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What is flow cytometry?

cyto = cell

metry = measurement

automated measurement of particle characteristics in a continuous
sample stream
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Sample preparation

tissue - we need a single cell suspension

— loose tissues (spleen, lymph nodes)
— mechanic dissociation(sieve)

— epithelial tissue = enzymatic digestion

* trypsin, accutase, collagenases
blood - removal of distracting particles
erythrozytes - lysis (hypotonic buffers)
density gradient centrifigation (Ficoll, Percoll)

— peripheral blood mononuclear cells (PBMC)

MACS
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Sample preparation

® O R properties
1.block!'elease of Prpteins © / ' - Sl granUIarlty N
(brefeldin A, monensin) = | 4 — fluorescence (SpeCIﬁC
antibodies)
block unspecific binding
2. stain surface markers (FCRS)

staining of surface proteins

— CD-nomenclature

3. fix and permeabilize intracellular staining
(e.g. PFA or methanol /

saponine or detergents) - transcription factors

— phosphorylation
— fixation and

4. stain intracellular permeabilisation

proteins
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Composition of a flow cytometer

= fluidics (blue)
sheath — sample stream

— sheath fluid
m optics (red)

- laser, lenses

— optical fiber
- filter, mirrors

m electronics (green)

— photomultiplier

m computer

— analysis
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hydrodynamic focusing

sample stream

sheath fluid
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how to get the signals

BD Fluorescence Spectrum Viewer A Multicolor Tool

Options  Curves: : Cytometer: |.ﬂ.ll‘y Cytometer
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http://www.bdbiosciences.com/research/multicolor/spectrum_viewer/index.jsp
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interference filter

Longpass Shortpass Bandpass
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The filter system split the light

FACS Aria ll:
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Photomultiplier (PMT)

| ‘ vacuum tube
||
\/\@/@\ ﬁ |
o
| |

amplification

Fokussing

olectrode dynodes anode

cathode

all is relative in flow cytometry - you have to know where your
signals are!
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Photomultiplier (PMT)

signals are relative

FL1 PMT-V=300 FL1 PMT-V=500

FSC
FSC

FL1 FL1

Folie 12 Dr. rer. nat. Robby Engelmann Universitatsmedizin

Rostock




Plot types

1-dimensional &
- histogram 5
8%
2-dimensional =
— dot plot 50 100 FSC-ASO 200 (x1.20?)%)
_ Contour plot E:NE LI lsgl LI I10|0I LI I1$0I LI lztlloi LI szl’ol
o FSC-A (x 1,000)
— density plot E =
< £ .
f...) ] =3
multidimensional 3 3 ¥
— 3D still visualized ] E .
- more dimensions only via "y N
. FSC-A (x1,000) B :
algorithms ] .
—I III\I:I’IIIIIIIII}[I'I
50 100 150 200 250
FSC-A (x 1,000)
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spectral overlap

BD Fluorescence Spectrum Viewer A Multicolor Tool

Options  Curves: : Cytometer: |.ﬂ.ll‘y Cytometer |:| Excitation {nm). |70 488 |w Show Em when Ex % = E Cursur:|. iPlace Cursar)
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http://www.bdbiosciences.com/research/multicolor/spectrum_viewer/index.jsp
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Compensation

= removal of spectral overlap from your data

uncompensated PE = PE - x% FITC
— I-n =)

mc__ E_E
< # y=r
SR =i =A g -
=3 T (4

o S < Pk
g (=T Q - =
5= o

[8Y]
N =2
I_IIIIIII| I IIIIIII| I IIIIlII| 1

'Ill IIIIIII | IIIIIII|4 | IIIIIIII | 102 103 104 105

3 5
10 10 10 10
CD25 PE-A CD25 PE-A
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Compensation

= adjustment for the spectral overlap

logarithmic scale

E h’ bi-exponential scale
= G P Yo
S —J perfect!
T « T
. G < 2=
s = v T 3
& - Yo
© =N =
LI._mD o
"o I Vo ki
O < R e
102 10° 10* 10 o= Lo, ]
CD25 PE-A . a3
N BLLLLARE N AL LR e E :
e O 10° 10° Vo
CD25 PE-A o=
Overcompensated § T |i| TTTTI T T T T T
o 010 10° 10' 10
CD25 PE-A
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Gating — single cells vs. doublets

today'’s flow cytometer use three values per
channel:

. @

single cell

YYyvYYY

doublets

signal
strength

yvy Yvvy %
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Gating — single cells vs. doublets

example:

Tube: Treg_stain

Population #Evenis %Parent %Total
M all events 151,117 #### 100.0
P 69,249 458 458

P2 68,231 985 452

. I

68,095 98.3 45.1

(x 1,000)

FSC-W

111 Iﬁnl 11 I1?OI 11 I1?0I 11 IZF

111 |2?0|

0

—

rTT T T T T T T T T T T T T T T T T TTTTTT

50 100 150 200
FSC-A
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250
(x 1,000)

(x1,000)

SSC-A

A

A A

My

P

T L L L L LML B L B ) B
50 100 150 200 250
FSC-A (x 1,000)

0

(x 1,000)
lz?nl

SSC-W

| 5 ol ¢ lﬁnl | l1?ol 11 l1?(i'l I-‘.l.lzi]

LI I
50 100 150 200 250
SSC-H (x 1,000)
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Gating — fluorescence channels

example:

counts

AT FYETE FETTY RATA (OUTI FRUT PUTRA ATOA

SSC

counts

lymphocytes

Aqua L/D

vital CD19"

CD24

. Mature B cells

[ Memory B cells

. regulatory B cells
(pro-B / transitional)
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panel design

Basic rules:
— low expressed marker = bright fluorochromes
— highly expressed marker = dim fluorochromes
— important marker = bright fluorochromes

— ,add-on“-marker = dim fluorochromes

keep in mind:

— spectral overlap: select fluorochromes with minimal spectral
overlap for markers on the same cells
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panel design

Fluorochrome Exzitation max (nm) Exzitation Laser Emission max (nm) Bn%r_tsr;ess
PE-Cy7 496, 565 488, 561 774 4
Brilliant Violet 570 405 405 570 3
Brilliant Violet 421 405 405, 360 421 5
Pacific Blue 410 405, 360 455 1
FITC 493 488 525 3
APC 645 595, 633, 635, 647 660 5
PE 496, 565 488, 561 575 5
PerCP-Cy5.5 482 488 690 3
PerCP 482 488 675 2
APC-Cy7 650 595, 633, 635, 647 774 2
Alexa488 495 488 519 3
Alexa647 650 595, 633, 635, 647 668 4
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Is your fluorochrome detectable?

Octagone (488 nm Laser) Trigone 1 (633 nm Laser)

 LP735 BP 7801600 FL5 Ho0/ ., BP 780/60) FL7 £SO
: ' PerCP, 7-AAD 48 ' APC, efluores0

LP 655 BP 695/40 | FL4 re-cys. - P 660/20 | FL6 :
[ tpess ) e reis (D L N

' ; PE-Texas Fed, FE-CF594,
LP 610 BP 616/23 | FL3 PE-Dazzle594, PE-eFluoré 10,
: 42 mCherry (suboptimal)
LP 556 BP 585/42 | FL2 rE P Trigone 2 (405 nm Laser)

Aqua L/D, ViaGreen

| . _ _
LP 502 BRSSOSED FL1 ..o P 530/30 ) FL9 Alexa430, V500
. : ; 2GFD _ : Brilliant “iolet 510

_ DAPI, Hoechst
FLB Facific E'UE,
BP 450/40 Brilliant Violet 421
; Alexad0s, eBFP2
V450, VioBIUe

Half/half BP 488/10 ' ssC

BP 488/10 | FSC

Cy5.5: Anregung mit §33nm 40%/max, Messung in 78060 zu 30%
CyT: Anregung mit 633nm 10%/max, Messung in 7B0/E0 2u BO%
Cy3: Anregung mit 438nm 23%/max, Messung in 58342 zu 80%
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Controls — not necessary for bimodal staining

" Tube B - P2 " Tube A- UR
UL UR
10°36.55 L 1.86 1653499 0.23
4 o .
< 10 104,
O <
L
< o N
D ¢ 8 S -
o o
10° 0 o ResH
82 -
- EEs TP Son LR 0 R
34.51103 : = . P 12;-08 7.42 57.36
= -102 0 102 103 104 10°
CD16+56 PE-A CD4 APC-A
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Controls — negative or positive?

