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Introduction of the experiment design
for Flow Cytometry

o A e e A

— Lymphecyienmmunophencyping
— Stemicellfenumeration
— Cell signaling Immunephenetyping
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A, BD
Lysed Whole Blood Components

Peripheral White Blood Cells

/ CD45+
Monocytes l \‘ Granulocytes
Monocytes Lymphocytes Neutrophils
CD3t _( )‘ CD3 Basophils
o Cose:
‘ CD19*
CD3* HLA-DR* Eosinophils
cpar b3

CD8*




Example

Danar 1-6-color camba

Danar 1-6-calor camba

<g3 <g
&3 O
oo m o Tcells
o 39 Ln =
_IIIII ||||||||||||||||||| "T||||I'I'I'| TT ||||||.|.|||||I| T
50 100 150 200 50 wt o ot ot
FEC-A (& 1.000) CD3 APC-A
Danor 1-6-color combo Danor 1-6-colar cormbio
< 3 MKeslls < 3 Ll 2E
Evc!—: l\:;---"..c'-_:
@ 3 o3
L = L 4
+c~o T [
i =F s - T3
- T TTTIT TTTT TTTIT o
“-" zﬁsl n T;a TE& F T O ! ot ®
’ CD3 APC-A CO3APC-A
Donaor 1-6-colar camba Donaor 1-6-colar camba
129 . Toytotoxcs = B cells
X . gl“*s
D(ﬁ_:mg ;me
o ol
==} ]
O O
O
oA &
s O n' ot of O T R [
O3 APC-A HLA-DR FITC-A
Tuhe: G-calar cambo
Fopulation #Events %Parent %Total
.AII Events 10,000 100.0
Lymphs 2136 214 214
Tecells 1,274 a9.7 128
':=THelperS 716 56.2 7.2
T Cytotoxics a50 431 a5
B cells 254 11.49 25

Mk cells

288 13.5 24
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Stem Cell Background

Understanding
prevention &
treatment of
birth defects

Identify drug
targets and

test potential (
therapeutics

Study cell
differentiation

>
SET ey
Cultured Pluripotent
Stem Cells

Tissues/Cells for Transplantation

>

S T

-y
---
Se=a

Toxicity
Testing

5

Bone marrow
for leukemia

Nerve cells

for Parkinsons

& chemotherapy & Alzhiemer’s

disease

Heart muscle
cells for
heart disease

Schematic adapted from http://stemcells.nih.gov/index.asp

For Research Use Only. Not for use in diagnostic or therapeutic procedures.

Pancreatic
islet cells
for diabetes

& BD



Theory of Cancer Stem Cell

a Of\@ b ‘iﬂ@
0202 2 3 JO @
02 2 Qp )2 @& 090G .’i‘@

02020202 2 @ O O @2 2 B

Tumour cells are Tumour cells are heterogeneous
heterogeneous, but most and only the cancer stem cell

cells can proliferate subset (CSC; yellow) has the ability
extensively and form to proliferate extensively and

new tumours form new tumours

&,
Schematic adapted from Tannishtha Reya, etc. NATURE ; VOL 414 ; 1 NOVEMBER 2001 7 BD



Sorted H9 hESCs Express Pluripotency

Markers

H9 P42 P6 post-sort

L 2]
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50 100 150 200 50
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35 FSC-A 1

For Research Lse Only. Mot for use in dlagnosic or Merapeutic procedures
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SSEA-4 Alexa Fluor® 647

o ; 3.6%
EE?
B
E?

_J1.0% 0.1%
"_—'I'ITI'l'I'l'I'I'I'I'I'I'I"_I_I_I'I_I'ITI'l T TTTIT T TTTTIT T
g D 10t 1n” ::]3" “3|'s

SSEA-1 PE




Receptor tyrosine kinases -
e.g. EGFR, Her2 _
- ﬂverexpresseg or mutated in many cancers

#a& . Ras mutated

— :
= Inmany cancers

“
Pl3-kinase
¥
PKB/AKt

F 3

KK | mTOR

[

Cell Survival  profein Cell Cycle
Pathways  Translation  Activation

Helping all people
live healthy lives



BD™ PhosFlow for Whole Blood or PBMC Samples

CD37/CD4" ~ CD3%/CD4 ~ CD3%/CDat

I

Alexa Fluor® 488 ERK1/2 (pT202/pY204)

