
流式細胞儀工作原理

劉 益 年
產品經理

美商必帝股份有限公司

e –mail: kenny_liu@bd.com



FACSCalibur



大綱

• 實驗設計原理

• 流式細胞儀運作原理



Introduction of the experiment design Introduction of the experiment design 
for Flow Cytometryfor Flow Cytometry

•• 藉由螢光抗體標識細胞之抗原特性藉由螢光抗體標識細胞之抗原特性

–– Lymphocyte Lymphocyte immunophenotypingimmunophenotyping
–– Stem cell enumeration Stem cell enumeration 
–– Cell signaling Cell signaling immunophenotypingimmunophenotyping

•• 藉由螢光化合物標識細胞特性藉由螢光化合物標識細胞特性

•• 藉由螢光蛋白標識細胞特性藉由螢光蛋白標識細胞特性

•• Cytometry Beads ArrayCytometry Beads Array



單一細胞特性之偵測單一細胞特性之偵測



單一細胞特性之偵測單一細胞特性之偵測
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Lysed Whole Blood Components
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Example





Theory of Cancer Stem Cell

Schematic adapted from Tannishtha Reya, etc. NATURE ; VOL 414 ; 1 NOVEMBER 2001





訊息傳導訊息傳導



BDBD™™ PhosFlowPhosFlow for Whole Blood or PBMC Samplesfor Whole Blood or PBMC Samples

http://bdphosflow.com



Mapping normal and cancer cell signalling networks: 
towards single-cell proteomics. 
Nat Rev Cancer. 2006 Feb;6(2):146-55 



Development Of Visualization Tools

Nolan et al.



Irish JM, Hovland R, Krutzik PO, Perez OD, Bruserud O, Gjertsen BT, Nolan GP.
Single cell profiling of potentiated phospho-protein networks in cancer cells. Cell. 
2004 Jul 23;118(2):217-28.

Clustering of Biosignature, Clinical 
Significance

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=15260991


實驗設計原理實驗設計原理

•• 藉由螢光抗體標識細胞之抗原特性藉由螢光抗體標識細胞之抗原特性

•• 藉由螢光化合物標識細胞特性藉由螢光化合物標識細胞特性

–– DNA content determinantDNA content determinant
–– Cell proliferation determinantCell proliferation determinant
–– Apoptosis detection  Apoptosis detection  

•• 藉由螢光蛋白標識細胞特性藉由螢光蛋白標識細胞特性

•• Cytometry Beads ArrayCytometry Beads Array



DNADNA 特異性染劑特異性染劑
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細胞周期位相的決定細胞周期位相的決定細胞周期位相的決定



Sub G1Sub G1



細胞增殖反應細胞增殖反應



細胞增殖反應細胞增殖反應



C a++ C a++
C a++

C a++

Externalization of
phosphatidylserine

Plasma
membrane

Apoptosis

Cytoplasm Cytoplasm

Annexin V-FITC
conjugate

AnnexinAnnexin V AssayV Assay



Flow Flow CytometricCytometric Analysis of ApoptosisAnalysis of Apoptosis
in in JurkatJurkat T CellsT Cells
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Annexin V–PE

0                   0.5                    1                    2                   4

Incubation with Camptothecin (hr)

3% 9% 39% 47% 55%



FasFas--induced Apoptosis in induced Apoptosis in JurkatJurkat CellsCells

PI

Annexin V-FITC



實驗設計原理實驗設計原理

•• 藉由螢光抗體標識細胞之抗原特性藉由螢光抗體標識細胞之抗原特性

•• 藉由螢光化合物標識細胞特性藉由螢光化合物標識細胞特性

•• 藉由螢光蛋白標識細胞特性藉由螢光蛋白標識細胞特性

–– Reporter geneReporter gene
–– Screening platformScreening platform

•• Cytometry Beads ArrayCytometry Beads Array



GFP as a ReporterGFP as a Reporter



GFP as a ReporterGFP as a Reporter

•• The Usage of GFPThe Usage of GFP



Gervaix, A. et. al. 1997. A new 
reporter cell line to monitor HIV 
infection and drug susceptibility in 
vitro. PNAS vol. 94.

