue™ Blue 401 405 452
BD Horizon™ V500 415 405 500
AmCyan 457 405 491
Alexa Fluor® 488 495 488 519
FITC 494 488 519
PE 496, 564 488,532, 561 578
BD Horizon™ PE-CF594 496, 564 488, 532, 561 612
Pl 351 488, 532, 561 617
543 488, 532, 561 647
650 633, 635, 640 660
Alexa Fluor® 647 650 633, 635, 640 668
496, 564 488, 532, 561 667
482 488,532 678
PerCP-Cy™5.5 4812 488,532 695
Alexa Fluor® 700 696 633, 635, 640 719
PE-Cy™7 496, 564 488, 532, 561 785
650 633, 635, 640 785

BD APC-H7 650 633, 635, 640 785
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Optics

- Excitation optics
— Lasers
— Lenses to shape and focus the laser beam

+ Collection optics
— A collection lens to collect light emitted from the
article-laser beam interaction
— A system of optical mirrors and filters to route

specified wavelengths of emitted light to designated
optical detectors
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Excitation Optics

- FACSCantoll

--488nm Blue Laser
--633nm Red Laser
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Optical Filters

Longpass Shortpass Bandpass
460 500 540 460 500 540 460 500 540
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FACSCanto Collection Optics

Octagon
Fiber Optic Y N (8 detectors)
Cable C R

Side Scattered and
Light
= 5

Forward Scattered 7.

Light FSC
/ b Photodiode
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FACSCanto—Octagon and Trigons
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Collection Optics—Octagon
Blue Laser Signal

750-810 nm

515-545
nm
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Collection Optics—Trigon
Red Laser Signal

650-670 nm

750-810 nm
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FACSCanto Configuration

Wavelength PMT Position Intended Dyes Other Dyes
(nm) (nm)
488 (blue) A PE-Cy7
B PerCP, PerCP-Cy5.5 Pl, PE-Cy5.5, DSRed
C PE Pl
D FITC GFP
E Side Scatter (SSC)

633 (red) APC-Cy7

APC Alexa Fluor® 633

o >

23

& BD

Electronics
Convert analog signals to proportional digital signals.
Compute area, height and width for each pulse.

Interface with the computer for data transfer.
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Creation of a Voltage Pulse Quantification of a Voltage Pulse
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Data Storage Histogram (1 parameter) Data Display

Specimen_002-Tube 002

List-Mode Data
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Voltage Pulses
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Linear v. Log Amplification

Linear amplification is usually used for light scatter
parameters and DNA analysis.

Log amplification is used for fluorescence signals with a
large dynamic range.

30

8 peak
3 | 0.1V B
s P2
Time S A
S0 100 150 200 250
Time |> FITC-A (e 1.000)
3 | 1.2v
8 peak
Time g;
3 | av gé_
Time gé A A
- B T AL PO R
© 10° 10 10 10
3 | 8V FITC-A
Time
29
& BD
Review
VAN \
AN ) !
SN \ @D 5
. 7] :
-
g Data FSC
=.=o Processing
w -
o
/\/ e i
FITC
/ :
AN <
Al
PerCP-Cy5.5
AN

31

& BD

Compensation
Theory
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Emission Optics—Spectral Overlap
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Spillover

FITC PE
530/30 585/42

Relative Intensity
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PE-Cy7

PerCP-Cy5.5
670 LP 780/60

T T T
500nm 550nm 600nm

d .
650nm 700nm 750nm 800nm

Wavelength (nm)

FITC Spillover

@

FITC PE PerCP-Cy5.5
530/30 585/42 670 LP
I
.‘%
2
2
£
2
s
3
o
I SO
500nm 550nm 600nm 650nm 700nm 750nm 800nm

Wavelength (nm)

35
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FITC Compensation
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FITC Compensation
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To lower cluster, increase value.
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Fluorochrame
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Compensation Examples
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Incorrect Compensation

|
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Multicolor Analysis
o Donor 1-7-color comba . Donor 1-7-color combo Donor 1-7-colar comba
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Population #Events %FParent %Total
I 41l Events 10,000 e 1000
1848 185 185
1195 813 120
80 720 88
300 251 30
111 57 14
O Nk cells 586 301 59
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Application

Examples
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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, Ca?*, Reporter genes...etc.

CBA (Cytometric Bead Array)

41

Phenotype Analysis

1?
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Lymphocyte Immunophenotyping

Peripheral White Blood Cells

N Lymphocytes

Monocytes

/ .
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Ligand
Receptor
Adhesion molecule
...efc
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Intracellular Analysis ,
«  Cytokine

« Enzyme
* signal transduction
molecule

..elc.

Permeabilizing
solution

Fixation —

solution
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Cytokine Detection < BD
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To enhance the accumulation of intracellular cytokines.

Stimulation

Monensin: Cytokines accumulate in the ER Secretion stop
Brefeldin A: in Golgi complex.

