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ISAC LETF 

Ljubljana Cytometry 

Workshop 
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May 4 – 6, 2018
Ljubljana | Slovenia

WORKSHOP VENUE
Faculty of Medicine, University of Ljubljana
Korytkova 2, Ljubljana, Slovenia

Lectures during the whole course will take place at the Medical faculty, Medium lecture hall 
(Srednja predavalnica). 
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Sue Chow | University of Toronto and Princess Margaret Hospital, Toronto, Canada

David Hedley |  University of Toronto and Princess Margaret Hospital, Toronto, Canada

Tomas Kalina | CLIP Cytometry, Department of Pediatric Hematology and Oncology, Charles 
University, Prague, Czech Republic

Zosia Maciorowski | Curie Institute, Paris, France

Hana Glier | FACS/Stem cell laboratory, Institute of Laboratory Medicine, Cantonal Hospital 
Aarau, Switzerland

Alojz Ihan | Microbiology and Immunology, Faculty of Medicine, University of Ljubljana, Slovenia

Matthias Schiemann | Institute for Medical Microbiology, Immunology and Hygiene, Technische 
Universität München, Germany

Andreas Spittler | Core Facility Flow Cytometry & Surgical Research Laboratories, Medical 
University of Vienna, Austria
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MEETING ROOMS / LABORATORIES
W1 	 Room No. 1, 5th floor | Bio-Rad, S3 sorter 

W2 	 Room No. 2, 5th floor | Becton Dickinson, BD FACSCanto II cell sorter 

W3 	 Room No. 3, 5th floor | Becton Dickinson, BD FACSLyric

W4 	 Room No. 4, 5th floor | Meeting room

W5 	 Room No. 5, 4th floor | Beckman Coulter, CytoFLEX

ML 	 Ground floor | Medium lecture hall

Ground floor foyer: coffee breaks, lunches, registration & information desk

ATTENDEES GROUPS
A: Experimental

B: Basic

C: Clinical 

D: Group combined 

ACCOMPANYING PROGRAM
Saturday, May 5, 2018

Guided tour of Ljubljana | 18:00 meeting point at the registration desk

Social dinner | 20:00, Gostilna na gradu, Grajska planota 1, Ljubljana

SCHEDULE

Friday, May 4, 2018

ML 	 Medium lecture hall

12:00 – 13:00		 Registration (open during the whole workshop) 

13:00 – 13:15		  WELCOME 

13:15 – 14:00 		 Basics of flow cytometry, Zosia Maciorwski

14:00 – 14:45 	 Basic data analysis and presentation, Tomas Kalina

14:45 – 15:15 		 Coffee break 

15:15 – 16:00 		 Multicolor panel design, Zosia Maciorwski

16:00 – 16:45 	 FCM diagnostics and functional tests in autoinflammatory diseases –

			   clinical cases, Alojz Ihan



Saturday, May 5, 2018

GROUP A GROUP B GROUP C GROUP D

8:30 – 9:15 Quality Control and Troubleshooting, Zosia Maciorwski   ML

9:15 – 9:45 Coffee break

9:45 – 11:45 W5    Intracellular 
antibody evaluation 
David Hedley, Sue Chow
BC CytoFLEX   

ML    Build your 
own cytometer 
Bill Telford

W3    Panel development 
for multicolor flow 
cytometry, Tomas Kalina
BD FACSLyric   

W2    Multicolor flow 
cytometry – Basic
Zosia Maciorwski
BD CANTO II

11:45 – 12:45 Lunch

12:45 – 14:45 W4    Data analysis 
and presentation 
Claudio Vallan

W2    Multicolor 
flow cytometry  –
Basic
Zosia Maciorwski
BD CANTO II

W5    Intracellular 
antibody evaluation 
David Hedley, Sue Chow
BC CytoFLEX 

W3    Panel 
development for 
multicolor flow 
cytometry
Tomas Kalina
BD FACSLyric

14:45 – 15:15 Coffee break

15:15 – 17:15 W1   Cell sorting basic 
Matthias Schiemann
BIO RAD S3

W5    Intracellular 
antibody evaluation 
David Hedley, 
Sue Chow
BC CytoFLEX 

W3    Stem cell assays 
Bill Telford
BD FACSLyric

W4    Data analysis 
and presentation 
Claudio Vallan

18:00 		 Guided tour of Ljubljana

20:00 		 Social dinner 

Sunday, May 6, 2018

GROUP A GROUP B GROUP C GROUP D

8:00 – 10:00 W5    Microparticles
Andreas Spittler
BC CytoFLEX

W3    Panel 
development for 
multicolor flow 
cytometry
Tomas Kalina
BD FACSLyric

W4   Leukemia lymphoma 
phenotype and minimal 
residual disease   
Hana Glier

ML    Build your own 
cytometer 
Bill Telford

10:00 – 10:30 Coffee break

10:30 – 12:30 W3    Panel 
development for 
multicolor flow 
cytometry
Tomas Kalina
BD FACSLyric

W1    Cell sorting – 
Advanced
Matthias Schiemann
BIO RAD S3

W4    Data Analysis and 
presentation 
Claudio Vallan

W2    Cell signalling 
and phosphoproteins
David Hedley, Sue 
Chow
BD CANTO II

12:30 – 13:30 Lunch

13:30 – 15:30 W2    Cell signalling 
and phosphoproteins
David Hedley, Sue Chow
BD FACSCanto II

W4    Data analysis 
and presentation 
Claudio Vallan

W5    Microparticles
Andreas Spittler
BC CytoFLEX

W1    Cell sorting – 
Advanced
Matthias Schiemann
BIO RAD S3



Basics	
  of	
  Flow	
  Cytometry	
  

Zosia	
  Maciorowski	
  
Curie	
  Ins8tute	
  
	
  Paris,	
  France	
  



	
  
A	
  technology	
  which	
  allows	
  us	
  to	
  measure:	
  
	
  	
  

	
  Light	
  sca@er	
  
	
  	
  

	
  fluorescence	
  intensity	
  
	
  	
  

	
  on	
  cells	
  or	
  other	
  par8cles	
  
	
  
	
   	
  one	
  by	
  one	
  (cells	
  are	
  in	
  suspension)	
  
	
   	
  	
  	
  

.	
  	
  
	
  

What is flow cytometry? 



How many Small and/or Big Cells are there ? 

Parameter: Size 

How many Small cells are Green and/or Red? 

How many Big cells are Green and/or Red? 

Parameter: Color (Fluorescence) 

TIFR 
Courtesy of Dr Krishnamurthy

When should we use a flow cytometer? 



Overview	
  

•  Light

•  What we measure:
•  Fluorescence
•  Light scatter

•  How a flow cytometer works
• Fluidics
• Optics
• Electronics
• Cell sorting



Light:	
  the	
  range	
  of	
  wavelengths	
  used	
  in	
  cytometry	
  

350-­‐800	
  nm	
  

Short	
  wavelength	
  
Higher	
  energy	
  

Long	
  Wavelength	
  
Lower	
  energy	
  



Fluorescence	
  



Fluorochromes 

Fluorochromes are molecules 
which absorb light at one wavelength 
then re-emit the light energy at a longer wavelength 
 
Structures are generally aromatic rings 

Fluorescein (FITC) Phycoerytherin (PE) 



Blue 488 Laser excitation 

Fluorescence 

e 

Energy loss 

This	
  is	
  very	
  simplified:	
  	
  
it	
  is	
  the	
  fluorochrome’s	
  electron	
  cloud	
  
that	
  absorbs	
  and	
  emits	
  light	
  energy	
  	
  

Green fluorescence emission 



Excitation spectrum 

Each fluorochrome is capable of absorbing light energy 
over a specific range of wavelengths

FITC can absorb 
energy at all these 
wavelengths 
but absorbs best at 
it’s excitation max: 
495nm

Excitation maximum

495	
  

Fl
uo

re
sc
en

ce
	
  In
te
ns
ity

	
  

Wavelength	
  
500 600



Emission spectra 

520	
  

Fl
uo

re
sc
en

ce
	
  In
te
ns
ity

	
  

Wavelength	
  
500 600

Emission maximum FITC will emit 
fluorescence at all 
these wavelengths 
but highest at 
520nm

Each fluorochrome is also capable of emitting light 
energy over a specific range of wavelengths



Fluorescence 

Stoke’s	
  ShiX:	
  
Some	
  of	
  the	
  absorbed	
  energy	
  is	
  lost	
  
Difference	
  between	
  excita8on	
  and	
  emission	
  maximum	
  

495	
   520	
  

Stokes	
  ShiX	
  is	
  25	
  nm	
  

Fl
uo

re
sc
en

ce
	
  In
te
ns
ity

	
  

Wavelength	
  

Absorption Emission

500 600



Laser light is used to excite fluorochromes 

400       450              500            550                 600            650                  700 
Wavelength (nm) 

Lasers found on standard flow cytometers 

infrared ultraviolet 



Light	
  Sca@er	
  



Light	
  sca@er	
  is	
  also	
  measured	
  by	
  flow	
  cytometry	
  
	
  

  

Images from Life Technologies Flow Cytometry Tutorials 
Courtesy of Kylie Price
Malaghan Institute

Light	
  sca@er	
  is	
  a	
  physical	
  property	
  of	
  the	
  cell	
  or	
  par8cle	
  
which	
  refracts	
  or	
  “sca@ers”	
  light	
  when	
  it	
  passes	
  a	
  laser	
  beam	
  
	
  

Light	
  is	
  sca@ered	
  in	
  all	
  direc8ons	
  but	
  we	
  measure	
  it	
  at	
  2	
  angles:	
  
	
  
Forward	
  sca@er	
  (FSC):	
  light	
  sca@ered	
  in	
  the	
  axis	
  of	
  the	
  laser	
  beam	
  
Side	
  sca@er	
  (SSC):	
  light	
  sca@ered	
  at	
  a	
  90°	
  angle	
  to	
  the	
  laser	
  beam.	
  



What	
  does	
  light	
  sca@er	
  tell	
  us?	
  	
  

Courtesy of Kylie Price
Malaghan Institute

Light 
detector 

Forward	
  sca@er	
  is	
  roughly	
  propor8onal	
  to	
  cell	
  surface	
  proper8es	
  and	
  size	
  
	
  

Side	
  Sca@er	
  is	
  affected	
  by	
  cell	
  structural	
  complexity	
  and	
  granularity	
  

Neither	
  of	
  these	
  are	
  can	
  be	
  used	
  to	
  quan8tate	
  the	
  size	
  of	
  cells,	
  
however	
  they	
  can	
  be	
  used	
  to	
  dis8nguish	
  different	
  types	
  of	
  cells	
  
	
  



It’s	
  not	
  a	
  black	
  box!	
  



What	
  do	
  you	
  find	
  inside	
  a	
  Flow	
  Cytometer?	
  

Fluidics	
  
Posi8on	
  cells	
  
	
  to	
  flow	
  one	
  by	
  one	
  	
  
past	
  the	
  laser	
  beam	
  

Op+cs	
  
Separate	
  the	
  light	
  emission	
  

	
  from	
  different	
  fluorochromes	
  
	
  	
  and	
  direct	
  towards	
  

detectors	
  	
  

Electronics	
  
Detectors	
  convert	
  light	
  

emission	
  to	
  voltage	
  pulses	
  	
  
which	
  are	
  digitalized	
  	
  



What	
  do	
  you	
  find	
  inside	
  a	
  Flow	
  Cytometer?	
  

Fluidics	
  
Posi8on	
  cells	
  
	
  to	
  flow	
  one	
  by	
  one	
  	
  
past	
  the	
  laser	
  beam	
  

Op+cs	
  
Separate	
  the	
  light	
  emission	
  

	
  from	
  different	
  fluorochromes	
  
	
  	
  and	
  direct	
  towards	
  

detectors	
  	
  

Electronics	
  
Detectors	
  convert	
  light	
  

emission	
  to	
  voltage	
  pulses	
  	
  
which	
  are	
  digitalized	
  	
  



Instrument	
  Fluidics:	
  
posi+ve	
  air	
  pressure	
  system	
  

sample 

sample air  
inlet 

sheath  
inlet 

waste outlet 

sheath  
chamber 

sample 
injector 

SHEATH 

WASTE 

Slides courtesy of Bill Telford NIH 

Sheath	
  fluid	
  can	
  be	
  
a	
  saline	
  solu8on,	
  PBS,	
  water	
  



SHEATH 

WASTE 

Connect the sheath tank to the 
sheath chamber of the flow cell. 

Connect the WASTE tank  
to the waste output 

sheath line waste line 



Air pump Air pump 

air air 

SHEATH 

WASTE 



Pressurize 
the sheath 
tank. 

SHEATH 

WASTE 



Pressurize 
the sheath 
tank. 

SHEATH 
PRESSURE 

SHEATH 

WASTE 



SHEATH 
PRESSURE 

Pressurize 
the sample 
port. 

SHEATH 

WASTE 



SHEATH 

WASTE 

This is very simplified!  Most commercial systems have complex pressure  
regulation mechanisms to carefully control sheath and sample delivery. 



What a flow cell looks like 

BD	
  LSRII,	
  Fortessa,	
  FACSCalibur	
  

sheath  
chamber 

sample 
injector 

flow cell 

sample 

sheath buffer 

air pressure 

waste 
waste 

sheath 

air 

flow cell 

sample 
injector 

sheath  
chamber 

Sample 
tube  

Slide from Bill Telford NIH 



1.  Posi8ve	
  air	
  pressure	
  (which	
  we’ve	
  just	
  seen)	
  
LSRII,	
  Fortessa,	
  Calibur	
  
Gallios	
  
Sorters	
  (Aria,	
  Astrios,	
  S3,	
  etc)	
  

Different ways to pump sheath and sample through the cytometer 

The image cannot be displayed. Your computer may 
not have enough memory to open the image, or the 
image may have been corrupted. Restart your 
computer, and then open the file again. If the red x 
still appears, you may have to delete the image and 
then insert it again.BD	
  sheath	
  tank	
  

2. 	
  Syringe	
  pump	
  
Guava	
  
A@une	
  
Novocyte	
  (sample)	
  

3. 	
  Peristal8c	
  pump	
  
Accuri	
  
Cytoflex	
  
Novocyte	
  (sheath)	
  
ZE5	
  



Jet-in-air 
sorter 

laser 

Intercepting the sample stream with a laser 

The	
  laser	
  beam	
  is	
  focused	
  on	
  the	
  point	
  in	
  the	
  sample	
  stream	
  where	
  the	
  cells	
  will	
  be	
  analyzed.	
  
	
  
On	
  an	
  analyser,	
  this	
  is	
  inside	
  the	
  flow	
  cell	
  
	
  
On	
  a	
  jet-­‐in-­‐air	
  sorter,	
  this	
  is	
  just	
  below	
  the	
  nozzle	
  

Analyser 

Slide courtesy of Bill Telford 



Courtesy	
  of	
  Alan	
  Saluk	
  

Cells	
  are	
  injected	
  into	
  the	
  center	
  of	
  the	
  sheath	
  fluid	
  so	
  that	
  they	
  will	
  be	
  posi8oned	
  in	
  
the	
  center	
  of	
  the	
  laser	
  	
  

Stream	
  within	
  a	
  Stream:	
  the	
  role	
  of	
  hydrodynamic	
  focusing	
  



Laminar 
Flow Laminar 

Flow 

The	
  effect	
  of	
  changing	
  the	
  sample	
  pressure	
  

Low	
  sample	
  pressure	
  

Cytometer	
  sheath	
  pressure	
  always	
  remains	
  fixed!	
  

High	
  sample	
  pressure	
  

Wide core 
Not all cells pass through center of laser beam 
Excitation and emission not uniform 
 

Narrow core 
All cells pass through center of laser beam 
Excitation and emission very uniform 
Important to use low for DNA cell cycle analysis! 



©	
  QIMR	
  Berghofer	
  Medical	
  
Research	
  Ins8tute	
  	
  	
  |	
  	
  	
  31	
  

Air	
  bubbles	
  or	
  dirt	
  will	
  decrease	
  signal	
  	
  

Courtesy	
  of	
  Grace	
  Chojnowski	
  



Flow	
  Cytometer	
  Elements	
  



Lasers,	
  lenses	
  and	
  prisms	
  
	
  Focus	
  the	
  beams	
  

Excitation Optics 



Let there be Light! 

	
  
Laser	
  characteris8cs	
  
	
  

	
  Bright	
  
	
  Coherent	
  	
  
	
  Emit	
  at	
  a	
  single	
  wavelength	
  	
  
	
  Stable	
  
	
  Focus	
  to	
  a	
  8ght	
  spot	
  on	
  a	
  8ny	
  area	
  
	
  (like	
  a	
  sample	
  stream)	
  
	
  gelng	
  smaller	
  and	
  cheaper!	
  