GFP as a ReporterGFP as a Reporter



GFP as a ReporterGFP as a Reporter



實驗設計原理實驗設計原理

•• 藉由螢光抗體標識細胞之抗原特性藉由螢光抗體標識細胞之抗原特性

•• 藉由螢光化合物標識細胞特性藉由螢光化合物標識細胞特性

•• 藉由螢光染劑標識細胞特性藉由螢光染劑標識細胞特性

•• Cytometry Beads ArrayCytometry Beads Array
–– Cytokine detectionCytokine detection
–– Active Active kinasekinase profileprofile
–– Fusion protein detectionFusion protein detection



Cytometric Beads Array (CBA)

Single Step
Incubation

Two-Step
Incubation

or



Beads Provide a Flexible PlatformBeads Provide a Flexible Platform

Multiple 
sizes

Beads provide an expandable assay 
platform for use with a flow cytometer

Different 
intensities*

Different colors 
with different 

intensities



Proteins Measured
A. Interleukin (IL)-2
B. IL-4
C. IL-6
D. Tumor Necrosis Factor
E. Interferon-γ
F. IL-17a
G. IL-10 



Zap 70 Detection.



Kinetic analysis of T cell activation by anti-CD3/CD28



Philadelphia chromosome

• The presence of this translocation is a 
highly sensitive test for CML, since 95% 
of people with CML have this 
abnormality 

http://en.wikipedia.org/wiki/Sensitivity_%28tests%29


Philadelphia chromosome



緩衝液
液流區

緩衝液
液流區

樣品流動區

偵測區

激發光源

-螢光
-散射光

流式細胞儀的工作原理
-Hydro-dynamic Focusing



流式細胞儀能測量 :

• 散射光

– 細胞大小 (前方散射光)
– 細胞折射率 (側方散射光)

• 各色螢光



• 液流系統:將細胞依序送到測量區受檢。

• 光學系統:產生並收集螢光、光散射等信號。

• 電子系統:

– 將光學訊號轉換成電子訊號。

– 分析所輸出的電流訊號，以脈衝高度、寬度、積分
面積顯示。

– 量化訊號並傳至電腦。

綜合三個系統的功能:



綜合三個系統的功能-液流系統



FACS Calibur 的液流系統



FACS Calibur 儀表板
LO = 12uL/min
MED = 35uL/min
HI = 60uL/min

PRIME = Drain & Fill

STANDBY

RUN



red laser
blue laser

Low Sample Pressure High Sample Pressure

sheath sheath
sample

sheath sheath
sample



綜合三個系統的功能-光學系統



LONG (700nm)

550 Long Pass 
(650LP)

650 Short Pass 
(600SP)SHORT (500nm)

Pass Through 
Filters

600/100 Band Pass 
(600/100)

Transmitted <650 nm >550 nm 550 - 650 nm 
(600?0)

Wavelengths 

Blocked >650 nm <550 nm <550 nm & >650 nm

Short Pass Long Pass Band Pass

LONG (700nm)

550 Long Pass 
(650LP)

650 Short Pass 
(600SP)SHORT (500nm)

Dichroic 
Filters

Transmitted <650 nm >550 nm
Diflected 90 >650 nm <550 nm

螢光濾片



FACS Calibur 的光學系統

488 nm



綜合三個系統的功能-電子系統



• 將光學訊號轉換成正比例的電子訊號。

• 分析所輸出的電子訊號，以脈衝高度、
寬度、積分面積顯示。

• 將量化訊號傳至電腦。

電子系統



電子系統



電位脈衝之定量



訊號之產生與處理

Amp Gain 1.0-9.99



The Use of Linear Amplificaton
Assume we convert linear analog signals using a 10 bit ADC-
-we have 1024 channels of range corresponding to 0-10 V.
Channel difference is 10V/1024= 0.01V



Ideal Lin To Log Conversion



實驗數據的呈現



15 to 20 μm
Monocyte

10 to 14 μm
Neutrophil

8 to 10 μm
Lymphocyte

散點圖反映細胞形態

常見的數據呈現



直方圖分析報告

CV=S.D./Mean



細胞螢光強度

• Mean
– Mean
– Geo Mean

• Median (50th)
• Mode

直方圖分析報告例二



散點圖分析報告



對照組

• 空白對照組: blank, no antibody used.
• 陰性對照組: isotypic antibody control.
• 間接法對照組: isotype + 2nd antibody. 
• 陽性對照組: use experimental antibody + 

cell line with known positive reaction. 



