intensity

absorption

Stokes shift
k]

emission

wavelength



Instrument Excitation Laser Line (nm) | Fluorescence Channel | Fluorochromes provided by BD Biosciences
BD Accuri® C6
I
BD FACSCalibur™ 488
I
635
BD FACSVerse™"
K

[Red |

[Red |
| 405




BD FACSCanto™ ||

488

Green

Orange

FITC Alexa Fluor® 488

BD Horizon PE-CF594° | PE-Texas Red®?
7-AAD PE-Cy5 PerCP-Cy5.5

| Green |
Orange |
[Red |
633 [Red |
Alexa Fluor® 7002
BD LSRFortessa™ and
Special Order _
BD LSRFortessa
(ypca setwpl Rea |
R
[Red |
600 JlRd |
4
355




Far Red
Infrared
Green
Blue

Alexa Fluor®700
BD APC-H7

BD Horizon V500
BD Horizon V450

APC-Cy7
AmCyan
VPD450

Pacific Blue™

BD FACSAria™ Ill and
Special Order BD FACSAria e
(typical setup)’
[Red
N
[Red
0 e i
|
BD Influx™
w1
[Red
L
[Red
o0 ffrd = [ar
[FarRed |
[ nfrared | | APCGy7 |
[Green | | AmCyan |
[Ble | L VPDas0
EI T

w
~
(9]

Blue

Hoechst 33342




Q-dots - structure

core CAdmium+selenium/tellurium
shell ZINnC-sSulfide

Polymer
coating

Biomolecule




Q-dots - size

Qdot® nanocrystal

10-20 nm
| Lol Lol Lol Lol Ll Lol
1A 1 nm 10 nm 100 nm 1 um 10 pm 100 um
/7N - -
FmN_1N e Pt
& ©
Small dye
Atom molecule Fluorescent protein Virus Bacterium Animal cell

0.05-0.5 nm 0.5-10 nm 10-20 nm 20-400 nm 500 nm-10 pm 10-100 pm



Q-dots - color

Extinction coefficient (M'cm™)

0 N O OO B~ WN =

5,000,000
4,500,000
4,000,000
3,500,000
3,000,000
2,500,000
2,000,000
1,500,000 1
1,000,000 +

500,000 1

0 T

400 450 500 550 600 650 700 750 800 850 900

. Qdot” 525 conjugate excitation
. Qdot® 565 conjugate excitation
. Qdot® 585 conjugate excitation
. Qdot® 605 conjugate excitation
. Qdot® 625 conjugate excitation
. Qdot® 655 conjugate excitation
. Qdot® 705 conjugate excitation
. Qdot® 800 conjugate excitation

Wavelength (nm)

0 N O O N =

. Qdot® 525 conjugate emission
. Qdot® 565 conjugate emission
. Qdot® 585 conjugate emission
. Qdot® 605 conjugate emission
. Qdot® 625 conjugate emission
. Qdot® 655 conjugate emission
. Qdot® 705 conjugate emission
. Qdot® 800 conjugate emission

Normalized fluorescence emission



Q-dots vs. “traditional dyes”

Organic dye antibody conjugate Qdot® antibody conjugate

Absorption
Fluorescence emission
Absorption
Fluorescence emission

450 500 550 600 650 700 750 300 350 400 450 500 550 600 650 700
Wavelength (nm) Wavelength (nm)




New perspectives in flow
cytometry.
Multiplex arrays, CBA.
Phospho-flow.

Immunology PhD course
2019.12.11.



Use of microbeads in multiplex
measurements.

Multiplex technique:

Mixing of precisely identifiable beads

1

With a single measurement we gain a set of data



Identification of microbeads

Size Fluorescence
200 120
0.2 pm 300000
. 124000
160 34000 |
12000
120 1pm @ 12
l 0.5 pm E 3800

80+ © 48
40 24 -

0 0

1 10 100 1000 0.1 1 10 100 1000
SSC FL2 PE

PE molecules / microbead



Luminex xXMAP technology

The bead is filled with
the special dye mixture. &




Luminex XMAP technologia

Different bead ,,clusters” can be mixed. Since all beads carry a unique identification mark, the
detection system can detect which bead belongs to which cluster. Theoretically 100
measurements can be performed in one sample.