	
  



	
  
available	
  in	
  virtually	
  any	
  color	
  allowing	
  excita8on	
  of	
  almost	
  any	
  fluorescent	
  molecule	
  
	
  

New Generation Solid State Lasers 



Laser wavelengths on typical cytometers 

400       450              500            550                 600            650                  700 
Wavelength (nm) infrared ultraviolet 

blue	
  uv	
   violet	
   red	
  yellow	
  green	
  

FITC,	
  PE	
   PE,	
  PE-­‐Cy5,	
  RFP	
   APC,	
  APC-­‐Cy7	
  DAPI,	
  BV421	
  BUV395	
  



	
  
Here	
  we	
  can	
  see	
  a	
  blue	
  laser	
  beam,	
  a	
  violet,	
  a	
  green	
  and	
  a	
  red	
  

Lenses	
  and	
  prisms	
  direct	
  and	
  focus	
  the	
  laser	
  beams	
  on	
  the	
  cells	
  as	
  
they	
  pass	
  through	
  the	
  flow	
  cell	
  



Laser	
  beam	
  geometry	
  

Cells	
  MUST	
  pass	
  through	
  	
  
• 	
  center	
  of	
  the	
  laser	
  beam	
  	
  	
  
• 	
  for	
  maximum	
  uniform	
  excita8on	
  

If	
  they	
  don’t:	
  
Decreased	
  excita8on	
  means	
  
Decreased	
  fluorescence	
  
	
  
Dirt	
  or	
  bubbles	
  can	
  cause	
  this	
  by	
  
deflec8on	
  of	
  the	
  cell	
  path	
  

Stream	
  flow	
  

Laser	
  beam	
  



Collection Optics 
Lenses,	
  mirrors	
  and	
  filters	
  
	
  separate	
  wavelengths	
  and	
  direct	
  to	
  detectors	
  	
  



Fluorescent	
  light	
  emission	
  is	
  first	
  collected	
  through	
  a	
  lens	
  

flow cell 

Stream-in-air 

Here	
  the	
  lenses	
  are	
  shown	
  at	
  90°	
  to	
  the	
  axis	
  of	
  the	
  lasers	
  



AXer	
  collec8on	
  by	
  the	
  lens,	
  the	
  emi@ed	
  light	
  then	
  
	
  	
  

• 	
  passes	
  through	
  op8cal	
  mirrors	
  and	
  filters	
  

• 	
  which	
  separate	
  the	
  different	
  wavelengths	
  

• 	
  and	
  direct	
  them	
  to	
  the	
  right	
  detectors	
  



	
  transmits	
  wavelengths	
  above	
  500nm	
  	
  	
  incoming	
  light	
  all	
  wavelengths	
  

400	
   500	
  

100	
  

600	
   700	
  

Long	
  Pass	
  LP500	
  

Wave	
  	
  Length	
  (nm)	
  

0	
  %
	
  T
ra
ns
m
is
si
on

	
  

Op8cal	
  Filters:	
  Long	
  Pass	
  



	
  transmits	
  wavelengths	
  below	
  500nm	
  	
  	
  incoming	
  light	
  all	
  wavelengths	
  

400	
   500	
  

100	
  

600	
   700	
  

Short	
  Pass	
  Filter	
  SP500	
  

Wave	
  	
  Length	
  (nm)	
  

0	
  %
	
  T
ra
ns
m
is
si
on

	
  

Op8cal	
  Filters:	
  Short	
  Pass	
  



	
  transmits	
  wavelengths	
  	
  515-­‐545nm	
  	
  incoming	
  light	
  all	
  wavelengths	
  

500	
  

100	
  

530	
   560	
  

Band	
  Pass	
  Filter	
  BP530/30	
  

Wave	
  	
  Length	
  (nm)	
  

0	
  %
	
  T
ra
ns
m
is
si
on

	
  

BP 530/30 nm 

The	
  first	
  number	
  	
  
refers	
  to	
  the	
  center	
  	
  
wavelength	
  of	
  the	
  	
  
filter.	
  

Bandpass 

The	
  second	
  number	
  
refers	
  to	
  the	
  size	
  
of	
  the	
  filter	
  window.	
  

This	
  means	
  it	
  transmits	
  530+/-­‐15	
  or	
  515-­‐545	
  nm	
  

Op8cal	
  Filters:	
  Band	
  Pass	
  



510/20 nm 

488/10 nm 

460/50 nm 

450/50 nm 

550/30 nm 
575/26 nm 

630/22 nm 

660/20 nm 

A	
  rainbow	
  of	
  bandpass	
  filters	
  are	
  available	
  in	
  a	
  wide	
  range	
  of	
  wavelengths	
  



	
  >500	
  

<	
  500	
  

LP500	
  filter	
  is	
  angled	
  to	
  use	
  as	
  a	
  dichroic	
  mirror	
  

Dichroics: filters and mirrors 



Know the emission spectra of your fluorochromes 
and which filters are best adapted 

FITC	
  	
   PE	
  	
  

530/30	
  	
   585/42	
  	
  



SP560 
dichroic 

<560 nm 

>560 nm 

  
detector 

BP585/42 PE filter 

BP530/30 FITC filter 

laser 

2 color fluorescence detection 
 FITC and PE 

detector 



2. LP560 

LP650 PE-Cy5 

BP530/30 FITC 

488 nm 
laser 

PMT 

BP488/10 SSC 

BP585/42 PE 

1. LP510 

3. LP610 

PD 

BP488/10 FSC 

3 color fluorescence plus scatter detection 



Forward	
  Sca@er	
  	
  
~	
  Size	
  

Side	
  Sca@er	
  	
  
~	
  Granularity	
  



PE-Cy7 

PE- 
Cy5.5 

PE- 
Cy5 

PE 

FITC 

Linear array Octagon 

Some Typical Optical Schemes 

550SP	
   655SP	
  

730SP	
  595SP	
  



Forward	
  Sca@er	
  	
  
~	
  Size	
  

Side	
  Sca@er	
  	
  
~	
  Granularity	
  

SIngle laser 

So far, we have been looking at the excitation and emission from only one laser 



What happens when there are 2 lasers? 
 separation in space and time 

488	
  

633	
  
10us	
  



Most	
  cytometers	
  have	
  3	
  to	
  5	
  lasers	
  

Laser	
  1	
  

Laser	
  4	
  

Laser	
  3	
  

Laser	
  2	
  





Flow	
  Cytometer	
  Elements	
  



Electronics	
  overview	
  

detector	
  

Photon	
  

current	
   voltage	
  

amplifier	
   Signal	
  processing	
  

data	
  

	
  Light	
  detectors	
  
	
  transform	
  light	
  photons	
  
	
  into	
  electrical	
  current	
  

	
  
	
  

	
  voltage	
  pulses	
  
propor8onal	
  to	
  each	
  
fluoresence	
  emission	
  
are	
  generated	
  

	
  
	
  

	
  then	
  digitalized	
  
To	
  a	
  numerical	
  
value	
  

	
  
	
  	
  



Photodetectors	
  

•  Photodetectors transform light into electrical current 
 
•  types of photodetectors used in cytometers 
 

•  Photodiodes: 
•  Forward scatter (used for strong light signals) 
•  New avalanche photodiodes APD (Cytoflex) 

•  Photomultiplier tubes (PMT): used for weak light signals  
•  Side scatter and all fluorescence parameters 

 



Light	
  Detectors	
  

Output: 
current 

Anode 

Photomultiplier Tube (PMT) 



Changing	
  the	
  PMT	
  voltage	
  
• 	
  Changing	
  the	
  voltage	
  applied	
  to	
  the	
  dynode	
  chain	
  
increases	
  or	
  decreases	
  output	
  signal	
  (current)	
  from	
  the	
  PMT	
  

• 	
  103	
  to	
  108	
  electrons	
  may	
  reach	
  the	
  anode	
  for	
  every	
  
electron	
  that	
  leX	
  the	
  cathode,	
  depending	
  on	
  the	
  voltage	
  
applied	
  

• 	
  This	
  is	
  done	
  using	
  the	
  PMT	
  voltage	
  control	
  on	
  the	
  soXware	
  

Diagram from Dakocytomation 



How	
  is	
  a	
  pulse/signal	
  created	
  on	
  a	
  Flow	
  
Cytometer	
  ?	
  

©	
  QIMR	
  Berghofer	
  Medical	
  
Research	
  Ins8tute	
  	
  	
  |	
  	
  	
  61	
  

Time	
  

Vo
lta

ge
	
  

Laser	
  

Courtesy	
  of	
  Grace	
  Chojnowski	
  

Voltage	
  pulse	
  generated	
  by	
  detector	
  



Signal	
  Processing	
  

•  The signal processors quantify the voltage pulses 
•  They generate a numerical channel value for pulse height, area and width 

Time (µ Seconds) 

Vo
lts

 Area 

H
ei

gh
t 

Width 40 0 

10 

Cell	
  enters	
  beam	
   Cell	
  exits	
  beam	
  



Time	
  

FSC	
  

SSC	
  

FL1	
  

FL2	
  

FL3	
  

Voltage	
  Pulses	
  from	
  all	
  detectors	
  

The pulse size numerical values are recorded as channel numbers 
The data is saved as a list mode (.fcs) file which records all values for each event 

Digitaliza8on	
  

Pulse  
processing 

Data Acquisition - Listmode
Event Param1

FS
Param2
SS

Param3
FITC

Param4
PE

1 50 100 80 90

2 55 110 150 95

3 110 60 80 30

[RFM]

Single parameter frequency histogram Dual parameter dotplot 



List	
  mode	
  file	
  
 A list mode (.fcs) files contains scatter and fluorescence values 
for each event as well as instrument settings and cytometer 
information.  



Data Acquisition - Listmode
Event Param1

FS
Param2
SS

Param3
FITC

Param4
PE

1 50 100 80 90

2 55 110 150 95

3 110 60 80 30

[RFM]

Single parameter frequency histogram Dual parameter dotplot 



How many Small and/or Big Cells are there ? 

Parameter: Size 

TIFR 
Courtesy of Dr Krishnamurthy

30%	
  

20%	
  

50%	
  



How many Small cells are Green and/or Red? 

How many Big cells are Green and/or Red? 

Fluorescence	
  intensity	
  red	
  

low	
  

high	
  

Fluorescence	
  intensity	
  green	
  

Fl
uo

re
sc
en

ce
	
  in
te
ns
ity

	
  re
d	
  

N
um

be
r	
  o

f	
  c
el
ls	
  

Red	
  +	
  20%	
  

Green	
  neg	
  
Red	
  neg	
  30%	
  

Green	
  +	
  
Red	
  +	
  50%	
  

Small	
  cells	
  

And	
  the	
  next	
  ques8ons:	
  



Changing	
  the	
  PMT	
  voltage	
  

300v	
   400v	
   500v	
  

Forward	
  sca\er	
  

The	
  same	
  cell	
  is	
  measured,	
  but	
  at	
  3	
  different	
  PMT	
  voltages	
  
	
  



Threshold	
  

The	
  cytometer	
  needs	
  a	
  threshold	
  to	
  determine	
  what	
  is	
  considered	
  an	
  
event	
  (or	
  cell	
  or	
  bead	
  etc)	
  and	
  what	
  is	
  background	
  or	
  debris	
  
	
  
Threshold:	
  the	
  level	
  above	
  which	
  detected	
  signals	
  will	
  be	
  processed.	
  	
  
	
  
If	
  a	
  pulse	
  is	
  lower	
  than	
  the	
  threshold,	
  it	
  will	
  not	
  be	
  seen.	
  
Anything	
  below	
  threshold	
  is	
  excluded	
  from	
  analysis.	
  
	
  



Threshold	
  

300v	
   400v	
   500v	
  Threshold	
  

No	
  events	
  seen!	
  

peak	
  below	
  threshold:	
  
Not	
  quan8fied	
  

Si
de

	
  sc
a\

er
	
  

Forward	
  sca\er	
  



Threshold	
  

•  Increasing the threshold removes smaller pulses thus smaller events from analysis 
•  Events below threshold are not recorded, thus lost for good.  



Laser	
  8me	
  delay	
  

FSC	
  

SSC	
  

FITC	
  

PE	
  

APC	
  

Time	
  

DAPI	
  

blue	
  laser	
  

violet	
  laser	
  

red	
  laser	
  

13µs	
  
22µs	
  

13µs	
  

22µs	
  

	
  
list	
  mode	
  (.fcs)	
  file	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Cell	
  #	
  1	
  	
  Cell	
  #2	
  	
  
	
  
FSC	
  	
  	
  	
  360 	
  	
  	
  	
  	
  	
  	
  	
  	
  450	
  
	
  
	
  
SSC	
  	
  	
  	
  345 	
  	
  	
  	
  	
  	
  	
  	
  	
  375	
  
	
  
	
  
FITC	
  	
  	
  	
  35040	
  	
  	
  	
  	
  	
  205	
  
	
  
	
  
PE	
  	
  	
  	
  	
  	
  	
  125000	
  	
  	
  	
  	
  85000	
  
	
  
	
  
APC	
  	
  	
  	
  	
  230 	
  	
  	
  	
  	
  	
  	
  	
  	
  160000	
  
	
  
	
  
DAPI	
  	
  	
  	
  405 	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  650	
  

Windows	
  for	
  pulse	
  measurement	
  



Cell	
  Sor8ng	
  



Why	
  would	
  we	
  want	
  to	
  sort	
  cells?	
  

We	
  have	
  a	
  very	
  mixed	
  popula8on	
  of	
  cells	
  

And	
  we	
  want	
  to	
  do	
  experiments	
  with	
  a	
  pure	
  subset	
  of	
  these	
  
	
  DC	
  cells	
  
	
  
	
  	
  



Hybrid 
flow cell then 
 stream-in-air 

Stream-in-air 

laser 

Astrios	
  
S3	
  
Moflo	
  

Aria	
  
Melody	
  

Slide from Bill Telford NIH 

Most	
  sorters	
  are	
  “stream	
  in	
  air”	
  



Elements	
  of	
  a	
  Sorter	
  	
  



Nozzle	
  



Stream	
  



Piezoelectric	
  crystal	
  	
  



Charging	
  wire	
  	
  



Laser	
  Intercept	
  



Droplet	
  forma8on	
  and	
  	
  
Breakoff	
  Point	
  



Deflec8on	
  Plates	
  



Collec8on	
  Tubes	
  



How	
  does	
  it	
  work?	
  	
  

Fluid	
  is	
  pushed	
  out	
  the	
  nozzle	
  8p	
  by	
  pressure	
  
to	
  form	
  a	
  stream	
  
	
  

An	
  oscilla8on	
  is	
  applied	
  by	
  the	
  piezoeletric	
  crystal	
  to	
  
make	
  waves	
  in	
  the	
  stream	
  so	
  that	
  it	
  breaks	
  into	
  
droplets	
  



Cells	
  pass	
  one	
  by	
  one	
  through	
  the	
  nozzle	
  into	
  the	
  stream	
  



The	
  cells	
  pass	
  through	
  the	
  laser	
  beam	
  and
	
  

Detec8on	
  



The	
  fluorescent	
  signals	
  are	
  processed	
  by	
  the	
  computer	
  



If	
  the	
  cell	
  is	
  within	
  the	
  defined	
  sort	
  gate	
  
	
  

Decision	
  



The	
  cytometer	
  sends	
  a	
  signal	
  to	
  charge	
  the	
  stream	
  
	
  via	
  a	
  charging	
  wire	
  in	
  the	
  nozzle	
  
at	
  the	
  very	
  moment	
  that	
  cell	
  reaches	
  the	
  breakoff	
  point	
  
	
  



The	
  charged	
  droplet	
  containing	
  that	
  cell	
  
	
  is	
  deflected	
  by	
  charged	
  plates	
  into	
  a	
  collec8on	
  tube	
  	
  
	
  
	
  

Deflec8on	
  



Sort	
  results	
  

Before	
  sort	
  

a_er	
  sort	
  purity	
  checks	
  

All	
  this	
  happens	
  at	
  	
  
8,000-­‐40,000	
  cells	
  per	
  second!	
  

dcs	
  bdca1	
  

pdcs	
  

dcs	
  bdca3	
  



	
  
The	
  cells	
  can	
  be	
  stained	
  with	
  mul8ple	
  markers	
  coupled	
  to	
  different	
  
fluorochromes,	
  up	
  to	
  28	
  different	
  colors	
  have	
  been	
  done!	
  
	
  	
  
The	
  data	
  acquired	
  allows	
  rapid	
  quan8ta8on	
  and	
  complex	
  analysis	
  of	
  all	
  
the	
  different	
  popula8ons	
  of	
  cells	
  in	
  the	
  sample.	
  

Pure	
  subpopula8ons	
  of	
  cells	
  of	
  interest	
  can	
  sorted	
  at	
  high	
  speed	
  into	
  
tubes	
  or	
  or	
  cloned	
  in	
  96	
  or	
  384	
  well	
  plates	
  for	
  subsequent	
  
experimenta8on.	
  	
  
	
  
Applica8ons	
  include	
  mul8color	
  phenotyping,	
  measurement	
  of	
  
apoptosis,	
  cell	
  cycle,	
  cell	
  kine8cs,	
  minimum	
  residual	
  disease,	
  stem	
  cell	
  
analysis,	
  	
  to	
  name	
  but	
  a	
  few.	
  	