對照組的重要性

• 空白對照組: autofluorescence, instr setup.
• 陰性對照組: the extent of non-specific 

staining
• 間接法對照組: for indirect staining
• 陽性對照組: antibody functionality 

blank isotype



陽性界限設定原則



陽性界限設定原則



公共儀器的維護

人人有責



流式細胞儀應用之細胞凋亡研究流式細胞儀應用之細胞凋亡研究



Apoptotic PhenotypesApoptotic Phenotypes

Morphological disintegration

• Plasma membrane loses asymmetry (1-2 h)

• DNA fragmentation (6-8 h by TUNEL, 12-24 h by 
Hypoploidy Analysis)

• Cell shrinkage (12-24 h)

• Chromatin condensation (18-36 h by gel 
analysis)

• Cells are phagocytosed before loss of 
membrane integrity -No inflammatory 

response



Apoptotic PhenotypesApoptotic Phenotypes

Biochemical Phenotypic Changes

• Calcium influx, pH changes (0.5 - 1 h)

• Energy pump shuts off (0.5 - 1 h)

• Mitochondria depolarization (1-3 h) 

• Caspase-3 activation (2-3 h)



Flow Cytometry AssaysFlow Cytometry Assays

Live (unfixed cells)

• Annexin V-PI 分析法

• MitoScreen (JC-1)
Fixed cells

• Active Caspase-3
• APO-BRDU™ (DNA 鏈斷分析法)

• Hypoploidy Analysis (Sub-G1分析法)
Cell Lysate

• CBA Apoptosis



AnnexinAnnexin V AssayV Assay

C a++ C a++
C a++

C a++

Externalization of
phosphatidylserine

Plasma
membrane

Apoptosis

Cytoplasm Cytoplasm

Annexin V-FITC
conjugate



AnnexinAnnexin V is a Quick AssayV is a Quick Assay

Apoptotic and Control CellsApoptotic and Control Cells

Wash with PBSWash with PBS

Two colorTwo colorOne colorOne color

PropidiumPropidium iodide and iodide and 
Labeled Labeled AnnexinAnnexin VV

Analyze by Flow CytometryAnalyze by Flow Cytometry

Incubate 15 minIncubate 15 min

Labeled Labeled AnnexinAnnexin VV



AnnexinAnnexin VV--PI AnalysisPI Analysis
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ANALYSIS OF VIABLE APOPTOTIC CELLSANALYSIS OF VIABLE APOPTOTIC CELLS



AnnexinAnnexin V Assay:  A Time CourseV Assay:  A Time Course

PI

Annexin V-FITC



Flow Cytometry AssaysFlow Cytometry Assays

Live (unfixed cells)

• Annexin V-PI 分析法

• MitoScreen (JC-1)
Fixed cells

• Active Caspase-3
• APO-BRDU™ (DNA 鏈斷分析法)

• Hypoploidy Analysis (Sub-G1分析法)
Cell Lysate

• CBA Apoptosis



Mitoscreen (JC-1): Monitor 
Mitochondrial Membrane Potential  (Δψ)

• Energy  stored as a negative electrochemical gradient
Δψ polarized

• Apoptosis is often associated with a decrease in Δψ
Δψ depolarized

JC-1: • 1st J-aggregate-forming Cationic dye found 
to be Δψ sensitive

• Fluorescence color dependent on Δψ
Analysis by flow cytometry:

• Δψ polarized (J-aggregates): FITC-PE channel
• Δψ depolarized (monomers): FITC channel



Model System: Mouse ApoptosisModel System: Mouse Apoptosis

CD4CD4--PerCP + CD8PerCP + CD8--APCAPC

Mouse Mouse ThymocytesThymocytes

Control (3 hr)Control (3 hr)

