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v'An instrument for making cell-based fluorescent

measurements.

v'Method for quantitating cellular or structural

components of a cell using fluorescent antibodies

or probes.

v Allows analysis of Tens of thousands of cells in

minutes.

v'A method to sort and collect specific cell types.
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v Flow ~ Fluid

v Cyto ~ cell

v Metry ~ measurement

v Measuring properties of cells while in a fluid stream

Flow cytometry




a Flow Cytometry i1s a powerful technology for

characterizing and analyzing particles of interest,

such as cells, chromosomes, bacteria and beads.

Flow cytometry




Sample Types

Cells Chromosomes
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a All cytometer samples must be in liquid suspension.

a Cells from solid tissue must be disaggregated before analysis.

Q Typically particles or cells from 0.2 to 50 micrometers in size

are suitable for flow cytometric analysis.

Flow cytometry




Bacteria  Phytoplankton  Red Blood Cell BD CBA Bead
0.5 um 2 um 6 um 7.5 pm

c 0 @
>

Smaller Larger

Biosorter (Union Biometrica)

Most cytometers

CytoFLEX, AstriosEQ
red blood cells pe

Zoi)um 500pm

water molecule animal cells

proteins and antibodies

d10my 4 /55/5023 100nm  Flow cytonkamy




a A cell’s or particle’s relative size, internal complexity, and

fluorescence intensity can be measured by flow cytometry.

Side Fluorescent channels
1 2
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« Fluidics system

- The fluidics system transports particles in
a stream to the laser beam for
interrogation. Fhiihe System

Optic System

- Optics and detection

- The optics system consists of lasers to

illuminate the particles in the sample | 4 Electronics
stream and optical filters to direct the ‘

resulting light signals to the appropriate

detectors.

- Signal processing

- The electronics system converts the
detected light signals into electronic
signals that can be processed by the
computer.
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The Cytometer’s

What Flow Cytometer do?

Particles in suspension flow in a single-file (I) across an
illuminated volume where they scatter light and emit
fluorescence that is collected, filtered (I1) and converted
into digital values

that are visualized and stored on a computer (l11)

Sheath

What is a Sorter?
Allows the isolation of particles based on the above
scatter and fluorescent properties (IV)

Electronics and display
()

B

A

Fluorescence + Light Scatter
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Fluidics (1)

Flow chamber

hydrodynamic focusing

Focused lasers

Optics (1)

Sorting (IV optional)




fluidics electronics

sheath fuid ©
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Q The fluidic subsystem transports particles in a fluidic stream

to the laser beam for interrogation.

Q The portion of the fluid stream where particles are located is

called the sample core.

Q The point at which particles meat the laser beam is the

Interrogation point. Incident laser light is scattered and

fluorescence is emitted as particles pass through the

Interrogation point.
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Interrogation Point

Flow Cell

Interrfgation
Poi

Flow Cell Sample Stream

Sample Corem

Sheath Solution

—— Sample Tube
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a Hydrodynamic focusing positions the sample core in the

center of the sheath fluid.

A The design of the flow cell allows hydrodynamic focusing to

occur and provides the means for the cells or particles to pass

through the laser beam one at a time for interrogation.

Flow cytometry




a Flow cell: with the flow cell, both the
sheath fluid and sample fluid meet. The
shape of the flow cell enables
hydrodynamic focusing.

