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 フローサイトメーターは個々の細胞の分⼦の発現を半定量的に測定できる装置である。装
置は解析専⽤のアナライザーと解析分取が可能なセルソーターの 2 機種があり、分⼦の発現
の同定には蛍光⾊素で認識された抗体がよく⽤いられる。更に標識抗体以外の蛍光物質を測
定する事も試みられている。 
 今回は実習として、機器更正⽤ビーズを⽤いて、FACS にて検出する。 
 
◎講義内容 
FACS の基本原理を紹介し、FACS を⽤いた実験⼿技については具体例を挙げながら説明しま
す。 
 

Flow cytometer is a device that can semi-quantitatively measure the expression of individual 
cell molecules. There are two types of devices, an analyzer and a cell sorter. Antibodies 
recognized by fluorescent dyes are often used to identify the expression of molecules. It has also 
been attempted to measure fluorescent substances other than labeled antibodies. 

As a practical training, we detected with FACS using beads for flow cytometer setup. 
＊FACS (fluorescence activated cell sorter) is a trademark of Becton, Dickinson and company. 

 
◎Lecture content 

I will introduce the basic principle of FACS and explain the experimental technique using 
FACS with concrete examples.  
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Introduct ion to F low Cytometry (FCM)

1. Basic of FCM

2. Applica t ion for FCM
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Flow Cytometry (FCM) is

Technique to ana lyze the character of ce lls or part icle by me asuring
the sca tter light and f luorescence exposed to a laser running in a stre am

Se arching t arget ce lls 
in heterogeneous ce ll popula t ion

Ana lyzing the character
 of t arget ce lls

Sort ing
t arget ce lls

Ce ll Sorter
Ce ll Ana lyzer
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FCM is・・・

FCM is

Sample f low1

Laser hits 
the ce ll2

Detect
Sca tter light

and 
f luorescence

3

D isplay da ta4
Ce ll Ana lyzer

Ce ll Sorter

Collect
 specif ic
 ce lls

5
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History of FCM

• In the la te 1960s
Leonard Herzenberg, PhD, professor at Stanford 
University developed Fluorescence Activated Cell 
Sorter (FACS）

• 1973
Commercialized by US Becton-Dickinson（FACS I）

• N ew products are re le ased every few 
ye ars
Improving laser and data processing system, 
making it possible to analyze more items  much 
faster

Instrument M aximum number of 
laser equipment

Number of 
f luorescent color

Processing speed
（Ce lls/sec）

Early FACS 1 2 -

Present FACS 6 50 or more 70000
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Changes in BD FACS  series
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BD FACS  series

FACSLyric LSRFortessa  X-20FACSCelestaBD Accuri  C6 Plus FACSymphony  A5 & A3

Ce ll Sorter

Ce ll Ana lyzer

More Colors
&

H igh Performance

FACSMelody

7

FACSymphony S6FACSAria family FACSDiscover S8
(Imaging Sorter)
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Central Research Laboratory : Shiga University of Medical Science

LSRFortessa X-20

Ce ll Sorter

Ce ll Ana lyzer

More Colors
&

Hi Performance

FACSAria FACSAria Fusion × ２Set

FACSCantoⅡFACSCalibur
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Character of FCM

FCM F luorescence microscope

Laser

✓ Im age (3D)

✓ Intrace llular d istribut ion

✓ Time-lapse

✓ H igh Throughput
✓ Mult ipara meter
✓ Quant it a t ive da t a
✓ Ce ll sort ing
✓ Object ivity, Reproduc ibi lity
✓ Imag ing (Im ag ing Cytometer)
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Measurable sample with FCM

• Single cells in suspension

• Cell size 0.2 - 40 

Plankton

Plant cell

Sperm

Insect cell

Coccus

Adherent cell

E.coli

Blood cells
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Detection of FCM

              Lam inar F low forma t ion / Laser / Detect ion

Forma t ion of narrow and lam inar f low, enables ce lls to run one by 
one and passes through the laser

• Detects sca tter and f luorescence
• Process few thousand ce lls/sec

She a th 
f luid

She a th 
f luid Sample

Lasers

Lam inar
F low

BD RESTRICTED
12

Data Display： Dot Plot and Histogram

Dot Plot Histogram

N
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Incre asing Intensity

Incre asing Intensity

In
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ng
 In
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ity

FITC

PE

Ce ll # F ITC PECe ll # F ITC PE
Cell 1 5000 3000

Ce ll # F ITC PE

Cell 2 14000 12000
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Character of scatter light
Side sca tter （SSC) 