A

-
-
C
(=

FL3 fluorescence

000000000
000000000
000000000
000000000
0000000000
00000000600
0000000000
000000006060
0000000000
000000000600

v

FL2 fluorescence




Binding molecules on the beads

\( antibodies

oligonucleotides

/ peptides

u receptors

With simple chemical (covalent) binding different materials can be bound on
the surface of microbeads.




Potential uses

receptor-ligand assay enzyme assay




Luminex xXMAP technology

Cytokines
QD IL-6
§ @ 1en-
S
0
S
% @ ™nE-o

FL2 fluorescence




Luminex xXMAP technology

Autoantibodies
@ Anti-SSA
Q O Anti-SSB
o
S
§ @ Anti-Jo1
LL

| FL2 fluorescence




Luminex xXMAP technology

Kinases
3
§ Q@ Erk 2
0
S
3
H- @ rxc
QD INK

FL2 fluorescence




Identification of the microbead

clusters

The red laser excites
the microbead loading
fluorescent dye mix,
which makes
»clustering” possible.




Detecting parameter

The green laser
excites the detecting
fluorochrom showing
the concentration of
the target molecule.




BD'™ Cytometric Bead Array
(CBA)

b

Detecting cytokine patterns with multiplex microbeads



Human inflammatory cytokine
CBA kit

SSC-H

FL3-H
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Event count
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10°
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Clustering parameter (FL3)

Region | #of X X
# Events | Geametric | Arithmetic
Mean Mean
IL_8 None 1201 26.83 322.22
\ 1201 26.83 322.22
IL-]. ﬁ \E 227 1.96 2.38
IL_6 3 123 2.4 33.11
\h 216 1536.98 1596.05
IL-10 ———= 201 65.7 69.66
TNFG. D —— ] 236 53.82 56.57
w7 175 3.81 5.46
IL-12p70



Klaszterez6 paraméter (FL3)

FL2 MFI

Calculating standard curve

10 : [ LY i g
RO IO ey L-8 T - IL-8 ¢ e e
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NIR-A

10

CBA - clustering

g 1. Clustering

c FL3/FL4

D 2. Gating - individual
E cytokines

3. Cytokine cc. - FL2

Red-A



CBA — Potential uses

» Cytokines, chemokines and other
soluble molecules

» Signaling

* Immunoglobulin isotype determination



CBA signaling reagents

TcR

MAPK

Phospho Itk (Y511) Flex Set (Bead

BcR

Phospho BLNK (Y84) Flex Set (Bead

Phospho c-Jun (S63) Flex Set ( Bead

Set (Bead BS)

Phospho MEK1/2 (S222) Flex Set

Total JNK Flex Set (Bead B5)

Total p38-a Flex Set (Bead B6)

Phospho Akt1 (S473) Flex Set (Bead

JAK/Stat

Phospho Stat1 (Y701) Flex Set (Bead

Total STAT1 Flex Set (Bead C5)




Phospho-flow - Gary P. Nolan, Peter O. Krutzik

‘ S.timulusA Stimulus B Stimulus A+B
‘9 . s L e
@ 9 s _
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®™ @ = 9 @& G
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Fix cells, : f s T p,x i"t
P bilize, v v 9 -
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el LA S e 3%

Q
© Untreated % ‘ Q
@ Analyze on cells B Qo
Flow Cytometer :gt:mg x g : = ~
Ssimas 21 |0 LK O

Green Fluorescence

Krutzik et al. Clin. Immunol. 110 (2004) 206-221.