Interrogation Point

a Sheath Fluid: the sheath fluid surrounds
the sample core. The pressure of the sample
fluild can be adjusted to increase or
decrease the diameter of the sample core.

a Sample Core: as both the sample core
and sheath fluid move through a narrowing
channel in the flow cell, the sample core
remains In the center of the sheath fluid
without mixing. This process Is called
hydradynamic focusing. owaemety




Fluidic Subsystem

e Hydrodynamic focusing

\‘. L Forward scatter

Side scatter \

e 990 9990

Sample Core




Q Difference In  pressure . .
Faster cell analysis BUT loss of resolution!!

between sample and sheath *
LOW Pressure HIGH Pressure

v Control sam p | e VO | ume Core Stream Core Stream

o
flow rate

e
3
o)

v
The greater the 3

differential, the wider the

3
o
Q0
sample core. 9
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Low sample
pressure, low
average cell
count. This
gives greater
accuracy, but
takes longer

Average Count

240

Events/sec

11/27/2023

Flow rate is important from
the time of sample preparation

High sample
pressure, high
average cell
count. This
gives less

accuracy, but is
much faster

Average Count

1200

Events/sec




a The optic subsystem consists of
excitation and collection

components.

OThe excitation components

Collection

Include lasers, beam shaping

prisms, and lens to route the

FSC Photodiode

laser beams to the sample core.
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a Laser is an acronym for Light Amplification by Stimulated Emission

of Radiation. Lasers generate intense beams of coherent light.

a In flow cytometers, lasers serve as the excitation light source for

sample interrogation. &S 2SS S Qe

o S o PP

300 500 550
—
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o Forward Scatter signal is

side scatter

detected just of the axis of the A v

laser beam In the forward

Q'. [ (
Y .‘1 |
- E

v [*au
4 v,
- %

direction. incident ,
light . A. forward
source ‘v b Al scatter

a Side  Scatter signal Is
collected at approximately 90

degrees to the laser beam.
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0 Forward Scatter light is based on two properties: Size and

Refractive Index (RI).

Forward Scattering (FSC)
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QThe larger the cell size, the more forward scatter is generated.

o
LS
]
3]
[ =
o
=

Forward Scatter

Flow cytometry
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vThe larger the difference in RI between the cell and the

surrounding sheath fluid, the more forward scatter is generated.
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FD

Data Collection
and Analysis

FSD: Forward-Scatter Detector
SCD: Side-Scatter Detector
FD: Fluorescence Detector
DM: Dichroic Mirror
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o Side Scatter light Is based on the granularity or

Internal complexity of a particle.

I

Side Scattering (SSC)

Flow cytometry




v'The more granular the cell, the more side scatter
light is generated as a cell or particle passes through a

laser. Side Scatter Detector

Forward Scatter

Light Source Detector

. @ LearnHaem
Side Scatter Detector Haematology made cimple
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0 A cell’s size, refractive index, and internal complexity
contribute to the light that iIs scattered as a cell passes

through a laser beam.

3a Proteins on the cell membrane, the number of nuclel,

and any granular materials or organelles inside the cell

affect light scatter.
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Neutrophils
-Size: 10-15um
-Granularify: High
-Ave % WBC: 60%

. Lymphocytes
-Size: 7-15um
L

-Granularity: Low
-Ave % WBC: 30%

e

Side scatter

Monocytes %@ @%
-Size: 25-30 ym

-Granularily: Low G ®

-Ave % WBC: 8%

Forward scatter
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Monocytes

Forward Scatter

Increasing Forward Scatter

T L LI | - T LI B — L L) LJ — T L T

|
s & & % -

i —

13135 ApIS

<
laneog apig buisealou|

11/27/2023




Optic Subsystem
Collection Components

0 The positioned lenses [t
collect scattered and

fluorescent light.

Q The collection
components  steer the
scattered and fluorescent
light to  appropriate

detectors.

I upper camera




a Optical filters are used to direct specific light wavelengths (or

colors) to each photodetector. Filters are in three types:

Longpass Filter: transmits light that is equal to or longer than the specified

wavelength.

Shortpass Filter: transmits light that is equal to or shorter than the specified

wavelength.

Bandpass Filter: transmits light centered around the first value, within the

range specified by the second value.
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Dichroic Mirrors

Guide Scatters To Detectors

Longpass
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0 With the use of antibodies, distinct cell

population can be identified by the

Labelling with: ﬁ

markers present on the cell surface.