90°

Forward sca tter（FSC）
1°-10°

Laser

●Forward Sca tter (FSC)
   Indica tes the size of ce lls, surface are a

●Side Sca tter (SSC)

   Indica tes the complexity of interna l structure , ce llular granule

Forward sca tter（FSC）
1°-10°

Side sca tter （SSC) 
90°

Laser
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Scatter light signal
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Scatter light analysis of blood cells

monocytes

granulocytes

lymphocytes
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Character of fluorescence

Fluorescent Intensity

F ITC

PE

PerCP

FITC

×3

FITC

FITC

FITC
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Fluorescent staining with monoclonal antibody

CD #  = cluster of differentiation 
MAb   = monoclonal antibody

CD3CD4

MAb CD3 PE
MAb CD4 FITC
MAb CD8 APC

MAb CD4

CD3CD4

MAb CD3

MAb CD8
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Fluorescent signal

FITC

PE
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Fluorescent signal analysis
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20F i lt ers and mirror to dist inguish e ach f luorochromes

Mechanism of fluorescence detector

SP 500LP 500 BP500/50

460    500    540460    500    540 460    500    540 [nm]

Long pass (LP)   Short pass (SP)             Band pass (BP)
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Fluorescence detector of FCM

PE-Cy7

PerCP-Cy5.5

PE-TR

PE

FITC

SSC

750-810nm

600-620nm515-545nm

563-588nm

483-493nm

675-715nm
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Requires compensation in multi-color analysis

Wave length

FITC
530/30

PE
585/40

F luorescent wave length (nm)

Fl
uo

re
sc

en
ce

 I
nt

en
si

ty

Spi llover of 
F ITC to PE 
detector

F ITC

Compensated

Detect ing wave length
of e ach detector

FITC

PE

FITC

PE

Uncompensated
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Introduc t ion to F low Cytome try (FCM)

1 . Basic of FCM

2 . Appl ic at ion for FCM

Introduct ion to F low Cytometry (FCM)

1. Basic of FCM

2. Applica t ion for FCM
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Applications for FCM

① Ce ll surface ant igen

② Intrace llular ant igen

③ F luorescent prote in

④ Ce ll cyc le

⑤ Ce ll prolifera t ion

⑥ Apoptosis

⑦ Cytok ine
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① Analysis of cell surface antigen

Cluster of D if ferent ia t ion （CD classify）

Interna t iona l classif ica t ion of monoclona l ant ibodies used for 
ce ll surface ant igen

Ma jor ce ll surface ant igen

✓ Cellular membrane composing protein
✓ receptors
✓ Adhesion molecules
✓ Transporters
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Exa mple of lymphocyt e subsets

Analysis of cell surface antigen

Ga t ing target ce lls De ad ce lls remova l CD3 posit ive T ce ll CD4、CD8 posit ive T ce ll

CD49b posit ive PanNK ce ll

Sp leen ce ll
Live ce ll

Quant if ica t ion of ra t io in sa mple

C57BL/6J Jcl  6weeks 
spleen

CD3e-Pacific Blue
CD4-APC
CD8a-APC-Cy7
CD49b/Pan-NK-PE 7AAD
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BD Lyoplate  Screening Panels

• Mult iple (242 human CD markers or 176 mouse CD markers)  ant ibodies are dispensed in 96 we ll pla te

• Prof i ling ce ll surface marker in low cost*

• Ant ibody is labe led with Alexa F luor 647, able to use with GFP expressing ce lls

Product Contents Size

BD Lyoplate  Human 
Cell Surface Marker Screening Panel
Cat. No. 560747

242 CD markers
Isotype controls
Alexa Fluor 647 second step 

5 tests

BD Lyoplate  Mouse
Cell Surface Marker Screening Panel
Cat. No. 562208

176 CD markers
Isotype controls
Biotin second step
Alexa Fluor 647 streptavidin third step

5 tests

*for FACS analysis, 96well plate 
auto sampler is required
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BD Lyoplate  Screening Panels

hESCs
NSC 
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② Analysis of intracellular antigen

fixed
permeabilized

• Intrace llular ant igens
• Cytokine
• Transcription factor
• cytoskeleton

Cells fixed and permeabilized makes antibody 
and reagents possible to access  intracellular

• Fixa t ion re agent  
• Ethanol
• Methanol
• Paraformaldehyde

• Perme abiliza t ion re agent
• Saponin
• Triton-X 

• Nucle ic acid st a ining re agent
• PI
• 7AAD
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Cytokine producing cells analysis

• St a ining with ce ll surface ant igen, enables phenotype ana lysis of cytok ine producing ce lls