To maintain structural integrity.
Formaldehyde or glutaraldehyde
Keep the protein structure and doesn't change the
(accessibility of the) epitopes too much
Permeabilisation Fixation
Saponin (permeablisation buffer).

tracellular Staining

< BD
Combination of Cell Surface and
Cytoplasmic Staining
Th1/Th2/Th17 Phenotyping Kit

w0 3
0q 3

o 102

1w 10 104 1 10%
FITG IF1e T FITG FNeT

10*
FITG IFN-y
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Signal Transduction % BD % BD
Intracellular Staining in Activated Lysed Whole Blood

PE-CD3

PerCP-Cy5.5 - CD20

A. Untreated
COBCO2- CD3+CD20- CD34GDRT+

B. Treated with IL-4 and IL-6

CO+C020- CO3HCD20- GDA{CO20e

Alexa Fluor® 467-STAT 3 (pY705)

Alexa Fluor® 488-STAT & (pY641)
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DNA Analysis Cell Cycle Analysis

Ethanol Go

Detergent

Nucleic Acid Dye

0 200 400 600 800 1000
2N 4N
DNA content
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Sample Preparation DNA Dye Selection
EtEanoItfixatiotn PI: The most popular DNA dye with high
- Long term storage specificity; excited by 488nm blue laser
Det YHvDotoni I bilizati 7-AAD: Alternative blue-excited dye for
-—eB:;tgeernresgﬁj?igglc cell permeabilization multicolor staining; less specificity
-- Compatible with multicolor analysis if mild DAPI: UV excitation with high specificity; for both
detergent is used fixed and un-fixed cells
Hoechst: UV excitation with high specificity; for
Analysis in live cells un-fixed cells
-- For cell sorting
3
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DDM (Doublet Discrimination)

Other Considerations

RNase Activity ﬁ:A a
Tomd 3 | é.‘_ Beam |' |
i N 5‘ feiont % DIrF-I::on f !
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Cells v.s Pl Concentration Consistency e —
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Time Time

Sample Filtration (35um Filter)
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Apoptosis (Sub G1)
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Cell Function Analysis

*  Membrane Potential (DiOC6, JC-1)
«  Oxidative Metabolism (Free Radicals)
Intracellular PH Value (Snarf-1)
«  Ca++ Influx (Fluo-4/Fura Red, Indo-1)
«  Phagocytosis
Cell Proliferation (PI, BrdU, Intracellular Cyclins)
- Apoptosis (Annexin V, active Caspase-3)
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Annexin V Assay

APOPIO

.....
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Annexin V/PI Double Staining

Late apoptotic cells

10’

T Y T
100 10! 102 10° 10
Annexin-FITC

e Early apoptotic cells

4

10°

Bordon et al. Radiation Oncology 2009 4:58
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Mitochondria Membrane Potential (JC-1)

JC-1 (FL-2)

Jurkat T Cells Mouse Thymocytes

Control Control

Staurosporine

Camptothecin

D

E

JC-1 (FL-1)
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Beads Provide a Flexible Platform
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Cytometric Beadss Array (CBA)

1X Z
X 1y >1XE .| | [ BD/¢BA
> g > E * /’
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Advantages of Bead-Based Immunoassays

Analyze multiple analytes simultaneously
Reduced sample volume requirements
Reduced hands-on time by parallel analysis of samples

Wide dynamic range of fluorescence detection (requires
fewer sample dilutions)

64
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Human IL-2

FL3H
3, B
]

Human IL-

IS

10 10
FL2-H

Human IL-10

Proteins Measured
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A. Interleukin (IL)-2

B.IL-4
C.IL-5
D.IL-10

E. Tumor Necrosis Factor-a

F. Interferon-y
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Cytometry Beads Array (CBA)

Typical Data

Negartive Control
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Standards 80 pg/ml

5

o
FL2-H

. 10
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Standards 625 pg/ml
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FL2-H

Standard Curves

MFI

Concentration
—_

PE MFI

Ll

Concentration (pg/mL)

Standard Curve
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standard curves

Inflammatory Cytokines Kit,

using the BD CBA Human

67
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CBA Flex Sets
Open configuration (Up to 30 plex)
Clustering based on Red and NIR fluorescence intensity
Red-A
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Unlabeled Bead
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Matsimats

Purified Antibady

CBA Functional Beads

Can be conjugated with any Ab

2= QX

10000
2 .
§ °
£ 1000 b4
E .
g .
] .
¥ 100 .
g .
s
& .
) .
E 10 -
= -
1 T T v 1
1 10 100 1000 10000

sIL-6R (pg/mL)

Standard curve for a soluble IL-6 receptor
assay generated using BD CBA Functional
Bead E4 following the conjugation
procedure in the BD CBA Functional Bead
Conjugation Buffer Set manual.
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Thank You!
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