CD4+: CD8-

T-Helper Cell
anti-CD4

0 When a fluorescent dye is conjugated to antibody

a mADb, it can be used to identify a S e

(NK Cell)

particular cell type based on the | = i

CD4-: CD8+

antigenic markers of the cell. THEE | Cretonte o

Cony

QA flow cytometer can detect blood cells
based on the presence of mAbs with

bound fluorochromes.
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(1 The spectral range that is utilized in flow cytometry is between
~350 nm to ~800 nm.
1 The wavelength of visible light determines its “color”.

Higher Lower
energy energy
400nm 700nm

1

- - l
Ultraviolet ‘ Ill.} Infrared

Visible spectrum
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Emission
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Sources of common fluorescent molecules

Fluorescent proteins (organic)

Phycoerythrin (PE) - pigment found in seaweed

Green Fluorescent Protein (GFP) - often used as a surrogate for
intracellular protein expression

Tandem dyes

Link 2 dyes together. 1 dye is excited and it’s emitted
light excites the 2 dye.
The emission of the 2" dye is detected.
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Small synthetic molecules

Fluorescein isothiocynate (FITC)

Polymer dyes (inorganic)

Brilliant violet 421

Cptal segrents.
R AN

Ught-harvesteg
Large absorption Cross- secton

https://expertcytaetry.com/




Fluorescent Molecules

FLUOROCHROME Type of molecule Typical excitation laser Approximate emission
peak
Fluorescein Small organic 488 nm 518 nm
isotyocyanate (FITC)
AlexaFluor 488 Small organic 488 nm 518 nm
Phycoerythrin (PE) Protein 488 or 532 nm 574 nm

AmCyan Protein 405 nm 487 nm




o The main functions of the electronics system are to:

Convert light signals into numerical data.

Il.  Eliminate small signal events such as noise and debris through threshold.

1. Attribute signals from multiple lasers to the correct cell or particle.
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O The detectors in the electronics subsystem
convert detected light into proportional

electronic signals.

Q Electronic signals are then digitized,

further processed, and sent to the computer.

0 Data for each cell or particle is stored in

the computer and plotted in various ways

for further analysis.
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Q To convert light into data, three components are needed:

Photodetectors, Amplifiers, and Signal Processors.

: 'v Photodetection Ampllﬂcatlon Signal Processmg
Light Current Voltage Data
m ml
|‘ |
il

Q These electronic components work in a sequence to convert

light into current, current into voltage, and voltage into data that

can be further analyzed.
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0 Photodetectors are light sensors that can detect photons of light.

a Incoming photons cause photodetectors to produce electrical

current.

o Types of photodetectors:

I. Photodiode
1I1. Avalanche Photodiode

1. PhotoMultiplier Tube (PMT)
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Photomultiplier tubes (PMT)

*Old"” but good technology
The most common detector used in flow

High sensitivity but poor quantum efficiencies
in red (>650nm)

Able to adjust the gain to over 100,000
Common

Inexpensive

Flow cytometry

Photodiode (PD)

v

New[er] technology, still not
common

High quantum efficiencies for
visible

No internal gain adjustment
Requires Cooling

Require a high voltage bias




o Amplifiers  convert  electrical current  from

photodetectors into a voltage.

3 The resulting voltage are larger in magnitude than the

Incoming currents.

Flow cytometry




o Signal Processors quantify voltage pulses, providing

numerical values for pulse height, width, and area.

Flow cytometry




Tirne

Direction

i
Ty .

