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Basics of Flow Cytometry
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Flow Cytometer — a different kind of “microscope”

Lysed human whole blood

Microscope
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Lymphocytes
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Flow Cytometer

T
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&= DKSH

Advantage
Quantitative
Rare population
Multiple phenotype

Disadvantage

Lost structure information
of tissue/cell
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Flow Cytometer Components % DKSH

s El@ctronics: 0% E &M

compultor
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Optics: WWEEH " Size
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ey ' 3 ¢ Forward scatter (FSC)
\Q X
48810 fMor “ CO m p | eXIty
l— Side scatter (SSC)
- Phenotype

Fluorescence



Fluidics: 3%k 2 ig

The fluidics system of a flow
cytometer is responsible for
transporting sample from the
sample tube to the flow cell.

Molecutar Probes School of Fluorescence
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Optics: ERER % DKSH

SSC
(Complexity)

The components of the
optical system include
excitation light sources,
lenses, and filters used to
collect and move light around
the instrument and the
detection system that
generates the photocurrent.

FSC
(Size)

488 nm Laser

633 nm Laser

invitrogen Molecular Probes School of Fluorescence



Electronics: sCi% &3

The electronics are the

brains of the flow cytometer.

Here, the photocurrent from
the detector is digitized and
processed to be saved for
subsequent analysis.

PMT

-

Incomi
photo?xg

invitrogen




Signal Pulse

Voltage

Height (H)

Full pulse width (W)
Time



Data of Flow Cytometry

File format: FCS3.0, FCS3.1

IE_

91.3
93.0
39.5
76.5
98.8
48.6
87.7
54.4
91.5
19.8

© 00 N O o & WO DN

27.8
44.9
75.7

3.9
92.8
46.5
29.2
26.5
80.8
63.9

62.0
73.8
23.3
12.3
63.2
93.7

4.1
68.1
63.8
69.4

Flow Cytometry Standard (FCS)
https://isac-net.org/page/Data-Standards

78.9
47.7
68.3
76.1
52.3
52.9

6.9
721
71.6
46.7

83.4
19.2
49.2
72.5
24.2
74.8
48.7
12.7
15.0
43.9

73.1
29.0
53.7
70.0
11.4
87.0
oS7.7
80.1
89.9
25.7

1 marker

&= DKSH

2 markers

CD4+ Cells

4 3

CD4 FITC
Histogram

O
e O
B S
+
=
0O
D

Is

CD4 FITC
Dot plot
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Fluorescence z DKSH

Definition of Fluorescence Jablonski Diagram Summary

Wy,

‘\"\Loss of Energy
Absorption 2
(oAt Fluorescence V\

Excitation Emission

®

1

Absorbed light

Emitted light

Emission



Channels for Fluorochrome z DKSH

Fluorochrome: PE Fluorochrome: APC
Channel: Ex 488, Em 574/26 Channel: Ex 637, Em 670/14

Blue 488 Red 637

695/40 780/60 670/14 720/30 780/60

. Excitation spectrum . Excitation spectrum

Emission spectrum Emission spectrum

Detected fluorescence Detected fluorescence

https://www.thermofisher.com/order/fluorescence-spectraviewer#!/



https://www.thermofisher.com/order/fluorescence-spectraviewer#!/
https://www.thermofisher.com/order/fluorescence-spectraviewer#!/
https://www.thermofisher.com/order/fluorescence-spectraviewer#!/

Fluorescent Reagents

What type of applications are you using in flow cytometry?

Cell proliferation

II<—

ma Population doublings

CellTrace Reagents

= DNA replication

Click-iT Plus EdU,
Click-iT EdU, BrdU

https://www.thermofisher.com/tw/en/home/life-science/cell-analysis/flow-cytometry/flow-cytometry-assays-reagents.html

I

Annexin conjugates,
CellEvent Caspase-
3/7 Green

mmll Cell cycle
md Live cell

Vybrant DyeCycle stains

= Fixed cell

FxCycle stains,
CellEvent Senescence,
Propidium lodide,
7-Aminoactinomycin D,
(7-AAD) SYTOX dyes

Viability

= Fixable

LIVE/DEAD stains,
eFluor fixable
viability dyes

Not fixed

SYTOX stains,
7-AAD stain,
DRAQY dye,
Propidium lodide

—»

>

>

Metabolism

Mitochondrial probes

II& :
O

A

wn

L

MitoProbe TMRM,
JC-1,
MitoProbe DIiOC,(3),

MitoProbe DIlC,(5),
MitoProbe Transition Pore

Oxidative stress

Total ROS Assay,
CellROX stains,
Hypoxia Green reagent

Calcium indicators

eBioscience Calcium
Sensor Dye eFluor 514,
Indo-1 AM
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https://www.thermofisher.com/tw/en/home/life-science/cell-analysis/flow-cytometry/flow-cytometry-assays-reagents.html
https://www.thermofisher.com/tw/en/home/life-science/cell-analysis/flow-cytometry/flow-cytometry-assays-reagents.html

Fluorescent Antibody %~ DKSH

Antibody: Specificity E—14 Fluorescence: Identity ###E
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Cell Characteristics by Flow Cytometry @’ﬁ DKSH

pRAIN R RESE

< Surface staining Immunophenotyping
(e.g. CD markers)

IEARE N
Cytosolic staining
(e.g. cytokines)

ZARE
Nuclear staining
(e.g. transcription factors)

—

Granularity (SSC)

cytosol

<

nuclear A

<

A A 2 Y
(e.g. GFP, PE, AP

> Intracellular staining

“~ 4RI BE B
Cell function assays

(e.g. viability, proliferation, cell cycle, apoptosis, metabolism)

*
L 4

Size (FSC)

https://www.thermofisher.com/us/en/home/life-science/cell-analysis/flow-cytometry.html Page 14
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Applications of Flow Cytometry

Number of cells counted

iR ERY

Cell cycle
2000
1500 4
1000 4
500 -
o_
50 100 150 200 250

Propidium iodide fluorescence

Vybrant® DyeCycle’™ Violet fluorescence

AR AT

Apoptosis

O

-
I

Alexa Fluor 488 fluorescence

. - . . =
0 10 10 1w 10!