JCJC--11

FasFas mAbmAb + Protein G (3 hr) + Protein G (3 hr) 

Flow CytometryFlow Cytometry
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Flow Cytometry AssaysFlow Cytometry Assays

Live (unfixed cells)

• Annexin V-PI 分析法

• MitoScreen (JC-1)
Fixed cells

• Active Caspase-3
• APO-BRDU™ (DNA 鏈斷分析法)

• Hypoploidy Analysis (Sub-G1分析法)
Cell Lysate

• CBA Apoptosis



FADD
Pro-caspase–8

Active caspase–8

Receptor Mitochondrial

? DNA 
damage

Active 
Bid +

Pro-caspase–9 + Apaf-1 + Cyt c

Active caspase–9

Active caspase–3 (6, 7)

Massive substrate cleavage

Z–VAD

Staurosporine Camptothecin

Z–VAD

Mitochondria

Apoptosis Signaling

Fas

Pro-caspase–3 (6, 7)
Z–VAD

DEATH

FasL



Apoptosis Validation 

Cytofix / Cytoperm™

Jurkat T Cells

Incubation in camptothecin
0, 0.5, 1, 2 or 4 hr 

Annexin V–PE            Flow Cytomerty

AnnexinAnnexin V and CaspaseV and Caspase--3 Staining Protocol3 Staining Protocol

Active Caspase-3–FITC           Flow Cytometry



Flow Flow CytometricCytometric Analysis of ApoptosisAnalysis of Apoptosis
in in JurkatJurkat T CellsT Cells
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Active Caspase-3–FITC

Annexin V–PE

0                   0.5                    1                    2                   4
Incubation with Camptothecin (hr)

3% 9% 39% 47% 55%

2% 10% 38% 48% 54%



Flow Cytometry AssaysFlow Cytometry Assays

Live (unfixed cells)

• Annexin V-PI 分析法

• MitoScreen (JC-1)
Fixed cells

• Active Caspase-3
• APO-BRDU™ (DNA 鏈斷分析法)

• Hypoploidy Analysis (Sub-G1分析法)
Cell Lysate

• CBA Apoptosis



APOAPO--BRDUBRDU™™ Exploits the Large Number Exploits the Large Number 
of DNA Fragments in Apoptotic Cellsof DNA Fragments in Apoptotic Cells

•• DNA 3DNA 3’’--hydroxyl terminal are hydroxyl terminal are labelledlabelled with with bromolatedbromolated
deoxyuridinedeoxyuridine triphosphatetriphosphate nucleotides (Brnucleotides (Br--dUTPdUTP))

--Reaction catalyzed by terminal Reaction catalyzed by terminal deoxynucleodidyldeoxynucleodidyl
transferasetransferase ((TdTTdT))

•• NonNon--apoptotic cells lack exposed 3apoptotic cells lack exposed 3’’--hydroxyl ends hydroxyl ends 
and therefore incorporate little Brand therefore incorporate little Br--dUTPdUTP

•• BrBr--dUTPdUTP sites are detected with a sites are detected with a BrdUBrdU--FITC FITC mAbmAb



APOAPO--BRDUBRDU™™ AssayAssay

TdT + 
Br-dUTP

DNA Strand Breaks
Add Br-dUTP to 3´ - OH

DNA Ends
Antibody Labeled

Break Sites

FITC Labeled
Anti-BrdU mAb
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A...T
C...G

A...T

G...C

C...G

A...T

G...C

G...C

A...T
C...G

A...T

G...C

C...G

A...T

G...C

G...C

A...T
C...G

A...T

G...C

C...G

A...T

G...C

G G G



Green Fluorescence

APOAPO--BRDUBRDU™™ AssayAssay
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Forward  Scatter

R2: Apoptotic Cells
R1: Normal Cells

APOAPO--BRDUBRDU™™ AssayAssay



FasFas--induced Apoptosis in induced Apoptosis in JurkatJurkat CellsCells

PI

Annexin V-FITC

BrdU-FITC

PI



Flow Cytometry AssaysFlow Cytometry Assays

Live (unfixed cells)

• Annexin V-PI 分析法

• MitoScreen (JC-1)
Fixed cells

• Active Caspase-3
• APO-BRDU™ (DNA 鏈斷分析法)

• Hypoploidy Analysis (Sub-G1分析法)
Cell Lysate

• CBA Apoptosis



染色原則同細胞周期分析染色原則同細胞周期分析

Overnight incubation to extract Overnight incubation to extract 
small DNA fragments, then PI stain.small DNA fragments, then PI stain.