  	
  
	
  

What can Flow Cytometry do? 
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  Flow	
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Basic	data	analysis	and	presentation		

Charles	University,	2nd	Faculty	of	Medicine,	
Prague,	Czech	Republic	
Dpt.	of	Pediatric	Hematology	and	Oncology	
	

-	Childhood	Leukemia	Investigation	Prague	

Tomáš	Kalina	



Outline	

o  Graphs	and	visualisation	
o  Gating	controls	
o  FCS	datafiles	–	keywords	
o  Complex	data	visualisation	(data	reduction:	PCA,	tSNE)	



Data	display	-	graphs	

Pseudocolor	plot	

Contour	plot	

Histogram	

Dot	plot	

Flowjo	software	(Mac)	

Infinicyt	software	

Radar	Plot	

Kaluza		



Basic	graphs	

FlowJo	(Mac)	



Data	display	-	logicle	

Other	names:	
Log-linear	transformation	

Logicle	display	
Biexponential	(DiVa)	
VisiComp	(Summit	4,3)	

Herzenberg, L. A., J. Tung, et al. (2006). 
"Interpreting flow cytometry data: a guide 
for the perplexed." Nat Immunol 7(7): 
681-5.   



Gating	controls	

Diva	software	



Gating	controls	



Gating	controls	



Gating	templates	
Flowjo	software	(Mac)	



Basic	concepts	

•  FCS	datafiles	
•  What	are	they,	how	to	use	Keywords	

	



What	is	a	FSC	datafile	?	

KEYWORDS	
($DATE,	$TOT,	
$SAMPLEID…..	

$P1S,	$P1N,	$P1V,		)	
	

HEADER	(FSC	3.0)	etc	
(text)	

DATA	
row	=	cell	

Column	=	parameter	
(compressed)	



KEYWORDS	in	FCS	

	
$DATE			acquisition	date	
$BTIM			Clock	time		
$TOT					event	count		
	
$SAMPLEID	
$PATIENT	ID	
$FIL		orig	file	name	
	
$P1S,	$P1N,	$P1V,			
	
$SPILLOVER	comp	matrix	

$BTIM	Clock	time	at	beginning	of	data	acquisition.	
….	
$CYT	Type	of	flow	cytometer.	
$CYTSN	Flow	cytometer	serial	number.	
$DATE	Date	of	data	set	acquisition.	
$ETIM	Clock	time	at	end	of	data	acquisition.		

$EXP	Name	of	investigator	initiating	the	experiment.	
$FIL	Name	of	the	data	file	containing	the	data	set.		

$OP	Name	of	flow	cytometry	operator	

$SPILLOVER	Fluorescence	spillover	matrix.		

http://isac-net.org/PDFS/90/9090600d-19be-460d-83fc-f8a8b004e0f9.pdf	



KEYWORDS	in	FCS	

$P1N			…	par	name….	
$P1S				…	par	stain	….	
$P1V			.	par	voltage	..	

FL1	
CD3	FITC	
550	

FITC	
CD3		
550	

B-530-30	
CD3	FITC	
550	

Parameters	in	FCS	(“labels”):	

Calibur,	
Navios	 Canto,	LSR	



Labels	(Diva)	



SAMPLE	ID	/	PATIENT	ID	



Compensation	matrix	



Export	data	as:	

FCS	3.0	
	



Other	Diva	formates	

“experiment”	
->	XML	files	

Ukládá	veškeré	informace	o	analýze	(gaty,	ploty	atd)	I	o	akvizici	–	templát	pro	experiment	
Není	ve	formátu	FCS	3	–	chybí	např	vyplněná	keywords	



XML	soubor		



Other	formats:	Navios/LMD	

“LMD”	
->	double	FCS	file	

First	piece:	
FCS	2.0	file	–	simple,	less	resolution,	fixed	comp	
	
Second	piece:	
FCS	3.0	file	–	full	resolution	data,	without	“keywords”	



Annotation	of	FCS	

Sample	ID	
Patient	ID	
Condition		
Day	post	TX	

Keywords	in	datafiles:	

Diva	software	



Annotations	in	Analysis	

Groups	by	
Keywords	

Annotation	in	
Layouts	

Keywords	for	
table	

Keywords	in	
tables	

Flowjo	software	(Mac)	



FMO	(logarithmic)	

Quiz	

NG2		(logarithmic)	 NG2		(logicle)	

FMO	(logicle)	

CD
7	
FI
TC

	



Gating	controls	

•  Isotype	controls	(sticky	cells)	
•  FMO	controls	(multicolor,	compensated	data)	
•  Sample	comparisons		

(stimulated,	unstimulated)	



Overview	gating	and	histogram	comparison	

Irish,	J	Immunol.	2006	
Cytobank	software	



Bulk	(batch	analysis)	
ISHAGE	protocol	CD34+	for	HSCT	

Aim:		
Robust	protocol	for	analysis	(analyst	independent)	
Optimal	gating	(ISHAGE)	and	its	visual	control	
Statistics	–	easy	to	export	
	

Software:	
FlowJo	(Mac)	
	

Gating	strategy	(copy,	paste,	apply	to	group)	
Layout	(gates)	
Table	(statistics)	





ISHAGE	protocol	
Layout	in	FlowJo	



Drag	&	Drop	

Copy	&	Paste	



Scroll	down	

Adjust	if	needed	



Backgating	

0 101 102 103

<FL 8 Log>: CD34-APC

0

20K

40K
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34+ gate R2
0.0993

0 101 102 103
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S
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45+ gate R1
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*
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0 101 102 103
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S
S

 L
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S

34+ gate R2
0.0993

non cytocount
45+ gate R1

non cytocount
45+ gate R1
34+ gate R2

Check	parental	gates		by	backgating	

Wrong	position	of	CD45+	gate!!!	
by	backgating	

0 101 102 103

<FL 8 Log>: CD34-APC

0

20K

40K

60K

SS
 L

in
: S

S

34+ gate R2
0.505

Corrected	



Drag	&	Drop	

Create	Table	

Create	formulas	

Calculate	table	



Curse	of	dimensionality	

More	parameters	=>	more	information	
	

è	More	difficult	to	understand	it	
	



64	plots	of	which	28	
are	“unique”	2D	dot	

plots		

8-color	data	–	perplexed!	

Slide	Karel	Fišer	



METHODS	Projection	of	n-dimensions	to	2D	space	
8	color	data	

CD3	

Lymphocytes	

CD
19
	

CD4	CD20	

CD
8	
Ig
La
m
bd

a	

CD
45
	

CD81	

CD
5	

CD16	CD56	



METHODS	Principal	component	analysis	
8	color	data	

CD3	

Lymphocytes	

CD
19
	

Pr
in
ci
pa

l	c
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ne

nt
	1
	

Principal	component	2	



METHODS	
t-Distributed	Stochastic	Neighbor	

Embedding	(t-SNE)		
8	color	data	

CD3	

Lymphocytes	

CD
19
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Flowjo	software	(Mac)	



METHODS	
t-Distributed	Stochastic	Neighbor	

Embedding	(t-SNE)		
8	color	data	
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t-SNE	2	

Parameter	as	color:	

CD
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CD4	 Flowjo	software	(Mac)	



METHODS	LEUKEMIA			(t-SNE)	

DiGiuseppe,	J.	a,	Tadmor,	M.	D.	&	Pe’er,	D.	Detection	of	minimal	residual	disease	in	B	
lymphoblastic	leukemia	using	viSNE.	Cytom.	Part	B	Clin.	Cytom.	88,	294–304	(2015).	



METHODS	

IMMATURE	

NAIVE	CELLS	

NAIVE	CELLS	

IGM+IGD+	
	MEMORY	CELLS	

IGM-IGD-		
MEMORY	CELLS	

PLASMABLAST	CELLS	

B	cells’	subsets	(t-SNE)	

Principal	component	analysis	

Fast,	linear	

Hiding	small	
Infinicyt	software	



NAIVE	CELLS	CD5+	

NAIVE	CELLS	CD5-	

IGM+IGD+	
	MEMORY	CELLS	

IGM-IGD-		
MEMORY	CELLS	

PLASMABLAST	CELLS	

IMMATURE/TRANS	

t-SNE		
2Dmap	

Principal	component	
analysis	

Projection	of	n-dimensions	to	2D	space	

Representing	all	events	

Slow,	non-linear	Infinicyt	software	/	R	



Hierarchical	Clustering	Analysis	
	Re-order	the	data	

1 
2 
3 
4 
5 
6 
. 
. 
. 

156 
34 
542 
4 
102 
9 
. 
. 
. 

Parameters: 
 
A B C D E F G H 

Parameters: 
 
A B C D E F G H Events 

(cells) 

heatmap heatmap Dendrogram  

(hierarchical tree) 
Fiser,	Cytometry	(2012)	

R-project	software	



Data	analysis	-	>	
Cytometry	standardization	

3.			Reagents	
	fixed	clone,	fluorochrome,	titer,	incubation	time	

1.  Sample	prep		
Standard	Operating	Protocol	(SOP)	

2.			Instrument	setup	SOP	

van	Dongen	et	al.,	Leukemia,	2012	
Kalina	et	al.,	Leukemia,	2012	
www.euroflow.org	



Signal	position	x	PMT	voltage	

We	aim	for	a	signal	at	the	same	position	
20140914 Workspace.jo Layout
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•  Beads	are	ideal	for	that	
	(Rainbow,	CST)	

(Rainbow	are	not	spectrally	matched)	



Standardization	–	what	is	it?	

4.	Data	acquisition	

5.	Data	analysis	



Polychromatic	space	analysis	
Cohort	analysis 

8-color	B-cell	profile	
98	CVID	patients	and	47	healthy	controls	

Kalina,	Cytometry	A,	2009.	
Stuchlý,	Sci	Rep,	2017		



Cluster	of	patients	according	to	the		
B	and	T	cell	profile 



What	are	the	major	features	
	of	the	cluster	in	known	gates? 



Data	analysis	tools	for	cohorts	

FCS	file	number	->	

CD
10

3	
CD

30
5	

CD
20

0	

Kalina,	Cytometry	A,	2015	

QA		-	comparison	to	
expected	fluorescence	

Common	gating	

Cohort	-	univariate	

Cohort	-	multivariate	

Algorithmic	analysis	

Layout	+	Batch	analysis	



Software	-	overview	

Ø  FlowJo	(Mac	&	Win)	–	batch	gating,	statistics/tables,	overlays,	
stacked	histograms,	t-SNE	(PCA)	

Ø  Diva	–	layouts/batch	
Ø  Kaluza	–	Radar	plot,	Tree	plots,	layouts			?	
Ø  Infinicyt	–	PCA,	databases	-	automated	analysis	
Ø  Cytobank	–	ViSNE,	SPADE,	histograms	
Ø  Summit	
Ø  R-project	

Ø  FCS	Express	
Ø  Flowing	software	
Ø  Cyflogic	
Ø  Cytospec	and	PlateAnalyzer	



Hardware	

Dataserver	(few	Tb)	
	
PC			(as	for	games,	no	audio)	

SSD	disk	(prevent	overfilling)	
RAM	(16GB	or	more)	
Fast	graphics		
Good	monitor	
	

	
	
	

Tip:	Software	and	hardware	is	expensive,	add	it	to	instrument	purchase	



Sharing	the	knowledge	

Ø Quality	description	of	experiments	

https://flowrepository.org/	

Ø  FCS	data	availability	



	
Fluorochromes,	Spillover	and	Compensation	

Zosia	Maciorowski	
Insitut	Curie	
Paris,	France	

Basic	Multicolor	Flow	Cytometry		
	



Excitation spectrum 

Each fluorochrome is capable of absorbing light energy 
over a specific range of wavelengths

FITC can absorb 
energy at all these 
wavelengths 
but absorbs best at 
it’s excitation max: 
495nm

Excitation maximum

495	
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Wavelength	
500 600



Emission spectra 

520	
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Wavelength	
500 600

Emission maximum FITC will fluoresce 
at all these 
wavelengths 
but highest at 
520nm

Each fluorochrome is also capable of emitting light energy 
over a specific range of wavelengths



Tandem Dyes have 2 fluorochromes coupled together 

In
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ity

 

Wavelength 

Emission from 1 
Absorption by  2 

Fluorescence ! 

Donor fluorochome 1 Acceptor fluorochrome 2 

excitation 

overlap 

Fluorochrome	1	

Fluorochrome	2	

Energy	Transfer	
The	1st	fluorochrome	transfers	it’s	absorbed	energy	to	the	2nd	fluorochrome	
	



Tandem Dyes: conditions  

Energy transfer:
•  Effective between 10-100 Å only
•  Emission and excitation spectrum 
must significantly overlap
•  Donor transfers non-radiatively to the 
acceptor



Tandem dyes: caution 

•  all tandems are not the same. 

•  Some batches of tandems have better coupling and 
therefore better energy transfer than other batches. 

•  This means there is more or less leakage from the first 
fluorochrome

•  More or less compensation will be necessary in that 
emission channel.

•  ALWAYS use the same tandem in your single colors as 
you use in your mix!!



Commonly	used	tandems	

PE-Cy5	
	
PerCP-Cy5.5	
	
PE-Texas	Red	
	
Pe-Cy7	
	
APC-Cy7	
	
Brilliant	(Sirigen)	dyes	(Brilliant	Violet)	



Choosing	Fluorochromes:	which	lasers	and	filters?	

•  Look	at	the	excitation	spectra	to	determine	which	lasers	can	
be	used	to	excite	the	fluorochrome.	

•  Look	at	the	emission	spectra	to	determine	which	filters	should	
be	used	to	collect	the	signal.	



Laser wavelengths on typical cytometers 

400       450              500            550                 600            650                  700 
Wavelength (nm) infrared ultraviolet 

blue	uv	 violet	 red	yellow	green	

FITC,	PE	 PE,	PE-Cy5,	RFP	 APC,	APC-Cy7	DAPI,	BV421	BUV395	



Look at the excitation spectra of your fluorochromes 



Laser										355							405														488													561													640	

PE	

APC	

BV421	

	PE		has	a	wide	excitation	
spectrum,	excited	by	the	488	
laser,	but	more	efficiently	
with	the	561	
	
	
APC	is	excited	by	the	640	but	
also	a	little	by	the	561	
	
	
	
	
	
BV421	is	excited	best	by	the	
405	laser	but	also	a	little	by	
the	355.			

Fluorochromes	can	be	excited	by	different	lasers.		

Excitation	wavelength	nm	



Emission spectra 
 
 

Look at the emission spectra of your fluorochromes 
 

Make sure the filters on your cytometer correspond to 
the maximum emission 

 
Fluorochromes excited off the same laser should not 

have overlapping emission spectra 



Blue Laser ~ 488nm 

PE-CF594	

PE-Texas	Red	

PE	

FITC	

PerCP	

PerCP-Cy5.5	

PE-Cy7	

You	can’t	use	these	2	colors	together	

Or	these	



APC	 Red	Laser	~	640nm	

Alexa	Fluor	647	

Alexa	Fluor	700	

BD	APC-H7	

Or	these	



Violet Laser ~ 405nm BV	421	

HV450	

V500	

BV	605	

Or	these	



•  http://www.bdbiosciences.com/us/s/
spectrumviewer	

•  http://www.biolegend.com/spectraanalyzer	
•  https://www.thermofisher.com/cn/zh/home/
life-science/cell-analysis/labeling-chemistry/
fluorescence-spectraviewer.html	

Lots	of	“spectral	viewers”	online	



How	bright	is	your	fluorochrome?	

Brightness is intrinsic to the fluorochrome itself 
depends on:    Extinction coefficient (light absorbance)

   Quantum yield (photons out/photons in)	

Fluorochrome	 Extinction	
coefficient	

Quantum	
yield	

Brightness	
x	105	

Brightness	
relative	to	PE	

Size	
Daltons	

PE		 1,960,000	 .84	 16	 100%	 240,000	
PeCy5	 1,960,000	 NA	 NA	 NA	 241,500	
APC	 700,000	 .68	 4.7	 29%	 105,000	
FITC	 75,000	 .5	 0.4	 2%	 389	
BV421	 2,500,000	 .69	 16	 100%	 264	

	



The ability to resolve populations is a function of 
 both background and spread of the negative population. 

Negative population has 
high background  
Dim population not resolved 

Negative population has low 
background but high spread 
(SD) 
 Dim population not resolved 

“Negative” Dim Bright 

Negative population has 
low background 
 populations well resolved 

We	need	to	distinguish	unstained	from	dimly	stained	in	a	mixture.		

Resolution	



•  Used	to	quantify	detection	sensitivity	and	
background	

•  Q:	number	of	photoelectrons	produced	per	
molecule	of	fluorochrome:	sensitivity	

•  B:	electronic	and	optical	background	when	no	
fluorochrome	is	present	

•  Best	detection	when	high	Q	and	low	B	

Q	and	B:	criteria	for	cytometer	performance	



Stain	Index:	How	well	separated	are	your	populations	

Stain	index	is	a	measure	of	reagent	performance	on	a	specific	cytometer	
	
Affected	by	fluorochrome	brightness	AND	instrument	characteristics		

negative

negativepositive

rSD2
medianmedian

Index Stain 
×

−
=

390.5
972

10275852 Index  Stain =
×

−
=

Brightness 

Width of negative 



Stain	Index	Comparisons	

   Reagent CD4 Clone Filter 
Set 

Stain  
Index 

Relative  
Brightness 

(compared to PE) 

PE RPA-T4 585/40 305 100.00% 

PE-Cy5 RPA-T4 695/40 198 81.63% 

PerCP RPA-T4 695/40 30 16.66% 

APC RPA-T4 660/20 263 8.21% 

FITC RPA-T4 530/30 43 1.74% 

Pacific Blue™ RPA-T4 440/40 63 1.5% 

•  APC has a higher stain index than PE-Cy5 even though 1/10th as bright 

•  Due to less noise in red laser, thus background width is lower and stain 
index higher. 