Click-iT* EdU Alexa Fluor® 488 fluorescence

SYTOX® Red Dead Cell

Stain Fluorescence

DNAS A
DNA synthesis

FxCycle™ Violet fluorescence

21EE7

Oxidative Stress

Dead ++
10° 412.0% 2.91%
10
10°
102 4
0 o Live ROS+
4 1.40% 83.6%
TNy T T L | ™
0 10 10° 10¢ 10°
CellROX® Orange

Reagent Fluorescence

Percent of max

Percent of max

AIB R

Proliferation

10¢ 10* 10° 10%

CellTrace CFSE fluorescence

HeE1L

Senescence

o> treatment

CellEvent Senescence Green

Fixable Viability Dye eFluor 780

CD4ECD

i IEEDES

Viability

e

Forward Scatter

SBHE
Immunophenotyping

CD8 PacBlue
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Flow Cytometry Solutions from Thermo Fisher Scientific @% DKSH

SENE Surface Experimental 'nStr“r;‘f:gtat'o
Preparation Staining Controls Autormation

TH ]
t fL-' t

Live ceII

-
)
.&

Dead cell
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Let Us be Your Partner in Flow Cytometry! @’é‘: DKSH

L4 Flow Cytometry Thermo Fisher Products
- AR E HA iMpRiE R NEREANR InVItrOgen
Cell cycle Proliferation Antibody Titration . .
‘ eBioscience
Molecular Probes

Custom Service

g

g

8
Percent of max
8

g

Number of cells counted

wd

BN B = (8 SR 7S

0 VR
0 50 100 150 . 200 250 . 10 10* 10° 1 \i
Vybrant® DyeCycle’™ Violet fluorescence ; R -
L . SLiore CellTrace CFSE fluorescence % "\ &0, >
s ’ &

RRAARHT | - ARET

Panel Design. Apoptosis Immunophenotyping I EE,

CD4ECD

H%% n\g Hy /%c *H E% E:HI /EL:,\ ~

Propidium iodide fluorescence
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Attune Flow Cytometer



Evolving with the Growing Needs of the Flow Cytometrist @% DKSH

Reliable workhorse instrumentation

More information needed per cell

! 4
\
%

Invitrogen™ Attune™ NxT Invitrogen™ Attune™ CytPix™ Invitrogen™ Attune™ Xenith™
Flow Cytometer Flow Cytometer Flow Cytometer
Up to 14 fluorescent channels Up to 14 fluorescent channels 51 fluorescent channels
with brightfield imaging and spectrally enabled

Efficient, flexible, Two data sets, one step, Understand your cells
transformative zero doubt on a whole new level
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Attune NxT Acoustic Focusing Flow Cytometer %~ DKSH

Small in size, big in performance

Acoustic Focusing

Flat-Top Laser SHE R BN RASEN B E Rl - At I

TIEES 9T A KIBRF BB ATIE - BIF KES utosampler _

HRERERRRENHFEE ASBRRE oJEEc B 8) L CytKick (MAX) -
§ l ///%ﬂtﬁﬁﬁ%ﬁﬁ

Syringe Pump
B AR IR

OIS ETEMIERE
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Acoustic Focusing

CRRNE

‘o
>

‘-
™
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-
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End-on view of capillary




Acoustic Focusing %~ DKSH

High sample input flow rates allow for more sample flexibility

BRReE NRE BREWERE

(LS SR RRE iy
Acoustically focused
sample stream

core T~
# Laser \|\ °’.. ‘ Laser

(cross-section)

Hydrodynamic

'

(cross-section) o
[ ]
° (-] ® (]
; ‘ / \ i\
L]
[} [}
o s [, % S %
[ \ oo g / 3 & [\ s
° < = < °® =
Cl %) e = 7] =
@ ° )
° % *e © =
° e o° o S :
I . I I ° I BEREE
£ ° £ c L.. ° < ® / o
5 ° o4 s S o ,° S ® ™
@ @ @ o B °
° ° ® 0o o0 o o
® e e o oo o°
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Comparable Results at All Flow Rates

Traditional Cytometers

12.5

12 pL/min

& Cv=4.83

60

120 pl/min
35 yL/min 60 yL/min
-
CvV=6.12 %

e il (FLI-H

g

"

Hydrodynamic Focusing Only

>

Attune @
NxT 500 1000 pl/min
250
s 100
e 25
12 .5 Up to10x Faster than
) Traditional Cytometers
12.5 pL/min 25 uL/min 100 uL/min 200 pL/min 500 pL/min 1,000 yL/min
CV=2.99 CVv=3.03 Cv=276 | CV=2.94 Cv=2.70 CV=2.96
BL2-A BL2-A BL2-A BL2-A BL2-A BL2-A