Cell discrimination in analysis

Pulse Height

Width is useful for doublet

Pulse Width Time
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0 Histogram Plot:

v Display a single parameter against the number of events (counts).

v Events with higher fluorescence intensity appear to the right on the X-axis.

a Dot Plot:

v Displays two parameters simultaneously.
v Each dot represents one or more events.

v Dots appear farther to the right on the X-axis or higher on the Y-axis as

signal intensity increases.
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Positive

Negative

Dimmer Brighter

{
‘0 49 I\ V/ §4 ,v 4,’

150 160 170..190

Channel Number

Fluorescence picked up from the FITC PMT

cytometry
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Histogram Plot

Fluorescence One Color Histogram

Brighter

—
7N

Time

Voltage

L/

Time

Voltage
Voltage

Time




vThe place of cells in plots is depended on their fluorescence

intensity or Heights of signals in detectors.

number of events

v
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Dot Plot
Each Dot is a cell

Use to inspection of cell condition for
two parameter, FSC vs SSC or FITC vs
PE

FSC SSC FITC
event 1 30 60 638 840

event2 100 160 245 85
event3 300 650 160 720

1000

840
720

PE

85

800 1000

245 FITC g38

SAMPLE : All Events

CD19 PE-A
100  10%  10°

0

Ll

-t

T T T T T
100 200

FSC-A (x10%
SAMPLE : P1
Q1-UL{0.74%)
EELELARLL SRRl e nil

10° 10 10° 108
CD72 FITC-A

o
]




Single
Positive PI Double Positive

Population Population

PE FL \ /

Negative
Population

\ Single Positive

FITC
Flow cytometry Population

FITC FL




0 Density Plot:

v Provides a third dimension using color to indicate the event count, similar

to contour on a contour plot.
v Dots for coordinates with the same event count are given the same color.

v Dots appear farther to the right on the X-axis or higher on the Y-axis as

signal intensity increases.

a Contour Plot:

v Displays two parameters simultaneously.

v Contour lines provide a third dimension by joining X- and Y-coordinates

with similar event counts (similar to topographical maps). .




Density plot

- - - - - .
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Contour Plot

Caontour

5% Probability

Flots

2% Probability




3 A gate is a numerical or graphical boundary that can be used to

define characteristics to include for further analysis.

0 Gates are used to identify subsets of data, or populations.

2 Populations defined by gates can be used to generate statistics

and limit the number of events collected or saved.

Flow cytometry




Lymphocytes Singlets Viable Cells CD4+ and CD8+

A representative Nested Gating Strategy illustrating lymphocyte population
being subgated to the level of CD4+ and CD8+ T Cells.
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0 More than one fluorochrome can be used simultaneously to

identify cells in a sample tube.

a Emission spectra of the fluorochromes may overlap each other

and bleed into the detection filters for other fluorochromes. This

Is called spectral overlap.
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Compensation — Separation of colors

350 400 450
Wavelength (nm)

Flow cytometry




0 To accurately record the fluorescence signal for a given fluorochrome, you
need to correct the emission signal, and this correction is often called

compensation.

0 Compensation allows you to distinguish cells or particles that are truly

positive for specific fluorochromes from those that appear to be positive do to

spillover into other detectors.

QIn order to see the amount of compensation required to correct the
fluorescence, you need single-color samples such as aliquots of the cell

sample stained with each fluorochromes separately.
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Uncompensated

o
i TG0 ARC-Cnd

FITC
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Compensated

Compensation
Decrease the false positive events for
every parameter because of overlap in
band of spectra

g4 Crars P00 BT A=y

% Excitation/Emission

90
80

70
60

50 §

40 *

30
20

10 -

0

300 500

Flow cytometry Wavelength (nm)




-1 2 3 - 1 2 3
10 10 10 10 10 1E|1 1|I]I:| 10 10 10 0 1|:|‘I 1|:|2 1I:|3

FL1:FITG FLZ: PE FLZ:PE
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530
filter

Alexa Fluor 488 ,

R-PE overlap
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Alexa Fluor 488 overlap

600
Wavelength of light (nm)

Flow cytometry




3 Not compensated 2 : Compensated

£ F lFL?-%FU

o o5 ‘-. h". N ". ) il
r o wl s b v oa e J -
® o - r . y - -+
T s Rt
- .
. 0T s
11