Stain	Index	on	Cytometer		A	



	Stain	Index:	instrument	variation	

Due	to	cytometer	differences	in:	
	 	Laser	configuration	and	power	
	 	Laser	and	optical	alignment	
	 	Dichroic	mirrors	and	filters	
	 	PMT	sensitivity	(Q)	
	 	PMT	background	(B)	



	
	
Despite	cytometer	differences	
fluorochromes	can	still	be	grouped	into	
	
Brightest			
Bright	
Medium	
Dim	
	
		
As	in	this	chart	which	is	based	on	an	
average	of	different	cytometers	

Relative	Brightness	



Titration	and	PMT	voltage	
These	can	affect	your	stain	index		



Titrate	your	antibodies!	

It	is	essential	for	all	your	antibodies	to	be	correctly	titrated!!	

Purpose:	to	find	the	optimal	concentration	for	each	antibody	to		

	Maximize	your	stain	index	

	Maximize	your	separation	of	dim	populations	

	Minimize	cost	(antibodies	are	expensive!)	

	

You	should	not	depend	on	the	manufacturer’s	recommendation.	

They	test	certain	cells	and	conditions,	maybe	not	yours.		
	



1.	Serial	dilution	of	your	antibody:	

	Start	at	2-4x	the	manufacturer’s	recommendation	

	Do	8-12	doubling	dilutions	

2.	Add	your	cells	of	interest	

	in	the	same	conditions	as	your	experiment	

	 	i.e.	same	fixation	and	permeabilisation	

	must	have	cells	that	are	antigen	positive	and	negative	

3.	Wash	and	run	on	cytometer	

4.	Calculate	stain	index	or	signal/noise	for	each	dilution	 		

How	to	titrate	



		50				100				200						400			800			1600	
											Antibody	Dilution	
	

Titration		
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neg	

pos	



Titration	

Goal	is	to	maximize	the	signal	(positive	population)	to	noise	
(negative	population)	ratio.	

optimal	



Titration	CD3	surface	vs	CD3	cytoplasmic	

Surface	CD3	

Cytoplasmic	CD3	

Antibody	concentration	

20																																							.04	

20																																							.04	

best	

St
ai
n	
In
de

x	

high	 	 									Antibody 	
	low	

Concentration	

best	



healthy PB surface amitav.002

CD19 FITC
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Anti-Myeloperoxidase (MPO) FITC

C
D

3 
AP

C

100 101 102 103 104
100

101

102

103

104

Surface	CD3	APC	(3ul):	
	low	background	

Cytoplasmic	CD3	APC	(3ul):	
	high	background	

Increased	Background	in	Fixed	Cells	

due	to	sample	processing	
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3	
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C	
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3	
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Titer	is	affected	by	
Staining	volume	(example:	100	mL)	

•  Number	of	cells	(not	critical	up	to	5x106	at	100	mL	volume)	

•  Staining	time	and	temperature	(example:	30	min	RT)	

•  Type	of	sample	(whole	blood,	PBMC,	cell	line)	

•  Scaling	up	to	lots	of	cells:	rough	rule	of	thumb	

• Double	the	antibody	concentration	for	every	increase	
of	every	25-50	x106	cells		

	



PMT	voltage	(gain)	settings	

Gain	or	PMT	voltage	setting	affects	sensitivity	

Best	gain	should	be	determined	for	each	detector	on	each	cytometer	

	

Different	ways	to	do	this:	

1.  Voltration:	Set	PMT	voltages	to	maximize	Stain	Index	with	comp	
beads	or	stained	cells 	 	 		

2.	using	electronic	noise	and	linearity	criteria	(CST	values)	

	 	set	PMT	voltage	so	that	

	 	 	1.	unstained	cells	have	2.5	X	SD	of	electronic	noise	

	 	 	2.	positive	cells	not	above	max	linearity	
	



Voltration:	choose	the	best	stain	index	(SI)	
550v	500v	 600v	 650v	

SI:	271	 350	

300  													voltage														800	
	

379	 369	

Increase	of	background	spread	
	at	higher	voltages	



Voltration	Example:	FITC	detector	

FITC Detector (SDEN = 20) 



BV421 Detector (SDEN = 22) 

Events	should	NEVER	be	off	the	top	of	the	scale	

Voltration	Example:	BV421	detector	



Best	Gain	Settings	

•  An	issue	for	everyone:	An	entire	well	attended	
workshop	was	devoted	to	setting	gains	at		recent	CYTO	
meeting	

•  Compared	several	ways	of	best	gain	determination	
•  	Most	systems	did	not	differ	greatly	in	best	gain	result	
•  Autofluorescence	affected	best	gain	

– Gains	on	lymphs	or	beads	not	the	same	as	highly	
autofluorescent	cells	

– may	need	to	determine	best	gain	separately	on	very	
autofluorescent	cells	



Spectral	Overlap,	Spillover	
and	Compensation	

Zofia Maciorowski
Flow Cytometry Core Facility
Curie Institute
Paris, France



Fluorochrome	Emission	Range	
Fluorochromes	absorb	and	emit	over	a	range	of	wavelengths		
specific	to	each	fluorochrome	



Fluorescence	Spillover	

Emission	of	FITC		
in	PE	channel	

These	are	the	optical	filters	in	which	each	fluorochrome	is	detected:		
the	longer	wavelength	emission	from	FITC	is	seen	in	the	PE	detector			

Emission		



Fluorescence	Spillover	

Emission	of	FITC		
in	PE	channel	

Thus	part	of	the	emission	measured	in	the	PE	detector	is	due	to	FITC	emission	
But	we	need	to	measure	each	fluorochrome	separately	

Emission		



FITC	

PE
	

This	is	a	single	color	control	stained	only	with	FITC.	
		
	
	
	
	
There	is	no	PE	in	this	sample!		
	
The	PE	signal	we	see	
is	FITC	fluorescence	
	coming	through	
	into	the	PE	detector.	

?	

The	Spillover	Effect:	FITC	into	PE	



So	what	do	we	do?	

We	compensate!	
	
Compensation	is	a	mathematical	correction	that	is	
applied	to	correct	for	spillover	from	other	
fluorochromes	so	that:	
	
The	true	PE	signal	=	
observed	PE	signal	–	contribution	(x%)	of	FITC	signal		



Median	68	

Median	5149	

Compensated:	
Comp	value	63	

FITC	(Primary	detector)	

PE
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Uncompensated	

Median	56	

Median	61	

Spillover	is	corrected	by	Compensation	

The	median	intensities	
	of	the	positive	and	negative	populations	
	in	the	each	channel	are		measured.	
	
		
	
	
Compensation	is	applied	so	that	
the	PE	median	of	the	FITC		positive		
population	
is	the	same	as	
the	PE	median	of	the	FITC	negative	
population.	
	



	How	is	Compensation	Calculated?	

based	on	the	slope	of	the	line	between	
the	positive	and	negative	medians	
	
Actual	calculation	complicated:		
						uses	inverted	spillover	matrix	
						matrix	algebra	
							
	
Compensation	is	not	a	simple	percentage:	
	 	values	of	over	100%	

	are	possible	
	not	necessarily	a	cause	for	concern	
		



Compensation	

•  The	contribution	of	light	signal	from	all	other	
fluorochromes	must	be	measured	using	single	color	
controls	for	each	color	in	the	mix.		

•  Compensation	is	more	accurate	using	automated	
software	than	manual,	because	the	automated	corrects	
for	spillover	of	all	fluorochromes	into	all	channels	
simultaneously.	



Adjacent	spectra	

Tandems	and	their	bases	

Cross	laser	excitation	
BV711	excitation	

PE-Cy5	into	PE	

BV711	into	BUV737	

405	355	

FITC	into		PE	
PE	emission	

PE	emission	 PeCY5	emission	

FITC	emission	

PE	filter	

Laser	lines	 BUV737	filter	

2	

1	

3	

Three	Sources	of		Spillover	



Tandem	
			base	

Cross	
laser	

Adjacent	
Spectra	

Who	spills	into	what?	



APC	single	color	
Look	where	it	spills!!	There	is	only	APC	in	this	tube	



PE-Cy5	Single	Color	
Look	where	it	spills!!	There	is	only	Pe-Cy5	in	this	tube	
Which	categories	of	spillover	apply	here?	

PE-Cy5	 PE-Cy7	

PE	APC	 Alexa700	



PE-Cy5	 PE-Cy7	

PE	APC	 Alexa700	

Spillover:	PE-Cy5	Single	Color	

Adjacent	spectra	

Cross	laser	excitation	 Tandem	base		

You	can	a	good	idea	of	where	there	will	be	a	spillover	problem	
	by	looking	at	the	excitation	and	emission	spectra	

Lasers	488								561								633	



Correctly	compensated	
24.02%	

Median	37	

PE-Texas	Red	single	color	control	

Median	404	Median	36	 Median	-850	

Overcompensated	
25.3%	

Undercompensated	
23.7%	

PE
	(s
pi
llo

ve
r)
	

PE-Texas	Red	

Over	and	under	compensation	

Never adjust a compensation ‘by eye’:  Always use median statistics 



uncompensated	 compensated	

Correct	Compensation:	the	end	result	

Looks	like	3	double	positive	populations! 	But	it’s	not	the	case	
	 	 	 	 	 	when	compensated	



The	Bi-exponential	Scale:	
						The	best	way	to	look	at	compensated	(or	uncompensated)	data	

Standard	Log	Scale	

0 100 1000 10000 1x10 5
<FITC-A>

0

100

1000

10000

1x10 5

<P
E-
A
>

Biexponential	Scale	 This	example	of	the	same	data	shows	the	value	of	
the	Biexponential	Scale-		a	mostly	logarithmic	
scale	on	the	upper	end,	linear	at	the	low	end	and	
symmetrical	about	the	negatives	

Compensated	single	positives	are	continuous	
All	populations	are	visible.	

10 100 1000 10000 1x10 5

PE-A

0

1000

10000

1x10 5

<P
E-
A
>

Log	Plot	

Bi
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Linear	

Visualization	of	compensated	data	is	
greatly	improved	using	the	
biexponential	scale.	

These	look	like	two	
separate	populations.	

This	population	“looks”under	
compensated.	



	
	

Always	show	axis	ticks	on	plot,	include	‘0’	if	you	are		
using	bi-exponential	data	display	

SCALING	OPTIONS	

-10	-1000	

You	can	choose	the	scaling	for	bi-exponential	to	show	more	or	less	of	what	is	below	0	



How	to	do	Compensation	

Single	color	controls	must	have	

	a	negative	population	and	a	population	positive	in	one	channel	only	

You must have a good single color control for each color used!	



3	Rules	for	Compensation	

  
1. Compensation control antibody must be the same as the 

one in the experiment mix 
 
2. The positive control must be at least as bright as the 

experimental sample  
 
3. The negative and positive populations for each single color 

control must have the same autofluorescence.  
 
 
A nice discussion: http://flowjo.typepad.com/the_daily_dongle/

tips_and_tricks/ 



Single	color	control	antibody	must	have	the	same	spectral	
characteristics	as	the	antibody	in	the	mix.	

	
Similar	fluorochromes	have	different	spillover	values	
	 	FITC	is	not	Alexa	488	is	not	GFP!	
	

Same	antibody	rule	is	critical	for	Tandem	reagents:	
		Different	lots	of	the	same	antibody	have	different	spillover	
	Tandems	can	degrade	over	time	or	in	light	
	Degraded	tandems	will	have	more	spillover	from	the	base	
		
	
	

	Rule	#1:	single	color	antibody	must	be	the	same	as	mix	



FITC		 Alexa	488	

FITC/Alexa	488	(B530/30)	

PE	

FITC	and	Alexa	488	
Both	measured	in	the	green	channel	
Emission	spectra	look	almost	the	same	

	Rule	#1:	FITC	vs	Alexa	488	

Not	in	the	eyes	of	the	cytometer!	
	
Compensation	calculated	
using	a	FITC	single	color		
results	in	overcompensation	when	
applied	to	Alexa	488	

When	Green	is		not		just	Green		



Correctly	compensated	 Undercompensated	Overcompensated	

A	 B	 C		

dim	
bright	

Small	errors	in	compensation	using		a	dim	single	color	control	
can	result	in	large	compensation	errors	with	bright	populations	

The	most	positive	populations,	whether	in	the	single	color	or	
mix,	
must	be	within	the	range	of	linearity	of	the	detector	

	Rule	#2:	the	single	color	must	be	as	bright	as	the	mix	



    Bright signals provide more accurate compensation values 
  
 

 
Correct compensation 

Bright population used 
for compensation 

 
Incorrect compensation 

Dim population used 
for compensation 

Correct compensation 

Difference in MFI (Y-Axis) negative vs positive  

Under-compensation 

7 
4 85 

5 8 
245 



	Rule	#3:	Positive	and	negative	must	have	same	autofluorescence	

Can	use	antibody	stained	cells	or	beads	as	compensation	controls	
BUT	the	negative	control	must	have	the	same	autofluorescence	
	 		

•  beads	with	beads	
	 		

•  cells	with	cells,	same	subset	of	cells	
	 	 	use	CD3+	lymphocytes	to	CD3-	lymphocytes.	

	 	 	don’t	use	CD3+	(lymphocytes)	and	CD3-	 	
	(monocytes,	granulocytes)	

	
Don’t	use	beads	and	cells	to	compensate	a	single	fluorochrome	



Lymphocytes	

Beads	

Cells	

Beads	
Monocytes	

The	slope	of	the	line	used	to	calculate	compensation	is		different,	
	depending	on	which	negative	autofluorescent	population	is	used.	
		
A	mismatched	negative	will	generate	an	erroneous	compensation	correction.		

Rule	#	3:	Same	Autofluorescence	



Compensation	Controls	–	Cells	

Single	color	stained	cells	
	Pros:	
	 	Best	possible	match	of	spectra	

	Works	with	all	fluorochromes	
	
Cons:	problematic	when		

Not	enough	cells	available		
	the	antigen	expression	is	not	known	or	dim		
Few	cells	express	antigen	



Compensation	Controls	–	Beads	
Attach	to	most	antibodies	
Give	bright	positive	population	
For	most	fluorochromes	give	the	same	SOV	as	cells	
Use	beads	in	same	conditions	as	cells,	fixation,	detergent		



Compensation	beads	

•  Several	kinds	on	the	market	from	different	
companies	

•  Available	for	various	situations	
– Live	dead	amine	dyes 		
– Compbeads	plus:	to	match	high	autofluorescence	
– Low	autofluorescence	beads	for	violet	laser	
– GFP	and	Cherry	beads	



Considerations When Using Compensation Beads 

Beads	are	a	surrogate	for	cells,	They	not	a	perfect	match.	
There	can	be	minor	differences	in	spillover	
Compensation	beads	do	not	provide	accurate	spillover	values	when	
used	with	certain	fluorochromes.	
	
This	is	often,	but	not	always	stated	in	the	antibody	product	sheet		
For	example	V500	and	BUV737		

	
	

HuCD4		

BUV737	Spillover	into	

BUV395	 BV711	 BV786	 APC	 AF700	 APC-H7	
Cells		 2%	 4%	 3%	 0%	 47%	 12%	
Beads	 2%	 5%	 4%	 1%	 56%	 14%	



Caution!	
	

Compensation value is dependent on: 
  the PMT voltage of the fluorescent parameters 

 
 
Never change PMTV for fluorescent parameters after compensation   

PMTV = FITC Increased by 5 V 

PMTV = FITC Decreased by 5 V Correct Compensation 

132 

49 
64 



What	is	an	acceptable	Compensation	Value?	

825% 165% 44% 

No 
Comp 

-50 V Ref +50 V 

These	is	the	same	tube	run	at	3	different	PMT	Voltages	
The	compensation	value	changes	greatly		

The	result	is	the	same	

Comp 



Check	your	compensations	

•  Good	compensation	dependent	on	good	single	colors!		
•  Look	at	your	single	colors	with	compensation	applied	
•  All	colors	against	all	colors	
•  Make	sure	they	look	right,	no	leaners!	
•  Correct	manually	if	necessary	
	But	only	on	the	single	colors!	

•  Then	apply	corrected	values	to	experimental	data	
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Fluorescent	minus	one	(FMO)	controls	

•  Fluorescence	Minus	One	(FMO)	controls	contain	
all	the	fluorescent	markers	except	one.	

•  Typically	controls	for	increased	background	due	
to	spectral	spillover	related	data	spread	

•  For	low	density	or	smeared	populations	(eg,	
activation	markers),	FMOs	allow	accurate	
delineation	of	positively	vs	negatively	stained	
cells	



 
•  An FMO (fluorescence minus one) is now considered to be the best control for 

determining where the threshold for positive cells is. 

•  An FMO includes all of the fluorochromes in an experiment except for the one 
of interest  which requires a threshold for positivity. 