Acoustically Enhanced Hydrodynamic Focusing
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Syringe Pump

Time vs. count plots showing a moving
average of the number of events

1,500

>

Measured concentration of
10 pm beads as a function of rate

108
)
=
=
w
o
1 ,OOO = S 105-7-2_-—:li
= a
c
3 Cell counting 5
S L oorena 9 %
500 - sprea 5 40 - - - a
c
5 |
c Expected concentration (beads/mL}):
8 W 10,000 W 100000 1,000,000
0 T T T T T T T T 10° T T T T T T
0O 2 4 6 8 10 12 14 16 12.5 25 100 200 500 1,000
Time (10°) Flow rate (uL./min)
[ J

Smooth delivery of samples
Consistent concentration results

Resist to clog

vy)

Concentration (beads/mL)

10°

1051

108

Measured concentration of
3 pum beads as a function of rate

¢ — % — 3

Expected concentration (beads/mL):

M 10,000 M 100,000 1,000,000

12.5 25 100 200 500 1,000

Flow rate (uL/min)
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Attune CytPix

Two Data Sets. One-Step. Zero Doubt.

The Attune CytPix Flow Cytometer was named
one of the 2023 Edison Awards™ winners in
the Medtech category. The Edison Awards is
among the most prestigious accolades
honoring excellence in new product and
service development, design, and innovation.

Bright-field imaging (20X)
» Correlate event to image
» Capture up to 6,000 images per second
4 * 0.3 um per pixel, 0.8 um particle detection
- » Automated image analysis for image-derived parameters

Page 25
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Benefits of Acoustic Focusing for Imaging %’& DKSH

Particles in and out of DOF

- " 13

o,
o (+] (+] Ole

Ln

r pi) L) L3

o

° _Jo O—u. e| o (v}

25 pL/min 107 1 @ ol ol ole | ol e | o

Hydroonly °T s oo BRIl EERNL ik
0 | | | ' ' ' o| o ol of o

100 ul/min S | o m—)

Hydro only .,,. Lo B e
40 T T T T T T T T T : =

E
1

500 pL/min 20 - | @
Hydro only
0 | | | =51 | 1 I_‘_-._

50 T T T T

100 pL/min

Acoustic and hydro

Acoustic and hydro cytometers cannot

500 pL/min l (4] o Standard flow
0o 1

0 . : . ! L ! L L collect ldata at .this rate; ° ° ° ° 5 s
-50 -40 -30 -20 -10 0 20 30 40 50 acoustic focusing allows
both data and images to _,. ~—J‘ ~"J. L. ~. 2
Particle distance from flow axis (um) be collected

Page 26



Image Quality and Image-Derived Parameters @’é‘: DKSH

Image-derived parameters

Intensity features

Maximum intensity Intensity skewness
Minimum intensity Intensity kurtosis

12.5 pL/min 25 pL/min 100 pL/min Total intensity Intensity entropy
Average intensity Average normalized intensity
Intensity standard deviation (SD) Normalized intensity SD
Intensity %CV Normalized intensity %CV
Shape features
Area (um?) Major axis (pm)
Perimeter area (um) Minor axis (um)

290 pLimin SO0 Limin 1.0 pLimin Circularity (%) Minor to major axis ratio (%)
Pseudo diameter (um) Eccentricity (%)

Object feature
Particle count
Pixel feature

Pixel count

System features

Consistent image quality of CAR T cells at
different flow rates.

On border Processed

Confidence score Processable
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Flexible Application: No-Wash, No-Lyse Whole Blood Analysis

Whole Blood

D 3 /"'
Leukocytes /
7 v
Platelets 4
' RBCs
10° u;" 10° 1(;°
SSC (488nm)

SSC (405nm) (x108)

0.9

0.8

0.7 4

06 4

05

044

034

024.

Leukocytes

&= DKSH

Generic sample preparation workflow

Granulocytes

Monocytes

" Lymphocytes

Single-cell
suspension
(5—10 min)

Wash
(5—10 min)

Wash
(5—10 min)

Stain
(15—30 min)

Wash
(5—10 min)

Lyse
(30—-60 min)

No-wash, no-lyse sample preparation workflow

; Analyze
o L

20—40 min

Single-cell

: Stain
suspension

(15-30 min)

=3 Up to

B = 65%
l ¢! reductionin
“” preptime

(5—10 min)

00 0‘1 0‘2 0‘3 04 05 0‘6 0T7 0'8 0‘9
FSC (488nm) (x109)

10 *Compared to conventional cytometers.