PrePre--treat with Triton X. treat with Triton X. 
Use of phosphate buffers with high Use of phosphate buffers with high 
osmolarityosmolarity..

SubSub--G1G1分析法分析法



細胞周期與細胞周期與 DNA DNA 含量含量



DNA DNA 直方圖直方圖--理論與實際理論與實際
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典型的典型的 DNA DNA 直方圖直方圖
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檢體前處理的注意事項檢體前處理的注意事項
Healthy, viable cells before ethanol Healthy, viable cells before ethanol 
fixation.fixation.
For adherent cells, avoid overFor adherent cells, avoid over--
trypsinizationtrypsinization. Use serum containing . Use serum containing 
medium to stop medium to stop trypsinizationtrypsinization..
Add ethanol while Add ethanol while vortexingvortexing..
Avoid the reuse of Avoid the reuse of RNaseRNase..

SubSub--G1G1分析法分析法



PI Fluorescence Intensity

# 
of

 E
ve

nt
s

Apoptotic cells

SubSub--G1G1分析法分析法



SubSub--G1G1分析法分析法



Flow Cytometry AssaysFlow Cytometry Assays

Live (unfixed cells)

• Annexin V-PI 分析法

• MitoScreen (JC-1)
Fixed cells

• Active Caspase-3
• APO-BRDU™ (DNA 鏈斷分析法)

• Hypoploidy Analysis (Sub-G1分析法)
Cell Lysate

• CBA Apoptosis



Overview of the CBA Assay ConfigurationOverview of the CBA Assay Configuration

+

+

Capture 
Antibody

Capture Bead

+

Antigen of 
Interest

Fluorescent 
Detector Antibody



ntages of Beadntages of Bead--Based ImmunoassaysBased Immunoassays

Analyze multiple Analyze multiple analytesanalytes simultaneouslysimultaneously
Reduced sample volume requirementsReduced sample volume requirements
Reduced handsReduced hands--on time by parallel analysis of on time by parallel analysis of 
samplessamples
Wide dynamic range of fluorescence Wide dynamic range of fluorescence 
detection (requires fewer sample dilutions)detection (requires fewer sample dilutions)



Beads Provide a Flexible PlatformBeads Provide a Flexible Platform

Multiple 
sizes

Beads provide an expandable assay 
platform for use with a flow cytometer

Different 
intensities*

Different colors 
with different 

intensities



3 Bead Apoptosis CBA Assay 3 Bead Apoptosis CBA Assay 
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Active Caspase-3 Bcl-2 Cleaved PARP
U
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M
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F-
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Cytometric Bead Array Analysis of Cell Lysates
M

FI

Protein (units)
Control
Camptothecin



Apoptotic Sample

Cells Cell Extracts Tissue 
Sections

Flow
Microscopy

Flow

ELISA

Western Blot / 
Immunoprecipitation

Spectrofluorometry

Gene Expression

IHC

Apoptosis Decision Tree



Advantage of using flow Advantage of using flow 
cytometercytometer as research toolsas research tools

Identify unique cells from heterogeneous Identify unique cells from heterogeneous 
population by fluorescence labeled probepopulation by fluorescence labeled probe
MultiMulti--parameter detection in one assay_ 3 to parameter detection in one assay_ 3 to 
18 colors18 colors
Statistically meaningful result within limit time Statistically meaningful result within limit time 
period_ 10,000 to 70,000 cells per secondperiod_ 10,000 to 70,000 cells per second
Multiple proteins detection in a single assay Multiple proteins detection in a single assay 
by Cytometry Beads Assay by Cytometry Beads Assay 



Thank you for your attention !!Thank you for your attention !!
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