Phospho-flow

Comparison of phospho-specific flow cytometry and traditional techniques

Table 2

(Western blotting)

Western blot

Flow cytometry

Population analysis
Obtain average value
of multiple cells
Homogeneous sample
Limited to cultured
or purified cells
One parameter
Obtain data sets
individually
Large number of cells
Requires in vitro derived
cultures of rare cells
Time consuming for large
sample sets
Not amenable to large
screening efforts
Protein size
and Ab specificity
Ab selectivity for target
is clearly visible

Single cell analysis
Collects data for each
individual cell

Heterogeneous cell types
Complex primary samples,
that 1s, immune cells

Multiparameter
Correlate multiple markers
simultaneously

Small number rare subsets
Direct analysis of rare cell
types (i.e., DC)

Rapid and scalable
Performed in 96-well
plates in parallel

Ab must be validated
Ab must have high affinity
and selectivity

Krutzik et al. Clin. Immunol. 110 (2004) 206-221.
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Krutzik et al. Clin. Immunol. 110 (2004) 206-221.



Phospho-flow

1000 4 R % 0

r“-‘-ﬁ %

FSC

D
o
1

Y
Cell Number

i aaa|
103 10*

10° 10" 102 103 10* 10°

SSC pStat3 (Y705)

Krutzik et al. J. Immunol. 175 (2005): 2366-2373.



Phospho-flow

-4 843141445
-§ %14 44 14 ¢
~# #1113 114115

10° 10" 1 10 10; 1 10 10 10 10 10¥ 10" 10° 10 _ 10 _
pStat1 (Y701) pStat3 (Y705) pStat5 (Y694) p-p38 (T180/Y182)

Krutzik et al. J. Immunol. 175 (2005): 2366-2373.



Phospho-flow

T Cells B Cells CD11b-hi CD11b-int

]
3

In Vivo

T

In Vitro

1

Fold Change

1 5

100

e

500

10° 10" 102 10®° 10° 10" 102 10® 10° 10' 102 10®° 10° 10" 102 10® 10*

pStat3 (Y705)

Krutzik et al. J. Immunol. 175 (2005): 2366-2373.



Phospho-flow

Phospho-protein Response Panel Phospho-specific Intracellular Flow Cytometry Assay

p-Stat3 p-Stats p-Staté
N
& Unstimulated
[R N lized t i
) ows Normalized to GM-CSF !
Unstmulsted | Basal Phosphorylation ] G-CSF
FL IL-3
GM-CSF IFN-y
G-CSF [ Cytokine Response ]
p-Stat1 p-p38 p-Erk1/2
IL-3
IFN-y U937 Cell Line
[ Phosphoprotein Targets ] Node: Stat-1 . 3
State: Y701 phosphorylation, N
— 15 min after 20 ng/mL IFN-y ——————=0 _
-3Fold NoChange +3 Fold
log, [ MFISim 7 junstim g Phosphorylation of Indicated Target Protein

Phosphorylation Scale

Iog [ MFlstim / MFIunstim]

HL60 AML Cell Line U937 Cell Line Normal CD33* Cells (various donors)

AML-PO1 AML-P02 AML-P03 AML-P04 AML-P05 AML-P06

Irish JM et al. Cell 118 (2004): 217-228.

Unstimulated
FL

GM-CSF
G-CSF

IL-3

IFN-y

‘HTH




Phospho-flow

Node State
Nodes AML P01 - P30 Variance (62)
BRRIREN "RNRBRIVERNONY Basal 045
FL 0.01
GM-CSF 0.01
G-CSF 0.37
IL-3 0.03
IFN-y 0.06
Basal 0.35
FL 0.05
GM-CSF 0.1
G-CSF 0.29
IL-3 0.63
IFN-y 0.33
Basal 0.55
FL 0.02
GM-CSF 0.01
G-CSF 0.01
IL-3 0.01
IFN-y 0.01
Basal 0.15
FL 0.01
GM-CSF 0.02
G-CSF 0.07
IL-3 0.01
IFN-y 1.72
Basal 0.22
FL 0.04
GM-CSF 0.02
G-CSF 0.02
IL-3 0.03
IFN-y 0.02
Basal 0.45
FL 0.13
GM-CSF 0.05
G-CSF 0.04
IL-3 0.08
IFN-y 0.06

Variance of Node States Across 30 AML Samples
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o Significant Node State
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No Change

Irish JM et al. Cell 118 (2004): 217-228.



Phospho-flow
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Irish JM et al. Cell 118 (2004): 217-228.