*With Attune™ NxT No-Wash No-Lyse Filter Kit
*Need 405 nm Laser
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Flexible Application: No-Wash, No-Lyse Whole Blood Analysis &= DKSH

o All Events / 9 ®
RBC: 95.0% :

WBC: 0.1%
5 Platelet: 4.8%

10

10 10 10’ 10°
SSC-H
Human whole blood, 1:4000 diluted in PBS
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Flexible Application: No-Wash, No-Lyse Whole Blood Analysis &= DKSH

GN

WBC @ @
750 GN: 32.60/0/_\/

g;‘soo @ g

=

4

9250 B -
0 250 500 750

FSC-H (1073)
Human whole blood, 1:4000 diluted in PBS
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Pond water, 70 um filtered, fixed




Pond water, 70 um filtered, fixed

10

KK \|2
=23

T 31

HAREF AR &
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-10-
10 0

10
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9,
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—
250
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Workflow of Flow Cytometry with Attune NxT
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Flow Cytometry Workflows %~ DKSH

» Panel Design — Flow Cytometry Panel Builder

- Antibody Titration EfniREl

« Controls

« Sample preparation » 3
o AR EEERE

* Cell staining

* Flow Cytometer Start Up

+ Select Channels

« Setup Workspace (Cell > Singlet, gating strategies, controls for threshold setup)
» Setup Collection Panel

« Setup PMT (signal min. from unstained control, signal max. from positive sample) J:7|‘,7<7] 7|‘)‘/r;)2|'{‘ F
« Setup Compensation (single stained control for all fluorophore)

* Analyze Samples

« Data Export (FCS 3.0 or higher)

* Flow Cytometer Shutdown

« Data Analysis %Q}F%j\ﬂ‘ﬁ
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Principles of Panel Design

1. Know your flow cytometer (channels).

2. ldentify markers of interest (literatures for gating strategy; Immune cell guide).
3. Know the spectrum of fluorophores and minimize spillover.

4. Brighter fluorophores for lower-expressed markers, and vice versa.

5. Use spectrally similar fluorophores for different cell subpopulations.



Attune NxT Configurations, NTOU

FSC: Forward scatter
SSC: Side scatter

Excitation Laser

Blue-488 nm

Red-637 nm

Emission Filter (nm)

530/30

695/40

780/60
670/14
720/30
780/60

Fluorescent Proteins/

Channel Common Fluorophores Compounds
BL1 Alexa Fluor 488, FITC eGFP, eYFP, *B-carotene
BL2 Alexa Fluor 546, PE(phycoerythrin), Nile Red(N) eYFP, mCitrine, Venus
BL3 PE-Alexa Fluor 700, PE-Cy5.5, PerCP, PerCP-Cy5.5 *chlorophyli
BL4 PE-Cy7, PE-Alexa Fluor 750
RL1 APC, Alexa Fluor 647 phycocyanin
RL2 Alexa Fluor 680, Alexa Fluor 700, APC-Alexa Fluor 700
RL3 APC-Alexa Fluor 750, APC-Cy7
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Flow Cytometry Panel Builder @'ﬁ DKSH

nnnnn

CD4, FITC
eeeeee
488nm \

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

Step 1: Cytometer Step 2: Antigens Step 3: Fluorochromes Step 4: Products Step 5: Summary
R RS R E LR BEIG EEEm AR E
: | E : | - ::Ll =

525/50 695/40 620/15 720130

eeeeeeeeee
| cos | Human fif openadvancedoptions | | o o @& g |  CD8PE
eeeeee
| cos | Human f#
£ Editcytometer settings % Load an existing panel O Cl anel
| cos | Human T ope
| D103 (integri | Human T ope

https://www.thermofisher.com/order/panel-builder/#!/
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Flow Cytometry Panel Builder % DKSH

My Panel
Select

. - SpeCtraViewer

Blue 488 Red 637

Help @
B1 B2 B3 B4 R1 R2 R3
Ch | _|>
anne R
Spot
o — P
v v v v E y Fluorochromes for
g each channel
I 1.4 4 4 4 4
Q
<
‘EU 4 4 . 4 4 Flag
. | [ Recommended channel
d d [- d d » Expression level of marker
[ ] .
* Brightness of fluorochrome
]
®




Antibody Titration

> Use antibodies at the right concentration

> Antibody batch dependent

> Reduce background and increase signal to noise ratio
>

Reduce cost of antibodies

1. Setup target cell type, protocol, and cytometer configurations
2. Label cells with serial dilution of antibodies
3. Examine Stain Index to find optimized antibody concentration

500

400 -

Events

https://www.thermofisher.com/tw/zt/home/references/newsletters-and-journals/bioprobes-journal-of-cell-biology-applications/bioprobes-79/best-practices-multiparametric-flow-cytometry.html

300 4

200 A

25

50 75
Channel number

100

125

Stain Index = D/W

Where:
D is the difference between pasitive and negative peak medians.

W is the spread of the negative peak and is equal to 2 x rSD.
rSD is the robust standard deviation.

Signal-to-noise ratio = MFI (positive cells) / MFI (negative cells)
Where:
MFI is the median fluorescence intensity.

RL1-A

(89

Stain index (SI)

1055

10

10°

70

50 1
40
301
20 1
10+

&= DKSH

3 .. Positive

e~
)

i

B - . ’
b, .
&y el .

L ¥

100 200 400 800 1,600 3,200 NoAb
Antibody dilution

'/-—0-\‘

Best range

0 1,000 2,000 3000 4,000
Antibody dilution
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https://www.thermofisher.com/tw/zt/home/references/newsletters-and-journals/bioprobes-journal-of-cell-biology-applications/bioprobes-79/best-practices-multiparametric-flow-cytometry.html
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Put Viability Dye into Consideration - Dead Cell Exclusion @’ﬁ DKSH

A Lymphocyte gate = Viability gate

FSC-A
FSC-A

LIVE/DEAD Fixable Violet fluorescence

0.6% 26%

Dead cells adds significant
staining artifacts to analysis.