FL1-H ' ' ' FLI-H ' ' ' FL1-H

| Undercompensated | Overcompensated

cicall i

Paa— PREa——

——d e —oTl
66



uncompensate Under compensate

0 ) O Compensation
FLI - o.o@smz

2. 131 @u FL1
FL2 - o@ss A3
3. 272 @x FL2

F3-  049%FL

Fe- 03 %A3
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compensate Over compensate

O ) O Compensation

O ) O Compensation
FLI- 1.8 @9& FL2 o= 3,7@“ L2
FL2- 141 @x FL1 FL2- 157 @u FL1
FL2 - o@u FL3 FL2 - o@xn.s

FL3- 272 @u FL2 Rs-  272fflwre
s =g, ) o: {;}
FL3 - 0'3'% FLa R F3-  03%A4

- . A
Fla-  03%A3 F Al G e

L) .
"IIII I‘IIIIIIIIIII-

' e
IlllIllll-lIllllllllllI.‘ : .

10% 103

ul7294 Compensation is specific to thesfluerochrome, not the cell




Compensation

= Cytometer - FACSCantoll (¥96300072) X
Parameters | Threshold | Laser Compensaton | Ratia

The system Is ready
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« Correction of spectral
overlap

« depend on:
* Fluorochromes used
= \/oltage settings

« Samples:
» Unstained cells as
negative control
» Single stained samples
for the calculation of the
spectral overlap

Flow cytometry




Which tool for compensation?

BD FACS™ BD FACS™
7- Color Setup Beads CompBeads or
CompBeads Plus

Single stained cells
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Tools for Compensation
Antibody Capture Beads for Compensation

Lymphocytes

Compensation set using
antibody capture heads

i)

CD56-PE CD56-PE
Lymphocytes AbC™ Compensation . SETLME
Beads A

CD56-PE

Useful when antigen expression is dim (as in CD56 example here)
Useful when antigen expression is normally absent

Useful when cell numberis limited
* Uses same antibody conjugatesas used in experiment
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-Run unstained cells

-Adjust the PMT voltages so that the negative
population 1s off the axis in every channel.

-
=
—

1 0®

10

FL2-no stain

I’IIZI1

107 10° 10*

FL1-no stain



Setting compensation - FITC single stain

FL.2-no stain

-Run single stained control (FITC stained only)

-Adjust the compensation value so that positive
and negative population have the same FL2
median fluorescence intensity.

10+

Uncompensated

|103

1 0=

10!
ie

10° 10' 10° 10°

FL1-FITC CD3

10*

FL2-no stain

+
]
—

Compensated

I1IZI3

1 02

10!

:._l'.l

oy
L] I‘l. :l
.!_-.;‘ -'I

Medidan values
both = ~3.2

10" 107

FL1-FITC CD3

10° 10+




-Run single stained control (PE stained only)

-Adjust the compensation value so that positive
and negative population have the same FLI1

median fluorescence intensity.

FL2-PE CD4

-
L]
iz

10!

10°

..I'I03 "

Compensated

102

Median values

both =~2.5

-

10° 10' 10° 10%

FL1-no stain

10*
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Examples

ok

wrong compensation

| less

Compensation Coatrols-FITC Stained Control

Ll
(=]

il 1

= £

104

=k 14

FE-&

'II:I::I

IIIII IEIIIIIIIIII

T |||||||| T |||||||| .| |||||||| T
oo i T i

FITC-M

554
gé

Compensalion Controls-FITC Stained Control

a j

o @2
o
T3 &3 04
]
i,

I

T ||||||| T |||||.||i T |||||||| T
oot I T i

FITC-A

Too much
Compensation GontolsFITC Stained Control
o
=1 =12
2
=3 [N
o
i
o
=
: ;;ﬁ‘,im i i ““ | S
o %
Kk k3
::' T |||||||| T |||||||| |.|||||||| T
T D 10* 1 it 1
FITC-A

Specimen Mamea Compensaiion Confrols

Specimen Mame Compensalion Confrols

Specimen Mame: Compensstion Coniols

Tube Name: FITC Stained Cantrol

FE-A
Fopulation Median
B 67
M s ]

Tube Marme: FITC Stained Cantrol Tube Marne: FITC Stained Control

FE-A FE-A
Fapulation Median || Fopulaton Median
B:: 71 || Il 57
D o4 212 || [ =4 714

76



How to Correct for Spectral Overlap between Fluorochromes?