• Possible to detect cytok ine product ion even from rare ce lls
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Protein phosphorylation analysis in single cell
• Prote in phosphoryla t ion in sing le ce ll leve l

• Combining the st a ining of ce ll membrane m arkers, a llows prote in phosphoryla t ion ana lysis of spec if ic ce lls in heterogeneous 
ce ll popula t ion

• Easy, short t ime and less ce ll sa mple compared to Western Blot ana lysis

SI NGLE-CELL RESOLUTI ON MULTIPARAMETRIC DATA ANALYSISMULTIPARAMETRIC DATA ANALYSISMULTIPARAMETRIC DATA ANALYSISMULTIPARAMETRIC DATA ANALYSISMULTIPARAMETRIC DATA ANALYSIS
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Protein phosphorylation analysis in single cell

Signal transduction assay of Stat5 and Stat6. 
Human leucocytes subpopulation was stimulated with IL-4
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③ Expression of fluorescent protein

• Purpose
• Transgene expression
• Transplanted ce lls surviva l
• Interact ion between transgene

• F luorescent prote ins
• GFP series f luorescent prote in

• GFP, YFP, CFP, RFP, BFP etc.
• Fruits series f luorescent prote in

• mCherry, mPlum, mStrawberry, mBanana etc.
• Cora lHue series f luorescent prote in

• Midoriishi-Cyan, Kusabira-Orange, 
Azami-Green, Keima-Red, Kaede, Doronpa-
Green etc.
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GFP / mCherry Expressing cell analysis

GFP

m
Ch

er
ry

To measure mCherry, FCM equipped with YG Laser is desirable
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GFP / YFP / CFP Expressing cell analysis 

CFP

G
FP

CFP

GFP

YF
P

GFP

YFP

YF
P

CFP
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④ Cell cycle analysis

Ce ll cycle M arker/re agent mechanism

All PI、7-AAD interacts with double stranded  nucle ic acid

S phase BrdU/ant i-Brd U Ab BrdU replaces  Thym id ine(T) on DNA 
synthesis, BrdU is de tected with Ab

G0/G1 phase Ant i-Cyclin Ab, ant i-Rb Ab m arkers 
for ce ll cycle Amount changes in the phases

M phase Ant i-Phospho-H istonH3 ant ibody changes in phosphoryla t ion
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④ Cell cycle analysis :       PI analysis

• PI st a ining ce ll cycle ana lysis 
Cyc leTEST  PLUS DNA Re agent Kit (Ca t#340242) 

150ng/ml Colcemid 150nM Nocodazol 150ng/ml Aphidicolin

Hela cells cultured 48hr in DMEM with 0.5% FBS were treated with reagents. 
After 16hr culture, cell cycle analysis was performed

No treatment

G0/G1 S G2/M

Hela cell
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④ Cell cycle analysis :       BrdU / 7AAD analysis

BD Pharm ingen  FITC BrdU F low Kit (Ca t#559619) 

BrdU upt ake ana lysis

Br
dU

7AAD Jurkat cells stained with BrdU Flow kit and 7AAD

• BrdU is uptaked in 
DNA in S phase 
cells 

• BrdU incorporated 
cells are detected 
by anti-BrdU Ab

• Total amount of 
DNA per nuclei is 
detected by 7AAD

Shown on histogra m
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Number of 
d ivision

NA 0 1 2 N

F luorescence 
intensity

NA 100% 50% 25% [100/2N]%

Ce lls

⑤ Cell proliferation assay
BD Biosciences offers BD Horizon Violet Prolifera tion Dye 450 (VPD450) and BD Horizon CFSE for the detection 
of cell proliferation. Once the dye is inside the cell, esterases cleave off the ester group to convert the dye into a 
fluorescent product and trap it inside the cell. With each replica tion event the amount of dye in the cell is 
decreased, leading to a characteristic pattern.

Unlabeled
cell

division
・・・

Label

Labed
cell
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⑤ Cell proliferation assay:       VPD450 assay

BD Horizon  Violet Proliferation Dye 
450 (VPD450) uses violet laser. FITC-
labeled Ab (excited by blue laser) can be 
used together.