CD4-Cyanine5.5-PE fluorescence
CD4-Cyanine5.5-PE fluorescence

Perfetto et al. (2006) J Immunol Methods 313:199 CD8-Q705 fluorescence CD8-Q705 fluorescence
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Flow Cytometry Controls % DKSH

Single stained control for compensation

Negative control: ¥EH = =18
1. Unstained control
2. Isotype control
3. Fluorescence minus one (FMO) control for multicolor panel
4. FMO + isotype control

Positive control: TR E ku iz IEME - o] IS 2IFEHAEH 3



Flow Cytometry Controls — Single Stained for Compensatiofg% DKSH

Compensation is the mathematical method used to correct the emission overlap from one fluorophore into the
emission channel of another fluorophore.

Spillover FITC single stain Post compensation
’,"V'i‘ 530/30 /,’ 695/40 1'35 1
.8 Fi : 10°
"R | ' PE false positive
101 -
4 u
a
4 10° -
0 -] ‘i‘ﬁﬂ "‘Hg'
. negative positive 1 negative positive
INENLAAAA | BAALALL BN L R b Al Bl BN EEE LAY EELEMLLL B
0 10°  10° 0 10 10° 10

FITC FITC



When to Use Compensation Beads %’ﬁ DKSH

Cat.#01-3333-41
UltraComp eBeads™ Plus Compensation Beads

Compensation Beads

UltraComp eBeads™ Plus

Intracellular fluorescence

Poorly expressed markers

4 1051:
Limited amount of sample 0 b ]
L <
O 8 10°9
Large multicolor panel

Standardization

0 102 10* 10°

IFN-y FITC
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Flow Cytometry Controls — Unstained and Isotype Control @% DKSH

— Positive sample B CD4 Monoclonal Antibody (RM4-5),

1 — Unstained control Expression System: Rat IgG2a kappa
- Isotype control
N B Recommended Isotype Control:
— Rat IgG2a kappa Isotype Control (eBR2a),
5
by -y Isotype control for non-specific binding background

<
100 10‘ 102 103 10 .

10

CD4 FITC
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Flow Cytometry Controls — FMO control @’& DKSH

- Unstained Control m FuIIy Stained

FITC
PE - -+ isotype Ab CD3
PerCP - CDS8 CDS8
APC - CD45 CD45
10 7
m 1
% v unstained |
a "
O
|c|:J I|1|:n'1 | '_1|1'} I:||:|] Im! 1t 1 1o | 1 Ilul 1 107 Ilu-'!' I]-J‘I

CD4 FITC
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Flow Cytometry Workflows

» Panel Design — Flow Cytometry Panel Builder
* Antibody Titration
« Controls

TR

« Sample preparation
*_Cell staining

* Flow Cytometer Start Up

+ Select Channels

« Setup Workspace (Cell > Singlet, gating strategies, controls for threshold setup)
» Setup Collection Panel

« Setup PMT (signal min. from unstained control, signal max. from positive sample)
« Setup Compensation (single stained control for all fluorophore)

* Analyze Samples

« Data Export (FCS 3.0 or higher)

* Flow Cytometer Shutdown

« Data Analysis
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Immunophenotyping with Flow Cytometry

-

-

BARE O\
Cell Dissociation
\
RBC lysis
(Tissue, Blood)

Viability Staining
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Cell Preparation for Flow Cytometry Protocols % DKSH

 Cell preparation for flow cytometry protocols
» Protocol A: Tissue Culture Cells
* Protocol B: Lymphoid Tissue
* Protocol C: Non-lymphoid Tissue
» Protocol D: Isolation of PBMC from Whole blood

* Worthington Tissue Dissociation Guide
The Worthington Tissue Dissociation Guide provides a useful summary and guide of the various
methods that can be used for tissue dissociation.



https://www.thermofisher.com/tw/zt/home/references/protocols/cell-and-tissue-analysis/protocols/cell-preparation-flow-cytometery.html#protocol-a
https://www.thermofisher.com/tw/zt/home/references/protocols/cell-and-tissue-analysis/protocols/cell-preparation-flow-cytometery.html#protocol-a
https://www.thermofisher.com/tw/zt/home/references/protocols/cell-and-tissue-analysis/protocols/cell-preparation-flow-cytometery.html#protocol-b
https://www.thermofisher.com/tw/zt/home/references/protocols/cell-and-tissue-analysis/protocols/cell-preparation-flow-cytometery.html#protocol-b
https://www.thermofisher.com/tw/zt/home/references/protocols/cell-and-tissue-analysis/protocols/cell-preparation-flow-cytometery.html#protocol-c
https://www.thermofisher.com/tw/zt/home/references/protocols/cell-and-tissue-analysis/protocols/cell-preparation-flow-cytometery.html#protocol-c
https://www.thermofisher.com/tw/zt/home/references/protocols/cell-and-tissue-analysis/protocols/cell-preparation-flow-cytometery.html#protocol-c
https://www.thermofisher.com/tw/zt/home/references/protocols/cell-and-tissue-analysis/protocols/cell-preparation-flow-cytometery.html#protocol-c
https://www.thermofisher.com/tw/zt/home/references/protocols/cell-and-tissue-analysis/protocols/cell-preparation-flow-cytometery.html#protocol-d
https://www.thermofisher.com/tw/zt/home/references/protocols/cell-and-tissue-analysis/protocols/cell-preparation-flow-cytometery.html#protocol-d
https://www.worthington-biochem.com/tools-resources/tissue-dissociation-guide
https://www.worthington-biochem.com/tools-resources/tissue-dissociation-guide