Which marker for compensation?

Correct
Compensation

Too Much

Compensation

A B

Small errors in compensation of a dim control (A)
can result in large compensation errors with bright reagents (B & C). Use bright
markers to setup proper compensation.

C

Too Little
Compensation

A B C
R I




vOnline Software:
- Acquisition and Analysis (both of them)
- Able to connect to the Cytometer

- Cell Quest Pro(BD), Flomax(Partec), FACS Diva(BD)
v Offline software:
- Just Data Analysis
- Flowjo, winMDI ,Cyflogic , Flowing software ,Cytobank

Flow cytometry




CD8-FITC
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File Edit Workspace Groups Tools Windows Help

Groups and Analyses

Skatistic

T 0.9-b6.010
1 0.9-unstain.016
T 0.941.011
T o9-2012
T 0.9-2.013
T 0.9-4.014
T 0.9-5.015
T 1.8-b.004
T 1.8-unstain.017
1 1.8-1.005
T 1.8-2.006
T 1.8-2.007
T 1.8-4.008
1 1.8-5.009
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[F5] 20231125 - Flowlo

File Edit “Warkspace Groups Teols Windows Help

oY) W (=) () (=)

[ Groups and
{7} All Samples File Edit Graph Display Go Help

ML BRI R0

Ungated

-

-

[G] 0.9-unstain.016: Ungated - FlowJo = @ % |

1 0.9-p.010 — ——— Suhpopularhnmmﬁicaui_—
1 0.9-unstain.016 S

U 091011 RO Enter the name of this subpopulation:

1 0.9-2.012 : ' -
7 0.9-3.013
T 0.9-4.014
1 0.9-5.015
1 18-p004 _
1 1.8-unstain.017 ) | Help || Display ok | [ cancel |
U 1.8-1.005 2 : —

T 1.8-2.008 . .

1 1.8-3.007
1 1.3-4.008
1 1.8-5.009

I A <

Count: 5175 /5175  100.0%
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File Edit Waorkspace Groups Tools Windows Help

Y ) =] (=) (7

5] 0.9-unstain.016: Ungated - FlowJo (=88] = | [B] 0.9-unstain.016: FSC-H, SSC-H subset - Ao..

{7 T All Samples |Fi|e Edit Graph Display Go Help ﬂ File Edit Graph Dlsplisl;.lI Go Help
WEaENEE @@@ A& -.-

Ungated
e I FSCH, SSE’Hl Create bifurcated galﬁl

U og-bo10 S | FL1-H-
w 1] 0.9-unstain 016 R 99.8%
w 5 FSC-H, S5C-H subset . : e :
€ FL1-H+
&5 FL1-H-
T o101
T 0.8-2.012
T 0.8-3.013
T 0.9-4.014 - q
U 0.9-5015 FSC-H, 55C-H subset
T 1.8-b.004 1 85.3%
1 1.8-unstain.017 g
1 1.81.008
T 1.8-2.006
T 1.8-3.007
1 1.8-4.008
1 1.8-5.009

T men v @ (|OE  TERwm v EH

» Options
»  Active Gate

FSC-H, 55C-H subset = 85.3%
Count: 5175 /5175 100.0%

» Statistics Count: 4414 / 5175  85.29%
T
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File Edit Workspace Groups Tools Windows Help
oY) ) (&) (8) (=)

' = 2 - v
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