•  A good explanation at: 
http://flowjo.typepad.com/the_daily_dongle/2011/09/fmo-vs-isotype-
controls.html 

Controls:		FMO	



Summary	

•  Know	your	cytometer	

•  Choose	your	fluorochromes	carefully	for	
	excitation,	emission	and	brightness	

•  Look	at	spectra	to	determine	possible	spillover	problems	

•  Good	compensation	is	crucial	

•  Good	compensation	is	dependent	on	good	quality	controls	

•  Gating	on	positive	should	be	done	on	FMOs	for	difficult	
antigens	



rSD	76		

rSD	582	

rSD	925	

rSD	75		

PE	

PE-TxR	

Good	news:		
You	can	correct	for	spectral	spillover	by	compensation		

Bad	news:		
You	cannot	eliminate	‘spread’	in	the	positive	population	



Reference:		
	
Maciorowski,	Z.,	Chattopadhyay,	P.K.,	&	Jain,	P.	(2017).	Basic	multicolor	
flow	cytometry.	Current	Protocols	in	Immunology,	117,	5.4.1–5.4.38.	doi:	
10.1002/cpim.26	
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DESIGNING	
  A	
  MULTICOLOR	
  PANEL:	
  Fluorochromes	
  Galore!	
  
	
  

But how to combine them for multicolor experiments? 

FITC 

AF488 
PE 

AmCyan 

Pacific BlueTM7-AAD 

AF350 

DAPI 
BDHorizonTM 

V450 

BD HorizonTM 

V500 

AF647 

PE-CyTM5 
PerCP-CyTM5.5 

APC 
AF700 

PE-CyTM7 

APC-CyTM7 

BDTMAPC-H7 

CFSE 

PI 





1.	
  Know	
  your	
  cytometer:	
  lasers	
  and	
  filters,	
  what	
  is	
  possible	
  
	
  
2.	
  Know	
  your	
  an$gens:	
  priority,	
  expression	
  and	
  density	
  
	
  
3.	
  Match	
  fluorochrome	
  brightness	
  with	
  an$gen	
  density	
  	
  

	
  low	
  density	
  an$gens	
  need	
  bright	
  fluorochromes	
  	
  
	
  high	
  density	
  an$gens	
  are	
  ok	
  with	
  dim	
  fluorochromes	
  

	
  
4.	
  Look	
  at	
  coexpression	
  of	
  2	
  or	
  more	
  an$gens	
  on	
  same	
  cell	
  
	
  
5.	
  If	
  there	
  is	
  coexpression:	
  	
  	
  

	
  choose	
  fluorochromes	
  very	
  carefully!	
  
	
  avoid	
  high	
  spread	
  situa$on	
  from	
  a	
  high	
  expressor	
  into	
  a	
  low	
  expressor.	
  

	
  

How	
  to	
  choose	
  fluorochromes	
  



Your	
  fluorochrome	
  choice	
  will	
  be	
  determined	
  by	
  your	
  cytometer	
  
	
  Know	
  what	
  colors	
  you	
  can	
  use	
  before	
  you	
  start	
  

	
  
You	
  may	
  have	
  a	
  choice	
  of	
  different	
  cytometers	
  	
  

	
  Lots	
  of	
  lasers	
  are	
  good	
  even	
  if	
  you	
  don’t	
  need	
  all	
  the	
  colors	
  
	
  High	
  laser	
  power	
  is	
  good;	
  you	
  will	
  get	
  beSer	
  resolu$on	
  of	
  weak	
  staining	
  
	
  OUen	
  filters	
  can	
  be	
  easily	
  changed	
  to	
  improve	
  your	
  sensi$vity	
  

	
  
Know	
  your	
  cytometers	
  

	
  Characterize	
  stain	
  index	
  and	
  SSM	
  (your	
  core	
  facility	
  may	
  have	
  done	
  this)	
  
	
  These	
  will	
  be	
  different	
  from	
  machine	
  to	
  machine	
  	
  

	
  
If	
  you’re	
  planning	
  on	
  sor$ng	
  these	
  cells	
  in	
  the	
  future,	
  remember	
  stream	
  in	
  air	
  
sorters	
  oUen	
  have	
  lower	
  sensi$vity	
  
 

	
  .	
  	
  

Cytometer	
  Configura$on	
  



2.	
  Classify	
  your	
  an$gens	
  	
  
	
  

	
  1°high	
  density,	
  on	
  or	
  off	
  	
  
	
  

	
  2°high	
  density,	
  con$nuum	
  staining	
  
	
  

	
  3°low	
  or	
  unknown	
  density	
  
	
   	
  .	
  	
  

CD4 (1°) 

CD45RO (2°) 

CD45RA (2°) 

CD25 (3°) 

An$gens:	
  Priority	
  and	
  classifica$on	
  

1.  Priori$ze	
  your	
  markers:	
  
	
  

	
  Which	
  	
  ones	
  are	
  necessary	
  
	
  

	
  Which	
  ones	
  are	
  luxury	
  



+ 

+ 

+++ 

+ 

++ 

+++ 

++ 

++ 

Expressi
onLevel 

2.000 CD80 

10.000 CD56 

200.000 CD45 

18.000 CD19 

110.000 CD14 

124.000 CD8 

100.000 CD4 

90.000 CD3 

Antigen-
Density 

 

Antige
n 

Antigen-expression High / Intermediate / Low: 
                                +++   /         ++        /   +  

What is your Antigen Density? 

Find	
  literature	
  data	
  for	
  density	
  of	
  an$gen	
  molecules	
  per	
  cell	
  in	
  your	
  system	
  
Low	
  expression	
  an$gens	
  will	
  be	
  most	
  difficult	
  to	
  detect	
  

High 
density 

Medium 
density 

Low 
density 

PE 

PE 

PE 

CD4      

CD19 

CD25 



A	
  list	
  of	
  an$gen	
  density	
  for	
  300	
  an$gens	
  is	
  being	
  elucidated	
  by	
  BD	
  
and	
  will	
  be	
  published	
  in	
  the	
  near	
  future	
  



CD3  PE 

CD19  PE 

CD45  PE 

CD80  PE 

Choose your fluorochromes based on antigen density 

CD3, CD45 and CD19 are all high density 
antigens which don‘t need a bright 
fluorochrome 
Don‘t waste your PE here, use a dimmer 
fluorochrome. 

Here we are using PE-coupled antibodies: PE is a very bright fluorochrome 

CD80 is a low density antigen which needs a bright 
fluorochrome like PE for good resolution of it‘s dim 
staining 



Fluorochrome 
BD Horizon™ V450 

BD Horizon™ V500 

AmCyan 

Alexa Fluor® 488 

FITC 

PE 

APC 

Alexa Fluor® 647 

PE-Cy™5 

PerCP 

PerCP-CyTM5.5 

Alexa Fluor® 700 

APC-Cy™7 

BDTM APC-H7  

PE-Cy™7 

SI 

198 

184 

263 

305 

Use bright fluorochromes to detect 
weakly expressed antigens 

 

122 

64 

99 

68 

65 

Use intermediate to bright fluorochromes to  
detect intermediately expressed antigens, 
or antigens of unknown expression-levels 

 

43 

27 

25 

36 

30 

37 

Use dim fluorochromes to detect highly  
expressed antigens 

 

Pairing Fluorochromes with Antigen Density 
SI	
  (Stain	
  Index)	
  is	
  a	
  measure	
  of	
  staining	
  intensity	
  on	
  a	
  specific	
  cytometer	
  



Is there co-expression? 

Coexpression of 2 or more antigens on the same cell 
   
 can make detection of dim double positives very difficult  

 
 due to spread from multiple fluorochromes 

 
 



Marker 1 

Marker 2 

Marker 3 

+- 

+- +- 

+- +- 
1 2 

From this experiment strategy, it can be seen that cell 1 is positive only for 
marker 3, thus has no co-expression. Cell 2 coexpresses all of the other 
markers, so care must be taken in fluorochrome choice to ensure resolution if 
some of these markers are dim.  

Coexpression 



How	
  to	
  Manage	
  Coexpression	
  and	
  Spread	
  

MARKER	
  B	
  MARKER	
  A	
  

Are	
  they	
  
co-­‐expressed?	
  

No	
  problem	
  with	
  
spillover	
  /	
  spread	
  

NO	
  
A+	
  

Assign	
  fluorochromes	
  based	
  
upon	
  anPgen	
  density.	
  

B+	
  

RelaPve	
  
Expression	
  

Choose	
  Reagents	
  

NO	
  
For B use a bright 

fluorochrome 
For A use a dim 

fluorochrome that causes 
minimal loss of resolution of 

the A+B- population 

YES	
  
SUCCESS	
  

YES	
  
A+	
  
B+	
  

A>>B	
   B>>A	
  

Do	
  you	
  	
  
get	
  good	
  

resoluPon?	
  



CD3 PE-Cy5 CD3 FITC CD3 CD3 PerCP-Cy5.5 

A bad B better  C best 

C
D

56
 A

P
C

 
Co-­‐expression	
  and	
  spread	
  

choose	
  your	
  fluorochrome	
  pair	
  carefully	
  
s	
  
CD56-­‐APC,	
  a	
  low	
  expressor,	
  is	
  shown	
  here	
  paired	
  with	
  3	
  different	
  CD3-­‐coupled	
  fluorochromes.	
  

A.  The	
  high	
  spread	
  of	
  PE-­‐Cy5	
  into	
  APC	
  here	
  prevents	
  resolu$on	
  of	
  the	
  CD56+CD3+	
  cells	
  
B.  Less	
  spread	
  with	
  CD3-­‐PerCP-­‐Cy5.5:	
  resolu$on	
  is	
  beSer	
  
C.  Very	
  liSle	
  spread	
  with	
  CD3-­‐FITC	
  allows	
  good	
  double	
  posi$ve	
  resolu$on.	
  FITC	
  is	
  not	
  bright,	
  

but	
  certainly	
  adequate	
  for	
  a	
  high	
  expressor	
  like	
  CD3	
  
Rule:	
  Choose	
  a	
  dim	
  fluorochrome	
  for	
  high	
  expressor	
  (CD3)	
  which	
  doesn’t	
  spread	
  into	
  low	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
expressor	
  (CD56)	
  channel.	
  Choose	
  a	
  bright	
  fluorochrome	
  for	
  low	
  expressor.	
  	
  	
  
	
  



CD3 

CD4 

CD25 
 

+- 

+- +- 

+- 

+- 
Treg 

Coexpression	
  on	
  Tregs:	
  the	
  real	
  world	
  

CD127 
 

Multiple coexpression here!! 



3	
  different	
  fluorochrome	
  pairs	
  for	
  Tregs	
  

Problem: 
FITC and APC-Cy7 don’t 
have spillover spread  
but they are dim 
fluorochromes 

CD127 and CD25 are both low density antigens 

Problem: 
PE and PE-Cy7 are 
bright fluorochromes, but 
spillover spread from PE-
Cy7 into PE diminishes 
resolution 

PE and APC are bright 
fluorochromes with little 
spread. 



Strategies	
  to	
  deal	
  with	
  spread	
  

 

•  Use a brighter fluorochrome on the weak antigen 

•  Use a fluorochromes that don’t overlap 

•  Dim the staining on the bright coexpressed 
antigen by diluting the conjugated antibody 



How	
  To	
  Minimize	
  the	
  Impact	
  of	
  Fluorescence	
  Spillover	
  to	
  Maximize	
  
ResoluPon	
  	
  

Use a brighter 
fluor for CD56 

Dilute the CD3 
with 

unconjugated 
antibody to 
reduce the 

spread. 

Use a fluor 
for  CD3 with less  
spillover into the  
CD56 detector. 

SD

MFI

Negative ofWidth 
Brightness  SI  Resolution ==

Understanding the impact of fluorescence 
spillover on spread is the key to good panel 

design. 

How can we improve the resolution of this double 
positive population? 

CD3 CD3 

C
D

56
 

C
D

56
 

CD3 

C
D

56
 

CD3 

C
D

56
 



Use	
  a	
  dump	
  channel	
  to	
  remove	
  unwanted	
  cells:	
  	
  
	
  In	
  a	
  single	
  channel	
  you	
  can:	
  	
  
	
   	
  use	
  several	
  an$bodies	
  coupled	
  to	
  the	
  same	
  fluorochrome	
  	
  
	
   	
  against	
  mul$ple	
  markers	
  to	
  eliminate	
  unwanted	
  posi$ve	
  cells.	
  	
  
	
  Use	
  to	
  gate	
  out	
  posi$ve	
  cells,	
  Only	
  the	
  negs	
  are	
  of	
  interest	
  
	
  Can	
  use	
  a	
  moderately	
  bright	
  fluorochrome	
  with	
  high	
  spread	
  into	
  other	
  channels	
  

	
  
Include	
  a	
  dead	
  cell	
  marker	
  	
  

	
  Helps	
  eliminate	
  false	
  posi$ves	
  and	
  background	
  
	
  
Can	
  combine	
  dump	
  and	
  dead	
  cell	
  channel:	
  PerCP5.5/7AAD,	
  BV510/FVS510	
  
	
  
If	
  possible,	
  allow	
  for	
  future	
  expansion:	
  

	
  plan	
  panel	
  to	
  leave	
  open	
  some	
  channels	
  that	
  are	
  good	
  for	
  dim	
  
	
  markers:	
  ideally	
  a	
  high	
  intensity	
  fluorochromes	
  with	
  low	
  spread	
  
	
  APC,	
  BV421,	
  BUV395,	
  FITC	
  (limited	
  spillover)	
  for	
  example	
  	
  

Hints	
  to	
  conserve	
  channels	
  	
  



Background:	
  
	
  Dead	
  cell	
  binding	
  
	
  High	
  concentra$ons	
  of	
  reagents	
  ($trate!)	
  
	
  Non-­‐specific	
  binding	
  of	
  intracellular	
  matrix	
  	
  

	
  Autofluorescence:	
  varies	
  between	
  popula$ons	
  
	
   	
  match	
  red-­‐laser	
  excited	
  fluorochromes	
  with	
  	
  
	
  an$gens	
  expressed	
  on	
  highly	
  auto-­‐fluorescent	
  cells	
  

False	
  posi$ves:	
  
	
  Aggregates:	
  use	
  doublet	
  discrimina$on	
  

	
  Fc	
  receptor	
  binding:	
  use	
  a	
  block	
  	
  
	
  Beware	
  of	
  Cy	
  dyes	
  (PE-­‐Cy5,	
  PE-­‐Cy7)	
  binding	
  to	
  
	
  monocytes	
  and	
  macrophages	
  

	
  

Other	
  Problems:	
  Background	
  and	
  False	
  Posi$ves	
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Forward Scatter 
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Dead and dying 

Live 

A

B

C

Dead	
  cells	
  show	
  as	
  false	
  posi$ve	
  



Singles 

Singles 

Aggregates  

Aggregates 

SSC height 

S
S

C
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th

 

DNA content Hoechst 

BA

Use	
  Pulse	
  shape	
  to	
  Eliminate	
  Aggregates	
  

Aggregates	
  can	
  appear	
  as	
  false	
  posi$ves	
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Use	
  a	
  $me	
  gate	
  to	
  eliminate	
  ar$facts	
  

Fluidics	
  problems	
  during	
  acquisi$on	
  cause	
  ar$facts	
  in	
  the	
  data	
  

To	
  visualize:	
  
	
  	
  
look	
  at	
  data	
  vs	
  $me	
  
	
  
Then	
  gate	
  out	
  the	
  bad	
  data	
  
	
  



CD56 PE 
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monocytes 

Without Fc block 

With Fc block 

Block	
  false	
  posi$ve	
  staining	
  via	
  Fc	
  binding	
  



Verify	
  which	
  colors	
  you	
  can	
  run	
  on	
  your	
  cytometer	
  
	
  look	
  at	
  stain	
  index	
  and	
  SSM	
  for	
  your	
  cytometer	
  

	
  
Make	
  a	
  table	
  of	
  your	
  possibili$es:	
  an$gens	
  vs	
  fluorochromes	
  

	
  OUen	
  you	
  can	
  ask	
  the	
  manufacturers	
  for	
  samples	
  to	
  test	
  
	
  
For	
  rare	
  an$gens	
  you	
  may	
  not	
  have	
  much	
  choice	
  of	
  colors	
  	
  

	
  some$mes	
  only	
  fitc	
  or	
  pe	
  
	
  you	
  will	
  have	
  to	
  slot	
  those	
  in	
  first	
  

	
  
For	
  3°an$gens	
  you	
  only	
  want	
  to	
  look	
  at	
  bright	
  fluorochromes	
  
 
Screen	
  the	
  poten$al	
  an$bodies	
  on	
  your	
  cells	
  can	
  to	
  see	
  which	
  ones	
  
look	
  best	
  
	
  

	
  How	
  to	
  start:Look	
  at	
  your	
  an$body	
  choices	
  



Make a table of your possibilities 

DR CD15 CD19 CD123 CD117 CD38 CD34 CD71 CD45 X

PB / 
V450

! ! ! !

FITC ! ! ! ! ! ! ! !

PE ! ! ! ! ! ! ! ! !

PE-TR ! ! ! !

P-X ! ! ! ! ! ! ! ! !

PE-
Cy7

! ! ! ! ! !

A594 ! !

APC ! ! ! ! ! ! ! ! !

APC-
A700

!

APC-
X7

! ! !