FITC-A

PerCP-Cy5-5-A

[l llll'llll

_l]ll II1I"IIIIIHII

IIIIIl|I]IIrII1H| I IIIHIII IIIIII[Ii 1

PE-Cy7-A
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Controls — isotype control

control for unspecific binding via protein-protein interaction and
Fc-receptor binding IF:

— same species and isotype
— same fluorochrome
— same fluorochrome per antibody ratio

— same concentration of the isotype control antibody

problems
— F:Pratio variable, tandem fluorochromes
- degree of aggregation

— does not control for spillover from other channels
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Controls — fluorescence minus one (FMOQO)

control for spillover from other channels
- e.g. myeloid cell gating:

— SSCvs. CD45 — CD11b vs lineage — pDC marker vs mDC-
marker, then:

NP-CGG immunized transfer recipients naive B1-8*/
FMO | | FMO | |

CD80 1 PD-L2

CD80

(7 fluorochromes included)
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Controls — internal control

lymph nodes-skg5s lymph nodes-skg5s

lymph nodes-skgs
5 249 ---{E_—. Fip — g o
§- §_ i . 'v"’.' o,
= = & | « R
= '\__Kr ®
i < 5 | &7
o 6 i
w ) = E
wl W = 0 on
,_E 8

F AREEN BRI |'|.i||ill'l'| T
0 100 150 200 250 50 100 150 200 250 ﬁ 0 10° 10"
FSC-A  (x1.000) FSC-A  (x1.000} CD4 FITC-A

lymph nodes-skgs

Pl

Count

L1 : _{E:I_I._Lﬁ_I_I_ls_giE_I._ﬁ_l_l_ja_f:.0

3
10

N foxp3 Alexa Fluor 647-A
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Controls — internal control

lymph nodes-skgs lymph nodes-skg5 lymph nodes-skgs

s 24 g &
g g &7
E i? ";- =g
' R
< < g
7)) N =
E Frs IIII.III!III!!III I.i-i.II!"! 1
50 100 150 200 250 50 100 150 200 250 p (] 10° 10"
FsSC-A (= 1.000) FSC-A {x 1,000} CD4 FITC-A
lymph nodes-skgs
I=
2 P1
(&)
L] T T L L II T
10° 10

-1,398 foxp3 Alexa Fluor 647-A
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Controls — dead cells

o AO14021 3—_3 s < AO140213-B
£ o] THER—
= O, 1
u w ==

< 87 a3
& T 5
B 27 'gﬂEi

£ S

ik B 5

O~ Frm i o SLRELL PRI Wy
50 100 150 200 250 36p9710 010 10 10
FSC-A (x 1,000} CD19 APC Vio770-A
AO140213-B

-2
U.I'J' [
"%r Tube: B
o=
o Population #Events % Parent %Total
- Ty [l Al Events 110,000  ###% 1000
i & : -'f@g:pﬁ@mgmaceus . lymphocytes 94689 86.1 86.1
2 i -l b cells 6201 85— 56
o - cD138 pos plasma cell: 135 -5 0.1
4

' 0o 10 10t 10°

94 CD138 PE-A
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Controls — dead cells

AO140213-B

g &3
<g
5o
) -
" 2
i
S0 100 150 200 250
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AO140213-B
< =2
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]
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o
i 3 4 5
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-949
CD138 PE-A
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_%‘rmeg: . - % NE
£, =&
= -
o = < 81
s 7 ok
=] = (7 R
e =
5 % e living B cells
8= £l
Qo 3 3 iy PR
ﬁ —'E IIHIII| 1 Jllrlﬂl IIIII"TI | lII1IH| 1
o [T FSIH]F!E T1 |1|r|1'|41 |||l'|!5_1' 15 103 104 II:]E
-107 0 10 10 10
-35 ; E
CD19 APC Vio770-A live/dead Aqua L/D-A
| Tube: B
Population #Events %Parent %Total
[. All Events 110,000 #1000
. lymphocytes 94 689 86.1 86.1
: 4 b cells 6,201 6.5 56
I 1ving B cells 5,980 Lo 5.4
- [M plasma cells 50 0.8 0.0
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Conclusions

planning phase decides upon fail or success

titrate your antibodies and improve blocking step in
order to minimize background - isotype controls do
not help you later

know your machine

know your sample
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Applications for flow cytometry

flow cytometry is working on single cell level - often not all cells react the
same upon treatment (e.g. impurities of <1% can cause huge effects on
cytokine conc. in supernatant measured by ELISA)

identification of cells (immune cell subtypes, stem cells = often >4 surface-
marker standard nowadays)

functional characterization of cells (cytokine expression, ligand and receptor
expression, transcription factors and other effector proteins)

analyzing signaling pathways (phospho-specific antibodies, Ca?* flux)
viability, proliferation, apoptosis (early up to late stages), telomere length

multiplex protein quantification
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examples — apoptosis