Cell Staining Protocols

« Viability Dye Staining
» Protocol A: Staining Dead Cells with Propidium lodide or 7-amino-actinomycin D (7-AAD)

» Protocol B: Staining Live Cells with Calcein Dyes
* Protocol C: Staining Dead Cells with Fixable Viability Dyes (FVD)

 Staining cell surface targets protocols
* Protocol A: Cell Suspensions
* Protocol B: Human Lysed Whole Blood

 Staining Intracellular Antigens protocols
* Protocol A: Two-step protocol: intracellular (cytoplasmic) proteins
* Protocol B: One-step protocol: intracellular (nuclear) proteins
* Protocol C: Two-step protocol for Fixation/Methanol



https://www.thermofisher.com/tw/zt/home/references/protocols/cell-and-tissue-analysis/protocols/viability-staining-flow-cytometry.html#protocol-a
https://www.thermofisher.com/tw/zt/home/references/protocols/cell-and-tissue-analysis/protocols/viability-staining-flow-cytometry.html#protocol-a
https://www.thermofisher.com/tw/zt/home/references/protocols/cell-and-tissue-analysis/protocols/viability-staining-flow-cytometry.html#protocol-a
https://www.thermofisher.com/tw/zt/home/references/protocols/cell-and-tissue-analysis/protocols/viability-staining-flow-cytometry.html#protocol-a
https://www.thermofisher.com/tw/zt/home/references/protocols/cell-and-tissue-analysis/protocols/viability-staining-flow-cytometry.html#protocol-a
https://www.thermofisher.com/tw/zt/home/references/protocols/cell-and-tissue-analysis/protocols/viability-staining-flow-cytometry.html#protocol-a
https://www.thermofisher.com/tw/zt/home/references/protocols/cell-and-tissue-analysis/protocols/viability-staining-flow-cytometry.html#protocol-a
https://www.thermofisher.com/tw/zt/home/references/protocols/cell-and-tissue-analysis/protocols/viability-staining-flow-cytometry.html#protocol-a
https://www.thermofisher.com/tw/zt/home/references/protocols/cell-and-tissue-analysis/protocols/viability-staining-flow-cytometry.html#protocol-b
https://www.thermofisher.com/tw/zt/home/references/protocols/cell-and-tissue-analysis/protocols/viability-staining-flow-cytometry.html#protocol-b
https://www.thermofisher.com/tw/zt/home/references/protocols/cell-and-tissue-analysis/protocols/viability-staining-flow-cytometry.html#protocol-b
https://www.thermofisher.com/tw/zt/home/references/protocols/cell-and-tissue-analysis/protocols/viability-staining-flow-cytometry.html#protocol-b
https://www.thermofisher.com/tw/zt/home/references/protocols/cell-and-tissue-analysis/protocols/viability-staining-flow-cytometry.html#protocol-c
https://www.thermofisher.com/tw/zt/home/references/protocols/cell-and-tissue-analysis/protocols/viability-staining-flow-cytometry.html#protocol-c
https://www.thermofisher.com/tw/zt/home/references/protocols/cell-and-tissue-analysis/protocols/staining-cell-surface-targets-flow-cytometry.html#suspensions
https://www.thermofisher.com/tw/zt/home/references/protocols/cell-and-tissue-analysis/protocols/staining-cell-surface-targets-flow-cytometry.html#suspensions
https://www.thermofisher.com/tw/zt/home/references/protocols/cell-and-tissue-analysis/protocols/staining-cell-surface-targets-flow-cytometry.html#blood
https://www.thermofisher.com/tw/zt/home/references/protocols/cell-and-tissue-analysis/protocols/staining-cell-surface-targets-flow-cytometry.html#blood
https://www.thermofisher.com/tw/zt/home/references/protocols/cell-and-tissue-analysis/protocols/staining-intracellular-antigens-flow-cytometry.html#cytoplasmic
https://www.thermofisher.com/tw/zt/home/references/protocols/cell-and-tissue-analysis/protocols/staining-intracellular-antigens-flow-cytometry.html#cytoplasmic
https://www.thermofisher.com/tw/zt/home/references/protocols/cell-and-tissue-analysis/protocols/staining-intracellular-antigens-flow-cytometry.html#cytoplasmic
https://www.thermofisher.com/tw/zt/home/references/protocols/cell-and-tissue-analysis/protocols/staining-intracellular-antigens-flow-cytometry.html#cytoplasmic
https://www.thermofisher.com/tw/zt/home/references/protocols/cell-and-tissue-analysis/protocols/staining-intracellular-antigens-flow-cytometry.html#nuclear
https://www.thermofisher.com/tw/zt/home/references/protocols/cell-and-tissue-analysis/protocols/staining-intracellular-antigens-flow-cytometry.html#nuclear
https://www.thermofisher.com/tw/zt/home/references/protocols/cell-and-tissue-analysis/protocols/staining-intracellular-antigens-flow-cytometry.html#nuclear
https://www.thermofisher.com/tw/zt/home/references/protocols/cell-and-tissue-analysis/protocols/staining-intracellular-antigens-flow-cytometry.html#nuclear
https://www.thermofisher.com/tw/zt/home/references/protocols/cell-and-tissue-analysis/protocols/staining-intracellular-antigens-flow-cytometry.html#fixation
https://www.thermofisher.com/tw/zt/home/references/protocols/cell-and-tissue-analysis/protocols/staining-intracellular-antigens-flow-cytometry.html#fixation
https://www.thermofisher.com/tw/zt/home/references/protocols/cell-and-tissue-analysis/protocols/staining-intracellular-antigens-flow-cytometry.html#fixation
https://www.thermofisher.com/tw/zt/home/references/protocols/cell-and-tissue-analysis/protocols/staining-intracellular-antigens-flow-cytometry.html#fixation