Slide courtesy of Dr. Brent Wood 



You need lots of controls when you develop your panel 

During panel development:   
Run comp controls with both beads and cells, sometimes beads don’t give same values  
Run FMOs for each color  

 Once developed you will probably only need 1 or 2 FMOs for difficult markers 
During panel development, add antibodies sequentially to identify problems 
Compare Stain Index of single stained cells with fully stained cells: should be the same if no problem 
 



Validate your panel 

Run many samples 

 
–  Under same conditions as to be used 

–  Positive and negative controls 

Slide courtesy of Dr. Brent Wood 



Know	
  your	
  cytometer:	
  lasers	
  and	
  filters	
  
	
  
Know	
  your	
  An$gens:	
  priority,	
  expression	
  and	
  density	
  
	
  
Match	
  bright	
  fluorochromes	
  with	
  low	
  density	
  an$gens	
  and	
  dim	
  
fluorochromes	
  with	
  high	
  density	
  an$gens	
  
	
  
If	
  there	
  is	
  coexpression:	
  	
  avoid	
  high	
  spread	
  from	
  a	
  high	
  density	
  
expressor	
  into	
  a	
  low	
  density	
  expressor.	
  
	
  
If	
  possible,	
  spread	
  an$gens	
  across	
  lasers	
  
	
  
Leave	
  room	
  for	
  future	
  expansion:	
  	
  

	
  bright	
  fluorochromes	
  with	
  liSle	
  spillover,	
  APC,	
  BV421,	
  BUV395	
  

Summary	
  



Panel	
  design	
  soUware	
  
Fluorofinder panel design program 

https://fluorofinder.com/ 

BD Biosciences panel design program 

https://www.bdbiosciences.com/sg/paneldesigner/
index.jsp 

Fluorish panel design program  

https://www.fluorish.com/ 

You can load your cytometer configurations into these 
programs 



FCM diagnostics and functional tests in 

autoinflammatory diseases – clinical cases

Alojz Ihan, M.D.

Professor of Medicine
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Institute of microbiology and immunology
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Welcome to Slovenia & Ljubljana!!

LJUBLJANALJUBLJANA



• UL: 40 000 undergraduate and 

graduate students, 5.600 

employees, 23 faculties and three 

arts academies

• FM: 1500 undergraduate and 

graduate students, 850 employees

Welcome to University Ljubljana

Faculty of Medicine!!



Inštitut za mikrobiologijo in imunologijo (IMI)
More than 500 different types of diagnostic tests, 615 000 

samples / yr; 150 employees (36 PhD, 15 MD, 8 prof.)
http://www.imi.si/

http://www.imi.si/


Slovenian PID team
260 registered PID patients, 51 different disease entities, 144 (55%) of

Pts according to genetic diagnosis

Department of Allergology, Rheumatology and clinical 

Immunology, University Children’s Hospital Ljubljana

Immunology laboratory – Institute of Microbiology and 

Immunology, Faculty of Medicine, University of Ljubljana 

Medical faculty Ljubljana



Hematopoietic stem cell transplantation team

Department of University Children’s Hospital Ljubljana



Number of PID / 100.000 persons

Primary immunodeficiencies

• A genetically  

heterogeneous 

group of disorders 

that affect distinct 

component of the 

innate and adaptive 

immune system

• Explosive growth of 

knowledge

Slide courtesy of T Avčin



Classification of PIDs based on their known

molecular causes

Baumann U. Immunology News 2017;3 - Issue 1, April 2017



Early clinical recognition of PID

• Impaired antimicrobial host defence

– More frequent, longer and more 

severe infections

– Opportunistic infections

• Impaired surveillance function of 

immune system

– Autoimmune manifestations

– Granulomatosis

– Hemophagocytic syndrom

– Lymphoproliferation

– Solid tumors



PID with early & serious clinical manifestations:

Severe Combined Immunodeficiency (SCID)

• Genetic defects of T cell development

– absence of mature T cells (abrogated adaptive immunity)

– variably associated with defective differentiation of other hematopoietic cells

• Considerable genetic heterogeneity

– inherited as an X-linked or autosomal recessive disorder

– at least 22 molecularly defined SCID disorders

ADA (Adenosine deaminase)

Omenn sy. (RAG – GVHD like)



Defect Gene Defect Inheritance T,B, NK Cells

Cytokine signalling CgC

JAK 3

IL7 Ra

XL
AR

AR

- + -
- + -

- + +

Nucleotide
biosynthesis

salvage pathway

defects

ADA
PNP

AR
AR

Tlow Blow NKlow

TlowBlowNKlow

Defects affecting

signalling through

the T cell antigen
receptor

CD45

CD3d

CD3e

CD3z

ZAP70 kinase

AR

AR

AR
AR

AR

- + -

- + -

- + -
- + +

+ + + (absent CD8)

VDJ

recombination

defects

RAG 1 & 2

Artemis

Cernunnos
DNA ligase 4

AR

AR

AR
AR

- - +

- - +

Tlow Blow NK+
Tlow Blow NK+

Thymic defects 22q11

CHD7

Sporadic/AD

Sporadic/AD

T-B+NK+

T-B+NK+
FOXN1 AR T-B+NK+

Other AK2 (RD)
MHC class II

deficiency

ORAI1

AR

AR

AR

- - - (+ myeloid
dysfunction)

+++ (absent CD4)

Ca-dependent T
cell activation

STIM1 AR

Block in lymphopoiesis caused by SCID



Case 1:



Dx: ALPS? (Autoimmune 

lymphoproliferative syndrom)
• Genetic disorder of 

abnormal lymphocyte 
survival caused by 
defective Fas mediated 
apoptosis

• Leading to chronic non-
malignant 
lymphoproliferation, 
autoimmune disease, and 
secondary cancers



ALPS Diagnosis

• Elevated peripheral blood Double Negative T cells (DNTs -

CD3+/CD4-/CD8-/TCRalpha/beta+)

• Marked elevations >5% virtually pathognomonic for ALPS; mild 

elevations also found in other autoimmune diseases

• DNTs - thought to be cytotoxic T lymphocytes that have lost CD8 

expression

• Defective in vitro Fas mediated apoptosis: T cells from patient 

and normal control supported in culture for >10 days with mitogen 

stimulation and IL-2 expansion and then exposed to anti-Fas IgM 

monoclonal antibody

• ALPS patient T cells: Do not die with anti-Fas monoclonal antibody 

exposure. Normal T cells from unaffected patient do.



ALPS - Elevated peripheral blood Double Negative 

T cells (DNTs) Required for diagnosis

4% CD4-CD8- TCRα/β+ 

T cells

Normal FAS (CD95) 

expression

Defective apoptosis in 

functional test (in vitro 

PHA and IL-2 

stimulated PBL) 



Follow up



Functional Testing of INFR, TLR and 

NF-κB signaling 



Follow up

SCID patient can present with life threatening

inflammatory and autoimmune disease



J Clin Immunol 2016 DOI 10.1007/s10875-016-0330-1 



Cumulative incidence of AI 

manifestations in French national registry

• Fisher et al. JACI  2017;140:1388



Defective functions in PID, 

leading to Autoimmunity

• Gupta et al. Clin Rev Alerg Immun 2013



Diagnostic approach – immunology work-up

• Immunology tests:
– Absolute lymphocyte count

– Assessment of T cell subsets / T cell differentiation 

‘states‘

– Assessment of proliferation in response to mitogens and 

anti-CD3/CD28

– ADA and PNP

– Total serum immunoglobulins

– Specific antibodies if vaccinated



Transplantation outcome for SCID
(Pai, et al, NEJM 2014; 371: 434-46)

Retrospective data

from 240 infants with

SCID



Case 2

• 33-year old patient with multifocal gastric carcinoma and 

malignant melanoma were diagnosed and surgically 

treated at 19 and 27 years of age, respectively. 

A homozygous frameshift deletion in LRBA gene (p.Glu946Ter) and two common 

variants in TYR gene were identified.

The patient had autoimmune enteropathy, 

rheumatoid arthritis, megaloblastic anemia, 

96% of T lymphocytes were HLA-DR activated, 

suggestive of a hyperactive immune state

The patient suffered from several opportunistic 

infections, including Campylobacter jejuni, 

Morganella morganii, Proteus mirabilis, Yersinia 

enterocolitica, Cryptospordium parvum, Giardia 

lamblia, Legionella pneumophila, pulmonary

aspergillosis and aspergilloma, and chronic 

mucocutaneous candidiasis. 

• Whole exome sequencing (WES) 

was performed and phenotype 

driven analysis was used to direct 

and focus the analysis on LRBA 

genetic variants



Functional CTLA4 

induction test

Reduced CTLA4 expression in 

a subset of regulatory T 

lymphocytes was identified in 

the patient and his unaffected 

mother carrying a 

heterozygous LRBA mutation 

as compared to control in a 

dose-dependent

manner.



Case 3









Immunological disease 

continuum

Peckham J Pathol 2017;241:123



The autoinflammatory disorders (AID) are a new and 

expanding classification of inflammatory diseases

• Recurrent episodes of systemic inflammation

• NO pathogens, NO autoantibodies, NO autoreactive T cells



Case 4

• Male, caucasian, gestation age 37 weeks, neonatal sepsis suspected, not proven, 
antibacterial treatment

• Urticarial rash- appeared soon after birth
• He had the first episode of fever with elevated CRP (50) and no signs of an infection at the 

age of six months, fever lasted for four days (no infection was proven)
• First episode of limping at the age of 16 months, arthritis of a hip disappeared in 24 hours

Urticarial rash-
appeared soon after birth, was never itchy, was more intense during fever, but didn’t 

disappeared between fever attacks Slide courtesy of N Toplak



Case 4

MAIN PROBLEMS

• periodic fevers from 6 month of age, short attacks 1-2 
days, sometimes up to 5 days, every 7-30 days

• elevated inflammatory parameters (CRP up to 200), 
between attacks inflammatory parameters also elevated-
CRP from birth never below 40

• Arthritis from 16 month of age - last 1-2 days, sometimes 
red joint as in FMF, fluid in hip joints, knees, ankle- not all 
of them in every attack

• Rash- looks like urticarial, sometimes more macular; 
rarely disappears completely; in milder form between 
attacks present all the time; mastocyts found in skin 
biopsy;

systemic mastocitosis excluded 
by bone marrow biopsy



• Exclusion of infections

• Exclusion of PID

• Exclusion of autoimmune 
diseases autoantibodies negative: ANA negative, 

ANCA negative, antiC1 Q- negative

• Exclusion of allergy milk, egg,triptase 

normal on several occasions

• Exclusion of malignant disease
bone marrow biopsy

• Metabolic disease?
Organic acid in urine

2011 - negative 4 times in febrile attacks, no 
mevalonic acid

• Complemet levels- classic, alternative 
activation normal

• IgG, IgM, IgA normal

• IgD 324E/ml (normal up to 90)

• Flow cytometry- normal

• Exclusion of chronic granulomatosis

• Titre of anti-diphteria antibodies 0,292 
IU/ml (protected)

• Titre of anti-tetanus antibodies 0,350 
IU/ml (protected)

s-SAA ELISA  480 mg/L (N<6,4)

Diagnostic approach

Slide courtesy of N Toplak



CATEGORIES- major groups of PID

1. Combined ID- SCID

2. Combines ID with associated syndromic features

3. Predominantly ab deficiencies

4. Diseases of immune dysregulation / type 1 interpheronopathies

5. Congenital defects of phagocyte number, function or both

6. Defects in innate immunity

7. Autoinflammatory disoreders

8. Complement deficiencies

9. Phenocopies of PID (acquired defects)



The Molecular Pathophysiology of 
Autoinflammatory Disease

Provisional molecular/

functional classification of AID

Disease

1 IL-1β activation disorders

(inflammasomopathies)

Intrinsic: FCAS, MWS, CINCA / NOMID

Extrinsic: FMF, PAPA, CRMO / SAPHO, Majeed sy, HIDS, DIRA, recurrent 
hydatiform mole
Complex /acquired: gout, DM II, Schnitzler sy., fibrosing disorders

2 NF-B activation disoreders Crohn’s disease, Blau sy,

FCAS2- Guadalupe periodic fever- NALP 12

3 Protein folding disorders of the
innate immune system

TRAPS, spodyloarthropathies

4 Complement disorders aHUS, AMD- age related macular deg.

5 Cytokine signaling disorders Cherubism

6 Macrophage activation fHLH, Chediak-Higashi sy.,Griscelli sy., X-linked lymphoproliferative sy., 
Hermansky-Pudlak sy., secHLH, atherosclerosis

Set L. Masters et al. Annu Rev Immunol. 2009



MAMPs & PAMPs signaling 



Hereditary periodic fever syndromes

• Familiar Mediterranean fever -
FMF

• Hyperimunoglobulinemia D - HIDS 
/ mevalonate kinase deficiency-
MKD

• TNFαR periodic fever syndrome -
TRAPS

• Criopyrin associated periodic fever 
syndormes- CAPS

- Familial Cold Autoinflammatory Syndrome-FCAS/ 
Familial Cold Urticaria Syndrome- FCUS

- Muckle-Wells syndrome-MWS
- Neonatal-Onset Multisystem Inflammatory Disease-

NOMID/Chronic Infantile Neurologic, Cutaneus and 
Articular Syndrome-CINCA

http://fmf.igh.cnrs.fr/ISSAID/infevers/

http://fmf.igh.cnrs.fr/ISSAID/infevers/


Periodic Fever Syndromes
Sporadic conditions- PFAPA

Hereditary conditions: FMF, MKD/HIDS, TRAPS, CAPS



The syndrome of Hemophagocytic

Lymphohistiocytosis in primary immunodeficiencies

• Twelve patients had severe combined immunodeficiency with <100/μL T cells, 18 had 

partial T-cell deficiencies; episodes of hemophagocytic lymphohistiocytosis were mostly 

associated with viral infections. 

• Twenty-two patients had chronic granulomatous disease with hemophagocytic episodes 

mainly associated with bacterial infections.

• Compared to patients with cytotoxicity defects, patients with T-cell deficiencies had lower 

levels of soluble CD25 and higher ferritin concentrations.

Bode S, Haematologica | 2015; 100(7)

• 63 patients with primary 

immunodeficiencies other 

than cytotoxicity defects or 

X-linked lymphoproliferative

disorders, presenting with 

conditions fulfilling current 

criteria for hemophagocytic

lymphohistiocytosis.



Genetic defects involved in granule-mediated cytotoxicity 

leading to Hemophagocytic Lymphohistiocytosis (HLH)

• CTL activation results in microtubule 

organizing Centre (MTOC) polarization 

and transport of cytotoxic granules. 

• LYST and AP3B1are involved in sorting 

and transport of cytotoxic granules. 

• The granules are then docked to the site 

of immune synapse by Rab27a. 

• Granule priming is mediated by Munc13-

4, and membrane fusion by STX11 and 

STXBP2. 

• Granule fusion results in perforin 

mediated pore formation and release of 

lysosomal enzymes leading to target cell 

death. 

• Genetic defects in highlighted proteins 

involved in granule-mediated cytotoxicity 

leads to HLH.

The Journal of Pediatrics 2013;163:1253–1259



Diagnostic criteria for HLH
• Diagnosis of HLH is based on the presence of 5 or more of the following: Fever;  

Splenomegaly;  Cytopenias (affecting 2 of 3 lineages in the peripheral blood); Hemoglobin <90 g/L 

(<100 g/L in infants aged <4 weeks); Platelets <100 109/L; Neutrophils <1.0 109/L; 

Hypertriglyceridemia and/or hypofibrinogenemia; Fasting triglycerides >3.0 mmol/L; Fibrinogen 

<1.5 g/L;  Hemophagocytosis in bone marrow, spleen, or lymph nodes;  Low or absent NK-cell 

activity;  Ferritin >500 mg/L;  sIL-2R >2400 U/mL



Case

• 21-year-old Caucasian male

• Presented with a weeklong history of fever, sore throat, myalgia, 

arthralgia and non-erythematous, papular rash to the chest and 

bilateral upper and lower extremities.

• Rapid strep test returned negative.

• His symptoms worsened, and the rash progressed.

• Throat cultures returned positive for Group A strep, and he was 

started on amoxicillin

• CT of abdomen and pelvis: Splenomegaly.

• All blood cultures were no growth, and respiratory viral panel was 

negative.

• EBV IgG positive, but IgM and PCR were negative.

• CMV negative 



Hospital Course

Upon admission to internal medicine for GAS and 
possible acute rheumatic fever, he continued to spike 
fevers, desaturated to 80%, and became hypotensive.

Broad-spectrum antibiotics were started, and she was 
intubated.

He received IVIG for toxic shock syndrome with mild to 
modest improvement in the appearance of 
maculopapular rash.

Developed multi-organ failure (AKI, hepatic failure, DIC, 
congestive heart failure with elevated troponin and 
evidence of pericarditis/carditis)

Required renal replacement therapy, packed RBC 
transfusion, FFP, spike temperatures and leukcoytosis
worsen despite of broad spectrum Antibiotics 

Rheumatology consulted for Autoimmune disease vs 
macrophage activation syndrome 

Pediatric hematology oncology consulted for possible 
hemophagocytic lymphohistiocytosis (HLH) 

• WBC 21,000

• BUN/Cr 18/2.1

• H/H 11/33

• Troponin 0.263      

• lactic acid 1.1

• BNP 968

• LDH 1366

• ESR 45

• CRP 384.