24h Timepoint- Bum VWA

Mecrofic Cells Apopiotic Cells

o =
< il
~ Ve
.I--"":E_:_nlfﬁ'i.'.huunm1|: Ci
"r'l"l'lT"l_l_I_'I"I'IT'I"l_'I_
io" 10"
annexin V

7-AAD has much lower spectral
overlap to other channels
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o
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o
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annexin V
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1 L

Bound lactadherin or
=
i

annexin V (fluorescence)

o
o

% PS

no special buffers needed

earlier and stronger staining
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examples — proliferation

Count
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B

Ll

104 i

CollTrace™ Yialet VLT-A

iy

B.
240
_ 140
=
=
120+
£L1+

1] 50 L] 150

B Farenl
W Generation 2
M Generation 3
B Generation &
| Genweralion 5
Generation &
B Gensration 7
B Generation &
¥ Genaration ¥
W Generalion 10

200 250

Channals (VL 1-A-YL1-4A)
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C04 Alexa Fluor

10#

W 7

Ly 10 L5
CallTrace™ Vielet WL1-A

Universitatsmedizin
Rostock




examples — cell cycle

* R3=G0/G1
R4 R4=S
Siis R5=G2/M
o R6=SubG0
[ G1
o |
T

[(sub-G4 cells (<2n)

C1GgfGq phase (2n)

15 phase (=2n)

B G-/ phase (dn)

B multinucleate cells etc. (=4n)

I

&

#

%
i

i

7-AAD (FL3)

Cell count
100 150
1 111

T

10 10 10° 10
Fluarescence intensity (rfu)

Universitatsmedizin
Rostock

Folie 35 Dr. rer. nat. Robby Engelmann




examples - intracellular proteins

gating for cell types __ 140123-sfim stained 140123-stim stained
= = -
i S metaine S 8 <
" E_14!]1_2:3 Slll.r"r] St'amiE " Eﬁumz}snm staine = ‘2'—5 b ]
SNE a g 3 “"'gi T Y
N | S B snoets - 3 C73 bl ™
INFg 3 & & & NE IR
% 8 283 @
E E =
IL-4 23 L O o=l HESH RIS
IIII|:I]||EIIII|IIII]||[I| Illi||[II|IIIII|[[I|IIII1 'CI‘ TT ”|.I|[||.| || e TTT
".'17A 50 100 150 200 250 &0 100 150 200 260 ﬁ‘ 103 m‘ .ﬁ) Inll 1: “r:g'

FSC-Ax 1.000) FSC-v< 1.000) CD3 PE-Cy7-A CD8 APC-Cy7-A

TNFa Th cells

". 10 1401 23-stim stained 140123-stim stained 1401 23-stim stained
“a = k- .
) i i
+ . o - . .y
‘=I =3 . - = =1 3
& T T ol ; 4o
Qﬁa % 2 EMET x
=z = - . = iy Z 3 .
b 53 < of e [ e
P3 - e il
] :I'*— .. ml I'II_I' -
u.a 'I'I'I'I'!_I-I'I'ﬂ'l'l'l',._l_n'ml'l'l—r (‘:‘ IIIIIII|”III IIII| LILRALL ‘I P ..H... —
458 w0t 1wt ot 10d PO 10° 10 10® gig D 10° 10* 108
IL-4 FITC-A IFig APC-A IFNg APC-A
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examples - cytometric bead assay

e.g. from BiolLegend
. _ e - 13 cytokine plex (min. 100
o “.'.: tests) for 1200€
s — per sample per cytokine costs:
| — pe— * 92cent
BioPlex

— 8 cytokine plex (96-well) for

el 1900 €
sy - - IL-17F
| — costs per sample per cytokine:
Y * 25¢

ount

Folie 37 Dr. rer. nat. Robby Engelmann Universitatsmedizin

Rostock




examples - microvesicle

B) Beads PPP
5 5
10 < 10 <
4 4
10 = 10 v
I 3 T 3]
O 10 O 10 <
(1] o 3
o o -
]
107 = 107
10 = 10 =
I I il | ] b | . bl | ] 1 I i |
= 5
10 10 'I'IZI:II 10 1D5 10 10 HZI3 10 'IEIiIEl
FSC-H FSC-H

bacteria, fixed thrombocytes and
beads of 0.2um size can be detected
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questions & discussion
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