Prolif era t ed ce lls
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⑥ Apoptosis analysis

Ap
op

to
sis

 s
ta

ge
s
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Apoptosis analysis: Annexin V assay  for Surface Phosphatidylserine detection

Phospha tidylserine (PS), which is norma lly loca ted on the cytoplasmic face of the plasma membrane, transloca tes to 
the outer leaflet of the plasma membrane during apoptosis and can be detected by flow cytometry and cell imaging 
through binding to fluorochrome-labeled annexin V when ca lcium is present.
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Apoptosis 
induced

33.9%

DA
PI

AnnexinV AnnexinV

H istogra m d isplay

Control

Apoptosis ana lysis

13.9%
DA

PI

AnnexinV AnnexinV

Annexin V

N
uc

le
ic

 A
ci

d 
D

ye

Process of apoptosis

Live 
ce lls

Apoptot ic 
ce lls

De ad 
ce lls

Apoptosis analysis:   Annexin V assay
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Apoptosis analysis:   Active Cleaved Caspases and 
     Cleaved poly-ADP ribose polymerase (PARP) detection

Isotype Control

F ITC labe led Ant i-
Cle aved Caspase-3 Ab

Camptothecin treated Jurkat cell
Caspases are activa ted 
upon during the earliest 
stages of apoptosis. 
Active caspases can then 
cleave many proteins, 
including PARP. This leads 
to the loss of cellular 
structure and function, 
and ultimately results in 
cell dea th.
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Apoptosis analysis: Apo-Direct to detect DNA damage

One of the la ter steps in apoptosis is DNA fragmentation. 
A method which is often used to detect fragmented 
DNA utilizes a reaction ca ta lyzed by exogenous TdT, 
often referred to as "end-labeling" or "TU NEL" (termina l 
deoxynucleotidyltransferase dUTP nick end labeling). 

The APO-DIRECT assay is a single-step method for 
labeling DNA breaks with FITC or APC-dUTP.

Control Apoptosis induced
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⑦ Cytokine measurement

method object me asurement instrument

ELISA (OptEIA) Cytok ine concentra t ion in solut ion Ant ibody and enzyme re act ion in 96 
we ll pla te to color Pla te re ader

Intrace llular 
Cytok ine

Ce lls producing cytok ine St a in cytok ine with Ab within ce lls FCM

ELISPOT Ce lls secret ing cytok ine Ant ibody and enzyme re act ion in 96 
we ll pla te to color M icroscope 

Cytometric Be ads 
Array (CBA)

Cytok ine concentra t ion in solut ion Use specia l be ads to me asure 
cytok ine FCM
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BD  CBA is a  re agent to me asure mult iple cytok ines in a  single tube using FCM.

Cytometric Beads Array (BD  CBA)

CBA ELISA

Capture Ab

Y

Detection Ab:
biotin-Label

Y

Ｙ

Detection Ab:PE-Label

cytokine

cytokine

color

substrate
SA-HRP

Capture Ab

Beads

96 well plate
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Cytometric Beads Array (BD  CBA)

BD  CBA ELISA

Mult iplexing Capab i lity Up to 30 prote ins /sample one prote in /sample

Simple procedure and Time Ef f iciency Wash once Wash more than 10 t imes

Sample amount 50 uL or less About 100 uL

Forma t From single tube 96 we ll pla te

Required Instrument F low cytometer Pla te re ader
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Cytometric Beads Array (BD  CBA)

Capture beads for each different target protein are distinguished by unique fluorescence intensity of beads. The PE 
intensity of each capture bead population reflects the target protein concentra tion. Standard curves are plotted 
using titra ted standard protein samples.
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Searching BD products

・Access our web site→ 
https://www.bdbiosciences.com/ja-jp
https://www.bdbiosciences.com/en-us

✓ Click catalog number for details

✓ Available to download datasheet

✓ Prices are shown, useful for ordering

Jumps to list of related products

Guide for multicolor analysis, posters, protocol, etc., are available to download

Enter Keyword Here!
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Contact details

For quest ion about instruments and re agents
 Please contact application support
 for any questions about our instruments and reagents

 E-mail : tech_cell@bd.com

For machinery problems and ma intenance
 Instrument support

 https://bdbqrcodeservice.powerappsportals.com/

F low cytometry opera tor tra ining 
 Training takes place at our lab in Tokyo or at your lab.
 Please contact for details.

 E-mail : customer_training@bd.com
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販売名：BD FACSCanto II フローサイトメーター 製造販売届出番号：07B1X00003000102
本製品は2023年5月をもって製造販売を終了しました

販売名:  BD FACSLyric フローサイトメーター 製造販売届出番号:13B1X10407000161

製造販売元：日本ベクトン・ディッキンソン株式会社

医療機器及び体外診断薬以外は、研究用です。治療・診断には利用できません。

BD and the BD Logo are trademarks of Becton, Dickinson and Company. All other trademarks are the
property of their respective owners. ® 2024 BD. All rights reserved.