CcD37/CD4” - CD3*t/CD4A" - cD3t/CDAaT

é‘» Helping all pgople
http//bdphOSﬂowcom @ BD live healthy lives
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! — I
a Patient A Patient B Patient C Patient Z
(@]
Unstimulated &

/ ; .’A-"i 1 1 " 1 E E
0 ./l hale =5
- i c=qe =

G-CSF >
stimulated ] 3 2

[

8

o

pPES,

¥l

¢
" Phosphorylated STAT3
| | |

V" # /

p-STAT3 @TATE. p-STAT3) (p-STATS) (p-STAT3

Mixed clinical outcomes Poor clinical outcomes  Better clinical outcomes

R : f-_-"
]
@

L

Started high Responsive to
(high basal) stimulation
(potentiated)

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




Development Of Visualization Tools

U937 Cell Line
U937 Cell Line

| Basal Unstimulated

Unstimulated FIt3-L
GM-CSF

FIt3-L _ G-GSF
Rpeo- ' Cytokine Response ;F"ﬂ-_a
G-CSF T
IL-3
IFN-y

Phosphorylation

R

Phosphoprotein Targets Phosphorylation of Stat1
following stimulation

A,
Nolan et al. v BD



Clustering of Biosignhature, Clinical
Significance

|
/
}
|

2Fold NoChange +2 Fold
Phosphorylation Scale

Clustered
AML Biosignature

AML-PO5
AML-PO7
AML-POB
AML-PO1
AML-P10
AML-P23
AML-P26
AML-P27
AML-P24
AML-P17
AML-P30
D01-D06
AML-PO3
AML-P16
AML-PO8&
AML-PO2
AML-P12
HL-60
AML-P19
AML-P18
AML-P22
ua3sy
AML-P13
AML-P14
AML-P11
AML-PO4
AML-P20
AML-P15
AML-P28
AML-P25
AML-P21
AML-P29

p-Stat1 / IFN-y
p-Stats / GM-CSF
p-Stat5 / IL-3
p-Statd / G-CSF
Stat5 / G-CSF
p-Stats / IFN-y
p-Erk1/2 / FL
p-Stat5s / basal |
p-Stat1 / basal | |
p-Erk1/2 / basal | HEEN
p-Stat3 / basal HE HE
H =

[
p-Stat6 / basal _ B
p-p38 / basal . ..

Clinical Parameters o =0.05

Chemotherapy Response BHEEEEE BEE r-ooo02
EEEEE H EEEENE N BN -ov
CD15/ Lewis X EE [ EEE = H BEEEEEEE BN r-o0
Cytogenetics EEEEE BB E R H R

SC-NP (36.7%) SC-PE SC-P1 SC-P2 (33.3%)

Single cell profiling of potentiated phospho-protein networks in cancer cells. Cell.
2004 Jul 23;118(2):217-28.



http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=15260991
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DNA ! {43/

Propidium Ethidium
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Empty
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AT s

Figure 1. Upon cell diwision, CF5E is distributed uniformiy
between daughter cells.
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Figure 2. Profile of CSFE-labeled, PHA-stimwlated (72 hrs) peripheral

blood mononudlear cells (PBMCs) analyzed by flow cytometry. 9 BD Helping all people

live healthy lives




Annexin V Assay

I I Apoptosis

Annexin V-FITC
conjugate

Externalization of
phosphatidylserine

=
©

=~
n O
S &
o @
-

Helping all people
live healthy lives
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Relative Cell Number

Flow Cytometric Analysis of Apoptosis
In Jurkat T Cells

Incubation with Camptothecin (hr)

Annexin V-PE

N BD Helping all people
w live healthy lives



Fas-induced Apoptosis in Jurkat Cells

Annexin V-FITC

N BD Helping all people
@ live healthy lives
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GFEP as a Reporter

Table 1. Fluorescence properties of enhanced green
fluorescent protein (GFP) variants

Variant Excitation Emission Em Qy
max. (nm) max. (nm)

Wild-type 395 (470) 509 21,000 (M60) 0.77
EGFP 488 597 65,000 0.70
EEFF 280 440 21,000 0.20
EYFP 513 (498) b27 36,500 0.63
ECFP 433 (453) 475 (b01) 25,000 0.24