Flow Cytometry Workflows %~ DKSH

» Panel Design — Flow Cytometry Panel Builder

- Antibody Titration EfniREl

» Controls

« S I ti 2 >
ampie preparation ¢§Zl§%1% ,}i\fij%@

* Cell staining

* Flow Cytometer Start Up

+ Select Channels

« Setup Workspace (Cell > Singlet, gating strategies, controls for threshold setup)
» Setup Collection Panel

« Setup PMT (signal min. from unstained control, signal max. from positive sample) J:7|‘,j< 7] 7|‘)"r ;ﬁ‘_t F
« Setup Compensation (single stained control for all fluorophore)

* Analyze Samples

« Data Export (FCS 3.0 or higher)

* Flow Cytometer Shutdown

« Data Analysis %Z})%N‘ﬁ
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Attune NxT XD iR IE % DKSH

1. 1 EHEE29MNE (Fluid bottles and connections, Syringe, SIP) - ZZBREERE @ BREEE
2. FARIAttune NxTE2EE S EH

3. Bi&hAttune NxTO 2T )\ﬁﬁﬁ%ﬂ]%)ﬁ, (operator: #7TPerformance Test) °

4. #\77Startup (X957 %) -

5. & EExperiment

6. ZJ#Channels - DIKAREIZRIA - H - WEUE -

7. & EWorkspace: Cell (FSC-A, SSC-A) > Singlet (SSC-A, SSC-H) > Chart for markers -
8. % ECollection Panel: IRHUR AR - DiTAE - BIEREEE

9. H*”QPMT voltage: Dlunstainedix AEIZE ZchannelE =18 - PUETIRBEAE R Zchannelix KB - #Z FHchannel PMT voltage -
10.5 Compensatlon FRARNR—EZNECR - EEREREARDINEEE 1T B 8 Compensation -

11. TTF?_J: . Hfficontrols I R IETN A EEAR -

12.HEERER: atx[RIREIEIEZR - FCS3.11EX - excellE% - BIPDFIRE -

13.#177Shutdown (14077 §&) -

14 .B8EAAttune NxTI23, - BEPAEERKGELAttune NXTE IR -
155 = EERIE
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Main Manu = DKSH

Attune™ Acoustic Focusing Cytometer

G '

New Experiment
from Template

Performance Test New Experiment Import Experiment
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Performance Test

invitrogen

by Thermo Fisher Scientific

Attune™ performance tracking 44469754
beads *for use with the

Atrere™ Aceustic Facuiing Cytemeter ¢
Sintenaity laveis 1.234°
Pratect from tight *09 NOT FREZE™ -
Oty; 3mL /}/
[to1] 20297736 T

For Research Use Only.

Life Technologies Corporation ok
wd 29851 Willow Creek Road Nt w54 In Sagaonti Sreceuril

Eugene, Oregen 7402

[

Cat.#4449754
Attune™ Performance Tracking Beads

PMTV

Delta PMTV  Target MFI
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Linearity

Laser Delay
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300,000

302,628

290,538

301.217

305144
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304,672
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296,768

302433

300,499

306,149

294123

296,638

299,562

223%

29 %

149%

117 %

244 %

358 %

354 %

357 %

135%

166 %

257%

319%

155 %

281%

4.00 %

451%

0

0

132

177

22

13

43

23

0.000

0.000

1.000

1.000

0.999
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0948

0.999
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1.000

0.999

0999

1.000
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0.993

1100

1100

1100

1100

1100

1415
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1415

0O 000000

(¢ ]
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Main Manu — New Experiment ~ DKSH

Performance Test New Experimen
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3. Collection Panel

2. Workspace

<admin’ - Attune™ oftware

Home  View [MUCUSSISMM Instrument  Experiment pensation  Statistics  Overlay

M B ODoO0O+® HDE

(&S

Tedt Image Statistics

Edit
ite. Gates

SaveasDefault | Histogram Dot Density Precedence | Rectanguler Oval Polygen Quadrant Dirived i+ o
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Options Resct Window Layout

llection Panel utts  Heat Ma Instrument Settings

Preview - All Events [l ametel
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1. Channel

4. PMT V.
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\®

R EHIRSE - 1. Channels % DKSH

Parameters

Baseline/PT Config BRXCK
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\t

TEEZS S8 - 2. Workspace

FI

Experiment Workspace ~ RG] G T ET RN

Preview - All Events [l

o 2= AN AU R 18] (& 1

All Events - Sample

1000-[Cell: NJA

1. BEAMRE{IE: FSC-A vs SSC-A ©
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2

Cell - Sample
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https://expert.cheekyscientist.com/6-flow-cytometry-gating-tips-that-most-scientists-forget/
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< Sample: EEQ-Ieab -

Run Protocol

Automatically update Experiment level Run Protocol
g Apply to experiment
UL XN L
(EE n/umEH H/—‘l Eylj EEU ++§$< E 7R)

pL (250 plL Total Draw Volume)

§j *ﬁ iz—_\L ;E — 100 pL /min
Stop Options
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1000-ICell: 94.38%

— R EZL B EN AP (~ 10 pm) i &1L
FSC (150) A& SSC (350)Fa %8RIz - B
RIB4A R AR AR T E 5

SSC-A (1073)

Voltage

=)

0.001 500 1000

FSC-A (1073)

-

e
=

Q1: 25.54% Q2: 0.40%

[=]

Plunstainedtx A5 22 &1 5k ax /) VB
PUF T B N AR & AN E
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-
=
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100 100 100 100 10" 100 10

CD4 - FITC-A
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EERICHRERNAEEREL

DEFEEE T TcompensationHl
channels

Note: Cells for negative and positive signal must have the
same level of background fluorescence.