Hospital Course

Subsquent blood work reveals the following 

Ferritin 26000 ng/mL

TG 455 mg/dL

Absent NK cell activity

soluble CD25 (soluble IL-2 receptor alpha) 13630 
pg/mL

Some Peripheral smears (hematophagocytosis)

BM biopsy negative for malignancy and no evidence 
of HLH

BM Chromosomal analysis: No clonal abnormality. 

HLH diagnosis made based on HLH guideline 
criteria

Patient started on daily high dose Dexamethasone 
Significant improvement noticed, fever subsided, 
leukocytosis resolved                



Guidelines set by HLH:



CD107 Assays

• CD107a and CD107b are proteins 

found in cytotoxic granules of CTL 

and other cells

• Upon degranulation, CD107a and 

CD107b are transiently 

transported to the cell surface

• Using labeled antibodies to 

CD107a and CD107b during short-

term stimulation, the exocytosis of 

CD107 is captured on 

degranulating cells.

• Compare BAT – CD63



Differential Diagnosis

• Infection/sepsis 

• Malignancies

– (leukemia, lymphoma, 

other solid tumors)

• Drug reaction with 

eosinophilia and systemic 

symptoms (DRESS)

• Autoimmune 

lymphoproliferative 

syndrome (ALPS)

• Adult Still's Disease

• Macrophage activating 

syndrome 

Secondary HLH to Group A strep infection



Case

• 51-yr male, healthy;

• Presented with a fever, myalgia, arthralgia His symptoms 

worsened

• 25.10.2017 doksiciklin;

• 29.10. – 20.11. hospitalisation (Clinic for Infectious dis); 

fever, CRP 90; 

doksiciklin 10 days, no improvement



• pancitopenia, elevated LDH, ferritin, 

CRP, ESR

• CT of abdomen and pelvis: 

Splenomegaly.

• All blood cultures were no growth

• US: hepatomegaly, enlarged lymph 

nodes, 

• BM biopsy negative for malignancy 

• BM Chromosomal analysis: No clonal 

abnormality

• HLH diagnosis made based on HLH 

guideline criteria

o Fever > 38,5°C

o Splenomegaly

o Citopenia

 hemoglobin  82 g/L(<90 g/L); 

 thromb < 100 x 109/L; 

 neutro < 1,0 x 109/L;

o Hypertrigliceridemia 3,1 mmol/L

o Absent NK cell activity

o soluble CD25 (soluble IL-2 receptor 

alpha) 7530 U/mL (≥ 2400 U/mL)

o Feritin >16000 µg/L (≥ 500 µg/L)



Etiology?

5.12. 2017

BM biopsy positive for 

Leishmania spp.; PCR 

positive for Leishmania 

spp.

Th: Medrol (metilprednizolon)

+

AmBisome (liposomal 

amfotericin B)

Significant improvement 

noticed, fever subsided, 



Diagnostic Reasoning

• According to the guidelines set by HLH-2004, he fit the 

diagnostic criteria for HLH even without having 

hematophagocytosis in the bone marrow.

• He fulfilled at least 5 of the criteria with

– Fever

– Splenomegaly

– Hypertriglyceridemia

– Ferritin greater than 10000 microgram/L

– Soluble CD25 (soluble IL-2 receptor) greater than 

2400 U/ml



Matnani R. Blood  2016  127:513;  doi: https://doi.org/10.1182/blood-2015-10-678862 

Hemophagocytic lymphohistiocytosis associated with 

visceral leishmaniasis



A case report of recurrent fulminant myocarditis treated 

with a second ECMO run in a child

• A case of a 7-year old girl with two episodes of fulminant heart 

failure, both requiring cardiopulmonary resuscitation and 

extracorporeal membrane oxygenation support. Both episodes were 

caused by fulminant myocarditis that was precipitated by a 

viralupper respiratory tract infection. 

• There was complete recovery of cardiac function following both 

episodes. The second episode was particularly complex with 

markedly elevated markers of myocardiocytolysis, multiorgan 

dysfunction and the need for prolonged mechanical circulatory 

support. Nevertheless, the patient made a remarkable recovery. 

• A comprehensive diagnostic workup pointed towards an aberrant 

immune response as the likely cause of the girl’s susceptibility for 

fulminant myocarditis. 



Initial tests of TLR function pointed towards an aberrant immune response, but 

further examinations will be required to determine with certainty the cause of the girl’s 

susceptibility for recurrent fulminant heart failure during certain upper respiratory tract 

infections.

Circulation Research. 2016;118:496-514



A terminal deletion of

chromosome 11 with 

breakpoint approximately 

at 11q23 region, which is 

described as a cause of 

JS. The deletion was 

confirmed using specific 

FISH analysis and the 

combined karyotype was 

46, XX,del(11)(q23.3).ish 

del(11)(q23.3)(D11S1037-

)dn. 

Array comparative genomic hybridization analysis on genomic 

DNA extracted from peripheral blood sample (Agilent 60K ISCA 

Oligo, Agilent Technologies, Santa Clara, CA). 

JS: Deletion of genetic material from the long arm of 

chromosome 11; microcephaly, trigonocephaly, 

hypertelorism, ptosis, epicantus

Our patient presented with recurrent bacterial and prolonged viral 

infections involving the respiratory system, as well as other classic 

features of the syndrome. In addition to low IgM, IgG4, and B-cells, also 

low recent thymic emigrants, helper and naı¨ve T-cells were found.



Presentation 

at 14d bloody diarrhea and trombocytopenia

In first 6m: 

eczema

food allergy

infections 

- skin  Staph. Aureus 

- UTI  Proteus, Klebsiella

- GIT Enterobacter, Klebsiella

- RT CMV interstitial pneumonia

Anal fistula Staph aureus

Immunology:

L 35,9 

increased eo 1700

IgG 13,4 IgA 0,98 IgM 2,52;

cIgE 1746→338; 

(poz prick tests cows milk, 

sIgE cows milk 26→2,6)

LSubsets:

Tly 48% Bly 17%

CD4+13%(433) CD8+19%(633)

TTL: ConA↓, PHA norm.

NBT  0,18; kemilum. norm.

INDEX patient:  girl, Mirjana B born 15.06.1991 



Clinical picture:
INFECTIONS

RT - reccurent bronchiolitisis in preschool years
- 3x pneumonia (mostly preschool years)
- reccurent URT infections

ENT - Chronic sinusitis ( H.inf., Corynebact.diph.,Strep.pn.)
- occasional OMA (E.fecalis, k- Staph) -

Skin - reccurent skin abscesses (monthly for several years)
(mostly S.aureus; also Corynebacterium, Difteroidies)

ALLERGY
eczema
in preschool years to food allergens (milk, egg, wheat)
later to pollens, mite and several medications (antibiotics – SMX)

AUTOIMMUNITY
AI trombocytopenia
nonspecific vasculitis – HSP like ; worse with infections
(3x skin biopsy :
(small granular and linear IgA on basal membrane of sweat glands, small granular IgM deposits on 
dermo-epidermal border, IgG neg., C3 small granular deposists, C1q+ cells in dermis)

panniculitis; worse with infections
increased inflammatory markers, increased SAA



Immunology

IgE IgG IgA IgM

199

1

1746 13,4 0,98 2,52

199

8

356 12,8 10,4 1,0

200

3

780 10,1 7,6 0,5

200

8

4461 15,2 11,40 0,85

201

0

12,5 8,78 1,49

Normal T cell transformation test (PHA, ConA) Normal vaccination Ab

CD3 CD4+ CD8+ CD19 NK

19

91
48% 13% 19% 17%

19

99
626 305 498 562 369

20

03
278 278

20

08
192 115

20

10
563 260 314 268

20

16



• Anemia

• thrombocytopenia

• petechiae, blood diarrhoea

• Infections, skin abscesses

• ↑IgE ↑IgA

• eczema
• AI phenomens

Genetic tests:

46XX

Normal lymphocyte apoptosis

adenozin deaminaza neg. 

Negative ALPS genetics (FAS –R, FAS –

L) Negative HiperIgE

gen.diagnostics WAS (Brescia) -2005: 

no mutation found 

In 2016 gave birth of a healthy girl



2nd patient:  boy, Dario B born 30.11.1993

Presentation 

at 4w bloody diarrhea

In first 6m: 

enterocolitis

severe food allergy - parenteral feeding

infections 

- skin  asbcesses (Staph. Aureus)

- perianal abscess

- RT pneumonia

Failure to thrive

Immunology:

L 12,3, Tr 168

IgG 11,3 IgA 4,7 IgM 0,88;

cIgE 270→932  

LSubsets:

Tly 44% Bly 34%

CD4+13% CD8+34%

TTL: ConA and PHA↓



Clinical picture:
INFECTIONS

RT - several prolonged pneumonias 
(Morax. catarrh., Strep.pneum., Corynebact., C. albicans)
- reccurent URT infections

GIT - gastroenteritis 
(Klebsiella, Pseudomonas, Cryptosporidium, Bacillus cereus, Enterobacter 
agglomerans,Citrobacter freundii, ncephalitozoon intestinalis)
- Candida Esophagitis

Sepsis – with central line (Staph aureus, Strep. Viridans)

Skin - reccurent skin abscesses in last years

ALLERGY
food allergens  - prolonged nad slow introduction of foods

AUTOIMMUNITY
nonspecific vasculitis ; worse with infections
Pernicious anemia – clinical picture of vitB12 deficiency (delayed motoric development, CNS 
atrophy with acute neurological simtoms)
stunted growth - on therapy with GF

TREATMENT:  
No prophylaxis (occasional Septrin  - TMP7SMX
Vit B12 supplementation



IgE IgG IgA IgM

1997 932 11,3 4,70 0,85

2001 257 9,9 5,6 1,3

2006 441 9,70 7,33 0,30

2010 / 9,55 4,47 0,18

2016 9,71 4,57 <0,19

CD3 CD19 CD4+ CD8+ NK

1997 44% 34% 13% 34% 20%

1999 2171 2714 882 1696 1696

2001 459 546

2003 327 358

2010 464 560

2016 999 531 606 382 195

NBT 0,54, 

normal / increased DHR

Immunology



On NGS – mutation in one of the ARP2/3 subunits

=ARPC1B gene

NM_005720.3: c.265A>C NP_005711.1: p.Thr89Pro



3rd patient:  girl, Miša K,  born 20.5.1989

Presentation 

in first weeks with eczema and bloody 
diarhea

In first year: 

prolonged hospitalization (4y)

enterocolitis

severe food allergy

Failure to thrive

Clinical picture:
INFECTIONS

RT - reccurent pneumonias since 3y (2-3 x/y) last in 2015
- lung abscess

ENT - reccurent sinusitis and OMA with perforation
GIT - gastroenteritis 

Skin - reccurent skin abscesses sicnce age 10; 
- chronic leg ulceration (last 2y – Strep. Constelatus)

Genital condiloma nad severe warts (last 5y)

ALLERGY
food allergens  - prolonged nad slow introduction of foods
allrgy to mites  and animal epithel
Alergic astma

AUTOIMMUNITY
enterocolitis with complications 

duodenum ulceration in 2007 – surgical intervention
prepiloric deformation with suspected stenosis
rectovaginal fistula

nonspecific IgA vasculitis ; worse with infections
stunted growth on therapy with GF
suspected polinevropathy (norm. B12, low folic acid)

(PRE)MALIGNANCY
Conisation of uteral nect (CIN2 lesions)

TREATMENT:  
No prophylaxis
Therapy for astma
Ocasional  metilprednisolon (for vasculitic exacerbations)



Immunology

IgE IgG IgA IgM

2016 716 13,6 6,3 0,6

2017 524 8,4 3,8 0,4

CD3 CD19 CD4+ CD8+ NK

2016 1006 542 730 226 66

2017 696 375 541 122 97

No naive T Cells

Decreased fagocitosis



Functional fMLP/phalloidin test

Average MFI

before stimulation after stimulation increase in MFI

Neutrophils

homozygous (n=9) 10.285 ± 2.883 11.408 ± 2.346 11%

carriers (n=4) 16.489 ± 9.752 26.308 ± 5.911 60%

without mutation (n=3) 8.893 ± 4.983 17.670 ± 7.519 99%

Monocytes

homozygous (n=9) 3.518 ± 674 3.710 ± 507 5%

carriers (n=4) 4.892 ± 959 8.799 ± 1.455 80%

without mutation (n=3) 3.795 ± 2.278 7.862 ± 4.532 107%

Average median fluorescence intensity (MFI) with standard deviations of neutrophils 

and monocytes before and after 20 seconds of stimulation with fMLP in three different 

groups – homozygous (patients), carriers, and healthy subjects (without ARPC1B 

mutation).



Morphological Assay for Actin Polymerization

Figure 2. Giemsa stained blood smears and fluorescent microscopy images of FITC-phalloidin stained 

cells. A. Smears of non-stimulated blood specimen of a healthy subject. B. fMLP-stimulated blood cells of 

a healthy subject. C. Non-stimulated patient's blood cells. D. fMLP-stimulated patient's blood cells.



Slovenian PID team

Thank YOU!!  Questions??



SURFACE AND INTRACELLULAR FLOW CYTOMETRY 
Immunophenotyping methods for staining surface and intracellular CD markers of peripheral 
blood and bone morrow are long established.  As increasing number of intracellular antibodies 
becomes  available there is a need to evaluate these antibodies for flow cytometry applications. 
Flow cytometry is a popular technology, it is rapid and sensitive. For example, the biomarkers of 
the CD34 population in a leukemia patient could be followed over the course drug treatment 
down to 0.01% CD34 positive in peripheral blood.   
 
In clinical trial whole blood assay is essential to investigate and identify the status of the 
patient's signaling pathways and the pharmacodynamic monitoring of drug treatment over time 
which involve a multiple tube panel with stimulators and inhibitors. After extensive testing we 
have developed a simple and effective three component sample preparation method to detect 
surface CD markers and other intracellular antigens in whole blood and cell cultures:  (1) fixation 
and (2) permeabilization (3) with or without 80% methanol treatment. 
 
 
1.  Fixation: formaldehyde 
 

x 4% for whole blood 
x 2% for cell culture 
x 10 minutes at room temperature, these two parameters are critical and must be followed 

precisely. 
 
Formaldehyde a cross-linking agent is used to fix cells in suspension to preserve and maintain 
structure and location of target eptiopes. For whole blood 4% formaldehyde preserves the 
forward scatter and side scatter resolutions of the white blood cell subpopulations and at the 
same time allows lysis of the red blood cells. Complete RBC lysis is important for flow cytometry 
as RBCs outnumber WBCs about 1000 to 1. Formaldehyde fixation must be done at room 
temperature, at 37C RBCs would not lyse. For cell lines 2% formaldehyde is usually enough.  
In the study of phospho-proteins formaldehyde fixes the phosphorylation of target amino acids 
(Serine, Threonine , and Tyrosine) and also inhibits the phosphatases which de-phosphorylate 
these targets rapidly in live cells. 
 
2.  Permeabilization: 0.1% Triton X-100 
 

x 15 minutes at 37C 
 

In order for antibodies to get inside the cells, formaldehyde fixed cells are permeabilized with 
0.1% Triton X-100 for 15 minutes at 37C. Complete RBC lysis occurs for 99% of clinical blood 
samples with incubation at 37C for 15 minutes. Hence incubation at 37C became routine for cell 
lines as well. Incubation time is not as critical for the 0.1% Triton X-100 step but is kept at 15 
minutes unless longer time is required for complete RBC lysis. If after 30 minutes of incubation 
there is still incomplete RBC lysis, the sample is spun down and fresh 0.1% Triton X-100 is 
added and incubation at 37C for up to another 30 minutes with monitoring. 
 
Higher concentration of Triton X-100 e.g. 0.2%, will lyse RBCs faster but the WBCs become 
sticky and clumpy. On the other hand lower concentration, e.g. 0.05%, tend to give incomplete 
RBC lysis in 15 minutes. 
 



3.  80% Methanol denaturation: 80% methanol in 0.9% (final concentration) NaCl 
 

x 10 minutes on ice 
 

After cross-linking fixation with formaldehyde, some epitopes, such as the phospho-STATs, 
require exposure to methanol for binding by the antibody. Although cells can be fixed and 
permeabilzed with methanol in one step, this is not recommended because without cross-linking 
fixation, small molecules of interest will leak out of the cells. Very important, fixed and permed 
blood samples must undergo an extra wash to get rid of the hemaglobin from the RBC 
lysis before the 80% methanol treatment. High methanol concentration and hemaglobin 
combination will destroy blood samples for antibody staining. 

 
 
FORMALDEHYDE 
 
Some CD markers (CD19, CD11b) and intracellular biomarkers are very sensitive to 
formaldehyde fixation. For CD markers, using a different clone or different CD marker may be 
the solution. Below are two examples of effect of formaldehyde concentration on two 
intracellular biomarkers: Cyclin A2 and Dimethylated Histone H3 Lysine 9. 