AW, BD Helping all people
Qﬂ live healthy lives



GFEP as a Reporter

o e Usage o GEP

Biosensor GFP Fluoresence Event
construct type measurement detected

Transcription reporter biosensors

MF-kB—dEGFP d2EGFP Intensity change TNF ar IL -1 signalling

AP-1-dEGFF dZ2EGFP Intensity change GF stimulation or AP-1 activation
SRE-dEGFF dZ2EGFP Intensity change Serum stimulation or SRF activation
GRE-dEGFF dZ2EGFP Intensity change Glucocorticoid stimulation
CRE-dEGFF d2EGFP Intensity change cAMP stimulation or PEA activation
MFAT-dEGFF d2EGFP Intensity change Ca®* stimulation or NFAT activation
HRE-dEGFF d2EGFP Intensity change Stress or heat stimulation
ph3—dEGFP d2EGFP Intensity change DNA damage or tumour suppressor activation
Myc—dEGFP dZEGFP Intensity change Cell growth

HIV-1 LTR-GFP EGFP Intensity change HIV infection

N BD Helping all people
@ live healthy lives




GEP as a Reporter

pa'ml)

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

4

—o— p24 Ag (10

Helping all people
live healthy lives




GFEP as a Reporter

HIV-1 {MOI 0.01)

w1t

ot

b Dray 2 pasl miection

GFF {fluorescence)
GFP (fluorescence)

10®

T o 200 480 600 B0 1000
FEC-Haight

SO0 SO0 BT BGD 1000 - 0o a0 B0 =00 1 L
FROHeghn [ PR g

o dnsg Sagranar 1 Eanuinasdn 001k
Dy 4 pezeed iriasction

Feedarlonn thacirascance inlersily

2] & EDT N3 1030
FEE-Husghi
Saquinavir 1M Sasquinavie .01 uM

Helping all people
live healthy lives
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Cytometric Beads Array (CBA)




Beads Provide a Flexible Platform
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1000+

MFI

110604

B Recombinant Standard

®  Jurkat + antl-CD3AC02E

! 19 100 100

UMITS il
Western Blot
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- B t o L = = = =
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30 second exposure

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

100

ERK
JNK
P38
PLC
ZAP-70
Itk

LAT
Jun
RSK

Fifomreqq

Time (Minutes)

& BD



Philadelphia chromosome

The presence of this translocation is a

highly test for CML, since 95%
of people with CML have this
abnormality

Chy. 22
e s ECE ;
*

Cht. 9

& BD


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

Philadelphia chromosome

< r X _r
X A N A

) )~*( + + — Y'.‘( ).‘; é\:

Capture bead BCR-ABL protein Detector Sandwich complex
. ECR-AHL-repathe Sample e BCR-AEL-posilve sample
3 -
= 3
= §
L o B
. =]
-] "IZI ] T I 3 T T T 1 T - T
10 ' n® ! o ! e 108
4 PE.A& : PE-#

Flgure 1. Cnce serum is preparad using the BD BCR-ABL Protein Kt and samples are run in the flow otomater histograms show the presence or

absence of BCR-ABL fusdon protelns, D
-, ~ A b
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FACS Calibur ix % 4
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= Drain & Fill
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Dichroic
Filters
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Transmitted
Diflected 90
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Quantification of a Voltage Pulse
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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 10Vv/1024= 0.01V

600 800

v7 BD



Ideal Lin To Log Conversion

Linear

400 600

Log amp 1mV 10mV 100 mV




List-Mode Data
FSC SSC FL1 FL2

cvert 2 o0 100 | 245 |_o5)
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File: ISZ02z24004
Date: Z4-5
Total

FMean

101 10° 10°* 104 g 2785 1l0&.EE

Anti-CD3 FITC g8, 196  EZ7 g81.5 231 .20

CV=S.D./Mean
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SRSt Quadrant Statistics

_1

10% 10

CD3 HTC




¥R E

o 7 v ¥FP % blank, no antibody used.

o [£ 4 %FPR . isotypic antibody control.

o [ 4= %FPE ‘2 isotype + 2nd antibody.

o 5|+ %P8 . use experimental antibody +
cell line with known positive reaction.

v7 BD



HREeEnE 24

7 v ¥} PR %2 autofluorescence, instr setup.
A

1+ %1 P ‘e the extent of non-specific
staining

[ F=7% %3 P& %2 for indirect staining
5 14 %+ B % antibody functionality
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APORLOWIC PRNENOLYPES

o asymmetry (1-2 h)