Compensation Setup

Source
® Tubes @ wels
Meazurement
(& Area @ Height
Select Background Fluorescence Mode
(& Use Negative Gate
@ Use Unstained Contraol
@ Mone

Select Compensation Parameters

Select All

BL1 RL1
BLZ RL2
BL3 RL3
BL4
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Negative Gate Positive Gate
®
All Events - RL1-A ‘ RL1-A R1 - RL1-A
I 1720 - I
~IRL1-A RL-: 58.164%0
g _,éOOO—:
:’: Y o 3 E
«] RL1-A RL+: 40,626%
oot s o 0_:0° 10 w11 Lm w0

FSC-A (103) APC-A

A0 &k Compensation controls 2 Bl f& &
1. EFHEEEH ZchannelBIPMT voltage
2. DEEIEIFR1 - Negative - L K Positive Gates
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208 B 72 5% fF FAHyperLog - LIIFTE=
IR/ BB

108
10°
0. CD4T: 68.88%

10°

102

CD4 - PerCP-Cy5.5-H

CD8 T: 25.78% .

102
0> -10° 0 10° 10° 10° 105 10°
CDS8 - APC-H7-H

Customize
~ DKSH
General
Plot Type @Histogram @ Dot (@ Density @ Precedence

Resolution:  [elaagpigelsts -

Mode: Log -

Density

Workspace Chart$8 2 #881%
51 55 B EL
Colar: [I. /H\‘ ///Q %Z FIH =

% of Events:  100%:

X axis

Parameter:

Scale:

@ Linear @ Logarithmic ® HyperLog™
Range:

® sutomatc @ Manual Ty -1000

LRl 1043575

HyperLog™ Transitional Value 1000

Y axis

Scale:
@ Linear @ Logarithmic ® HyperLog™
Range:
® sutomatic @ Manual Ty -1000
RN 1045575

HyperLog™ Transitional Value 1000
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Duplicate Experiment
Rename Experiment

Delete

AR
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! Export Experiment
Print Statistics
Load Worksp3 icsfis |~ _FSCFiles (*.fcs): Flow CytometryiB FBIEIES - 0 £
Export Workspace Sample List =S T I\ 7 Sl
~ FE =D TEEEFER
Save Az Template = 50199

Print (*.pdf): Compensationf2Workspace Bl & £ 47 51 = 4%
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# 2l R itFMcontrols U7 BN 73 A 45 SR
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* % Total

* % Gated

« Events/uL (FHfEEE)

* MFI (mean fluorescence intensity)

Instrument Experiment Compensation

Page 65



7 o0 Y18 B R FR T BR % DKSH

File Home View
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FAERE > e AT TIE
BRSERERIEL

Deep Clean fiiﬁ'ﬁﬁzlik*:ﬂ%@ﬂow cell

Debubble zmEAEISEE  BRERNEREflow cell /8
Unclog mEfl o *%Zliéﬂ’éjﬁﬁ EEY =i
Decontamination Here B B ETEHRE

AR A BRI - R RE[C(E
1.  System log
2. Print screen
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. . USER GUIDE invitrogen
invitrogen

Attune™ Cytometric Software Attune™ NxT Acoustic Focusing Cytometer

USER GUIDE
Catalog Numbers A24858, A24859, A24860, A24861, A24862, A24863, A24864, A28993

For data acquisition and analysis using the Attune™ NxT and oublication Number 109024235
Attune™ CytPix™ Flow Cytometers Revision C.0

Publication Number MANQ0026553

Revision B.O

https://downloads.thermofisher.com/Attune v6.0.1/MAN0026553-RevB- https://assets.thermofisher.com/TFS-
AttuneCytometricSW-UG-EN-27Apr2023.pdf Assets/LSG/manuals/100024235 AttuneNxT HW UG.pdf
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Immune cell guide

Antibodies

Human and mouse antigens

ThermoFisher
SCIENTIFIC

https://assets.thermofisher.com/TFS-Assets/LSG/brochures/immune-cell-guide.pdf Page 69
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Flow cytometry capabilities guide

Sample preparation | Fluorophore selection | Flow cytometry antibodies and assays |
Attune flow cytometers | PrimeFlow RNA Assay | Fluorophore and reagents

BT AR LT

science % EE#R:0800 212228 £1L(02)86922116 H:@(03)3975447 &F(037)625816 TEH(03)8570182 www.TAQKEY.com

http://assets.thermofisher.com/TFS-Assets/BID/brochures/flow- https://www.thermofisher.com/tw/zt/home/global/forms/flow- https://www.tagkey.com/attunenxt-flow-
cytometry-capabilities-guide-brochure.pdf cytometry-protocols-handbook.html cytometrt/
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