» n (6-8 h by TUNEL, 12-24 h by
alysis)

-24 h)
condensation (18-36 h by gel

alysi

 Cells arghagocytosed before loss of
membrane integrity -No inflammatory
response



ypic Changes
ux, pH inges (0.5 -1 h)
nuts off (0.5-1 h)
10NC

: ’ activation (2-3 h)

a depolarization (1-3 h)
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S OWACYIOMENN/ ASSay'S

1)

. aspase-3
« APO-BRDU™ (DNA 4a%74 72 )
 Hypoploidy Analysis (Sub-G14 #7 )
Cell Lysate
N7 D, < CBA Apoptosis
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ARREXINTVAS a QuICK ASsay

Apepleticrand Control Cells J

i
WS with “E:‘

»

[Two color}

Onecolor|

pr Propidium iodide and
2 ejeif\““m { Labeled Annexin V

\ T "
ncubate 15 min J—

{Analyze by Flow Cytometry}
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Annexin W-Fitc

Camptothecin Camptothecin
(100pgsmi, dhr) (100pg/mi, 8hr)




OF VIABLE APOPTOTIC CELLS
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Annexin V-FITC




S OWACYIOMENN/ ASSay'S

1)

. aspase-3
« APO-BRDU™ (DNA 4a%74 72 )
 Hypoploidy Analysis (Sub-G14 #7 )
Cell Lysate
N7 D, < CBA Apoptosis



-1): Monitor
ane Potential (Ay)

lectrochemical gradient
.
ted with a decrease in Ay

2
| -aggregate-forming Cationic dye found
be Ay sensitive
' uorescence color dependent on Ay

Analysis by flow cytometry:
* Ay polarized (J-aggregates): FITC-PE channel
* Ay depolarized (monomers): FITC channel
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{ Flow Cytometry }
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C;Stalmng In Mouse Thymocyte
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S OWACYIOMENN/ ASSay'S

1)

. aspase-3
« APO-BRDU™ (DNA 4a%74 72 )
 Hypoploidy Analysis (Sub-G14 #7 )
Cell Lysate
N7 D, < CBA Apoptosis



Mitochondrial
§§¥ ‘Staurosporine  Camptothecin
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Ietfiec Analysis of Apoptosis

kat 3lil's

_—

bag)n with Camptothecin (hr)
0.5
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Annexm V-PE

Relative Cell Number

Active Caspase-3—-FITC



SIOWFCYIOMELTY ASSay'S

PO-BRDU™ (DNA 4&%r & 47,2 )

» Hypoploidy Analysis (Sub-G14 7:%)
Cell Lysate

e/ D « CBA Apoptosis



ARPOFERDUIM Exploits the Large Number
PINDNASEEOMERLSHN Apoptotic Cells

DJ\J,—\ 3' rJ

and thefeforeﬁﬁcbrporate little Br-dUTP
e Br-dUTP sites are detected with a BrdU-FITC mADb






Green Fluorescence



Side Scatter

F2 (1) vs

1023

FMT4 (4) vs PMT2 LOG (B)

Green FL

1023

R1: Normal Cells
R2: Apoptotic Cells



.'. I, JON .-_. A
] ﬁ‘:“‘:"ﬂg_ : ok

Annexin V-FITC

BrdU-FITC




S OWACYIOMENN/ ASSay'S
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. aspase-3
« APO-BRDU™ (DNA 4a%74 72 )
 Hypoploidy Analysis (Sub-G1 4 47 /%)
Cell Lysate
N7 D, < CBA Apoptosis
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Ovemumr incubation to extract
SmclifDINA fragments, then Pl stain.
ithi Triton X.

= Use of phosphate buffers with high
osmolarity.
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r]dcllrﬂj ij[-; cells before ethanol
[%etion:.

Forradnerent cells, avoid over-
trypsinization. Use serum containing
medium to stop trypsinization.

s Add ethanol while vortexing.

m Avoid the reuse of RNase.
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Active Caspase-3
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Overview of the CBA Assay Configuration
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Cytometric Bead Array Analysis of Cell Lysates

— MEs

MCF-7
X

Protein (units
@ Control ( )
® Camptothecin



Apoptosis Decision Tree
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