 

  

 

 

 

 

 

  

A.       FORMALDEHYDE CONCENTRATION ON CYLIN A2 STAINING

1%

DNA

C
Y

C
LI

N
 A

2 
P

E

0 150 300 450 600
10

0

10
1

10
2

10
3

10
4

2%

DNA

C
Y

C
LI

N
 A

2 
P

E

0 150 300 450 600
10

0

10
1

10
2

10
3

10
4

4%

DNA

C
Y

C
LI

N
 A

2 
P

E

0 150 300 450 600
10

0

10
1

10
2

10
3

10
4

AML2 cell line, gated on single cells

Page 2



B.  FORMALDEHYDE FIXATION OPTIMIZATION for DIMETHYLATED HISTONE H3 (LYS 9)       
 
 
 
 
First leukemia cell line OCI-AML2 was used, then normal blood in preparation for clinical 
samples. 
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METHANOL TREATMENT 
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CD14 staining of normal blood after fix and perm 
 
 

 
 

For antibody staining that required 80% methanol treatment, cells can be stained with the 
methanol sensitive CD marker(s) before the 80% methanol step. Alternatively, use a different 

clone or a different CD marker that is not affected by high methanol concentration to identify the 
subpopulation of interest e.g. CD33 instead of CD14 to gate on monocytes. 

 

 

DOSE-TIME RESPONSE 
 
Dose -Time Response assay is necessary to determine agonist concentration and stimulation 
time to achieve maximum signal. For whole blood incubation for 30 minutes at 37C is usually 
most informative. Longer incubation in a 37C bathe compromises the assay, the blood gets 
darker.  
 
Time Response of LPS 
 

                                                                Guha and Mackman, Cellular Signaling 13; 85, 2001 
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Lipopolysaccharide (LPS), bacterial endotoxin, 100ng/ 100uL blood, 10 minutes at 37C 
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Minutes Filename p-p38A488 SAPJNK-PE pERKA647
Time points: 0 LPS 100ng time test DH CONTROL 35 48.82 14.58

1 LPS 100ng time test DH 1m 34.64 53.96 17.62
2 LPS 100ng time test DH 2m 39.36 68.11 98.25
4 LPS 100ng time test DH 4m 121.14 67.56 104.65
6 LPS 100ng time test DH 6m 303.96 85.91 33.37

10 LPS 100ng time test DH 10m 501.68 153.29 113.96
15 LPS 100ng time test DH 15m 518.91 194.26 120
20 LPS 100ng time test DH 20m 255.38 131.3 25.45
30 LPS 100ng time test DH 30m 62.38 79.54 12.28
40 LPS 100ng time test DH40m 63.36 82.5 13.02
50 LPS 100ng time test DH 50m 79.55 90.18 12.54
60 LPS 100ng time test DH 60m 85.3 87.9 11.21

080621 PB DH: LPS (100ng/ 100uL PB), p-p38A488 + pSAP/JNK-PE + pERKA647 30' stain RT
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Minutes Filename p-p38A488 SAPJNK-PE pERKA647
Time points: 0 LPS 100ng time test VS CONTROL 38.01 44.42 10.23

1 LPS 100ng time test VS 1m 37.83 49.96 11.47
2 LPS 100ng time test VS 2m 34.9 61.55 38.28
4 LPS 100ng time test VS 4m 191.01 68.71 40.14
6 LPS 100ng time test VS 6m 409.17 102.68 21.67

10 LPS 100ng time test VS 10m 483.99 164.92 81.08
15 LPS 100ng time test VS 15m 487.33 194.33 76.74
20 LPS 100ng time test VS 20m 242.77 128.48 15.26
30 LPS 100ng time test VS 30m 94.99 88.48 10.64
40 LPS 100ng time test VS 40m 98.26 88.27 10.5
50 LPS 100ng time test VS 50m 110.24 98.35 9.81
60 LPS 100ng time test VS 60m 95.63 90.91 9.42

080621 PB VS: LPS (100ng/ 100uL PB), p-p38A488 + pSAP/JNK-PE + pERKA647 30' stain RT
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Time Response of G-CSF  
 
 

 

 
 
ANTIBODY TITRATION 
 

I. Use a strong agonist to obtain largest signal separation between stimulated and 
untreated  
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Vince pSTAT5PE Lot 2251.51 (ng)/test/50uL blood 

100729 PBTC(100413) -/+GM-CSF, F/TX, 80% MeOH 10' on ice:  
Titration of Vince pSTAT5PE (C71E5) 

Lot 2251.51, 282ug/ml, +CD33APC+CD45PO. 
Stained 30' RT             Gated on monocytes. 

 

CTRL 
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II. If a pathway is constitutively active, use an inhibitor to decrease the signal to 
background 

 
 

 
 

 
 
 
III. If cannot stimulate cells to generate positive signal, use a low expresser and a 

high expresser of the signal of interest 
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pS6 Pacific Blue (ng/test) 

130325 PBDH (110201) U0126 100uM 30' 37C / PMA 400nM 10’ 37C, 
F/TX, No MeOH: Titration of CST pS6PB (S235/236) (D57.2.2E) Lot 2   

Concn 1mg/mL, +CD33APC+CD45KrO. Stained 30' RT. Gallios. 

 U0126 
PMA 
PMA/U0126 

0 

4 

8 

12 

16 

20 

0 

20 

40 

60 

80 

0 50 100 150 200 

Si
gn

al
/N

oi
se

 (A
M

L2
/U

93
7)

 

M
ea

n 
Fl

uo
re

sc
en

ce
 In

te
ns

ity
 

BD PTEN-PE (ng/test) 

121012 U937 (120716) AML2 (120611), F/TX, no MeOH:  
Titration BD #624048 PTEN-PE clone A2B1 Batch #2268660  

mouse mAb, 1mg/mL   Gallios 

U937 
AML2 
AML2/U937 
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100729 PBTC(100413) -/+ GM-CSF 10ng/100uL, 10' 37C, F/TX, 80% MeOH 10' on ice:
Titration of Vince pSTAT5PE (C71E5) 
Lot 2251.51, 282ug/ml, +CD33APC+CD45PO.
 All staining 30' RT, run on Gallios.

pSTAT5 (ng) CTRL GM-CSF GM-CSF/CTRL
1 500 32.6 495.0 15.2
2 250 24.7 409.3 16.6
3 125 20.2 314.3 15.6
4 62.5 18.0 219.3 12.2
5 31.3 17.2 147.7 8.6
6 15.6 16.3 95.5 5.9
7 7.8 16.1 63.9 4.0
8 3.9 16.0 43.9 2.7
9 CD33APC+CD45PO 15.3 16.9 1.1

Gated on Monos
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Vince pSTAT5PE Lot 2251.51 (ng)/test/50uL blood 

100729 PBTC(100413) -/+GM-CSF, F/TX, 80% MeOH 10' on ice:  
Titration of Vince pSTAT5PE (C71E5) 

Lot 2251.51, 282ug/ml, +CD33APC+CD45PO. 
Stained 30' RT             Gated on monocytes. 
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100729 PBTC(100413) Titration of Vince pSTAT5PE Lot 2251.51.xls
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 ANTIBODY EVALUATION for FLOW 
 
Same procedure is used for both primary and conjugated antibodies. 
 

1. Usually need a negative and positive pair of cells. Exceptions include: Cyclin A2, Cyclin 
B1, and phospho-histone Ser10. 
 

2. Fix and Perm: formaldehyde (4% for blood, 2% for cell lines) and 0.1% Triton X-100. 
 

3. With and without 80% methanol treatment. 
 

4. If above conditions give poor antibody staining, check formaldehyde sensitivity by 
titration of formaldehyde concentration (0.5, 1, 2, and 4%). 
 

5. Antibody titration to determine amount of antibody to use per test. 
 

6. If needed large batch of negative and positive cells can be prepared and frozen at -20C 
for future use; such as, new antibody titration and positive staining control. 

 
   
 

 
 

Antibody Evaluation 1 
 
BioLegend asked me to try their phospho-H3 ser 10 antibody. 
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Previous Experiment 
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(polyclonal-A647) staining in AML2 cell line 

Results: Increase concentration of formaldehyde decreased pH3 
S10 staining and 80% methanol treated AML2 cells gave good pH3 
S10 staining.  
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Based on these results I decided to use 80% MeOH treated 
AML2 cells to test BioLegend pH3 S10 A488 (Cat no. 650803) 
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I was disappointed with these results but decided to compare staining in 2% 
formaldehyde fixed vs 80% methanol treated AML2 cells. These are one batch of 
cells fixed and permed in the different ways and froze down the same day. 
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Results: 80% methanol treated cells are not good for the Biolegend pH3 S10 
A488 antibody. Since then I have used this antibody to stain other 2% 
formaldehyde fixed human cell lines. 
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Antibody Evaluation 2:  unconjugated rabbit monoclonal antibody. 
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F/TX Fix and Lyse Method for Whole Blood or Bone Marrow 
 
Date: 23-08-2012 
 

1. Dispense 100Pl of PB into 5ml polypropylene BD Falcon tubes. 
2. Treat samples if desired with agonists/inhibitors (eg 10 min for PMA; 30 min for inhibitors – do 

the countdown appropriately allowing 10 sec for addition of reagents to each tube) 
3. Fix with 65Pl 10% formaldehyde (per 100ul of starting whole blood) for 10 min at RT. (i.e. 4% 

final concentration formaldehyde).  Add formaldehyde to side of tube just above surface so can 
use same tip for each addition and then vortex hard. Timing is very important (add 10s to each 10 
min timing to account for time of manipulation between each tube). . 

4. Permeablized with 1ml 0.1165%Triton X-100 for 15 min at 37C. [10% Triton X-100 stock is 
diluted in PBS (Mg++ and Ca++  free), and store in dark]. Final concentration is 0.1% TX-100.  
Timing less critical for this 15 min period.  

5. Add 1ml Wash Buffer, mixed & spin down to wash out hemaglobin. Spin down at 2100 rpm in 
desktop (1000g) for 4 min 

6. [[[For storage – if you are not proceeding directly to staining - add 0.5ml Freezing Medium (see 
below) and keep in –20oC freezer, or proceed to Step 7 directly]]]. 

7. Some epitopes require alcohol to unmask the epitope.  Omit this step if not needed. Add 1ml 80% 
Methanol/ 0.9% NaCl for 10 min, on ice. Timing not critical but not recommended for longer than 
overnight because autofluorescence increases with time.  Some epitopes eg ERK, Akt, and S6 do 
not require 80% methanol denaturation but STAT1, 3 and 5 do.  

8. Spin down at 2100 rpm in desktop (1000g) for 4 min 
9. Loosen pellet and wash cells with 2ml of Wash Buffer.  Spin down (2100 rpm in desktop for 4 

min).  
10. Ready for staining with conjugated antibodies.  For indirect labeling, first stain with first antibody 

for 30 min at RT, wash with 2 ml wash buffer 2100 rpm 4 min, then add second antibody 
conjugates to all tubes at same time for 30 min at RT, wash again with 2 ml Wash Buffer 2100 
rpm for 4 min.  (Filter samples if needed as the debris from RBC lysis may clog flow cytometer – 
add 1 ml to the tube with cells and the second ml to a fresh labeled tube into which you will filter 
the cells. Home-made filter is 35um nylon mesh taped to end of 1ml pipet tip 

11. Read on flow cytometer. 
 
We use Mg++ and Ca++  free PBS. 
 
Wash Buffer store in fridge: 
4% FBS in PBS 

 
Freezing Medium store in -20C freezer: 
10% glycerol 
20% FBS 
70% RPMI 1640 
 
Please don’t use ethanol because cells are unstable in ethanol.  Methanol is the alcohol to use. 
Can ‘spike’ your whole blood with your control Jurkat cells – add about 106 Jurkats for 5-10 million 
white cells that would be in 100ul of whole blood  
 
 
This method is also used for cell lines.  Concentrate cells to 1 million / 100ul tissue culture medium. 
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F/TX Fix and Perm Method for cell lines 
 
Date: 14-03-2018 
 
Usually 1/10 amount of stimuli and inhibitors use for whole blood. 
Centrifuge speed is lower, [about half (1100rpm) that of blood cells (2100rpm)]. 
 

1. Trypsinize cells and spin down in 14ml round bottom polypropylene BD Falcon tubes. 
2. Resuspend trypsinized cells to 100Pl with Wash Buffer. 
3. Fix with 25Pl 10% formaldehyde (i.e. 2% final concentration formaldehyde) for 10 min at RT.  

Add formaldehyde to side of tube just above cell surface so can use same tip for each addition and 
then vortex hard. Timing is very important (add 10s to each 10 min timing to account for time of 
manipulation between each tube). . 

4. Permeablized with 1ml 0.1%Triton X-100 for 15 min at 37C. [10% Triton X-100 stock is diluted 
in PBS (Mg++ and Ca++  free), and store in dark]. Timing less critical for this 15 min period.  

5. Add 1ml Wash Buffer, mixed & spin down. Spin down at 1100 rpm in desktop (500g) for 4 min 
6. [[[For storage – if you are not proceeding directly to staining - add 0.5ml Freezing Medium (see 

below) and keep in –20oC freezer, or proceed to Step 7 directly]]]. 
7. Ready for staining with conjugated antibodies 
8. Read on flow cytometer. 

 
 
 
***We use only Mg++ and Ca++  free PBS. 
 
Solutions store RT in dark 
10% formaldehyde 
0.1% Triton X-100 (10% stock solution) in PBS 
 
Wash Buffer store in fridge: 
4% FBS in PBS 

 
Freezing Medium store in -20C freezer: 
10% glycerol 
20% FBS 
70% RPMI 1640 
 
Maximum  20 million fixed/permed cells per ml freezing medium store in -20C freezer 
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Antibody staining cells for flow cytometry 
 

1. Pellet  cells in 5mL polystyrene flow tube 
2. Aspirate all supernatant 
3. Add 10uL of antibody cocktail to cell pellet 
4. Vortex tube to mix 
5. Stain 30 minutes at RT in dark 
6. Add 2 mL Wash Buffer 
7. Vortex tube 
8. Spin down cells 
9. Aspirate all supernatant 
10. Store tube with pellet in fridge or on ice if not running flow immediately 
11. Just before flow run vortex tube to loosen cell pellet 
12. Add 350-500uL Run buffer  
13. Or for DNA stain, add 350-500uL DAPI stain (1ug/mL WBE) incubate 1hr at RT in dark 
14. For long flow runs (more than 2 hours),  keep DAPI stained samples on ice and load each tube manually 

 
 
Buffers 
 
***We use only Mg++ and Ca++  free PBS. 
 
Wash Buffer store in fridge: 
4% FBS (fetal bovine serum) in PBS 

 
WBE store in -20C freezer: 
Wash Buffer with 5mM EDTA 
0.5mL EDTA 0.5M stock / 50 mL Wash Buffer 
 
Run Buffer store in fridge: 
0.1% formaldehyde/PBS 
 
DAPI staining Buffer make fresh daily, discard leftover : 
1ug/mL WBE, incubate 1hr at RT in dark before flow 
EDTA prevents cell clumping 
(DAPI stock = 1mg/mL water, store in fridge in dark) 
 
Antibody diluent and antibody cocktail store in fridge 
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Flow Reagents 
 
10% ultra pure formaldehyde EM grade 
1L,  Poly Sciences 04018, store at RT in dark 
 
Triton X-100 10% aqueous solution 
Surfact-Amps X-100 
10mL ampule, Thermo Scientific Product # 28314, store at RT in dark 
 
DAPI = 4', 6-diamidino-2-phenylindole.2HCl , FW 350.2 
10mg,  Sigma D9542 
DAPI stock solution = 1mg/mL water,  store in fridge in dark 
 
EDTA = ethylenediamine tetraacetic  salt solution pH 7.5 - 8.5, 0.5M, FW336.21 
100mL, Sigma E7889, store in fridge 
 
Glycerol 
Sigma G2025, store at RT 
 
LPS (Lipopolysaccharides) from Escherichia coli O127:B8, Sigma L4516 
1mg/mL PBS, -20C; working 10ug/mL 4C for six months;  
use 1uL per 100uL blood = final concentration 100ng/100uL blood 
 
PMA LC Labs P-1680 
40uM Ethanol -20C; 1uL per 100uL blood=final concentration 400nM 
 
U0126 (Mek inhibitor), LC Labs U-6770 
10mM Ethanol -70C, small working aliquot -20C 
1uL per 100uL blood=final concentration of 100uM 
 
Dako Antibody Diluent 
125mL Cat # S0809, store in fridge 
 
Antibodies  store in fridge in dark 
CD14-PC7, Beckman Coulter, A22331 
 
CD45-KrO, Beckman Coulter, A96416 
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EXPERIMENT LAYOUT 
 
Tubes 

1. CTRL 
2. LPS     100ng/100uL, 10' 37C 
3. PMA     400nM, 10' 37C 
4. U0126   100uM, 30' 37C (20', add PMA, 10' = 30' total) 
5. U+LPS 
6. U+PMA 

 
Procedure 

1. Aliquot 100uL blood into 5mL polypropylene tubes (Falcon) 
2. Add 1uL of U0126 to tubes 4, 5, and 6; incubate 20' at 37C 
3. At 20' take out the U0126 tubes and arrange tubes in the of order of the experiment layout table 

      
  

TIME TO ADD 
 

 
Tube Stimulus Formadehyde 0.1% TX-100 

 
 

LPS 0:00 10:00 20:00 
 

 
U+LPS 0:10 10:10 20:10 

 
 

PMS 0:20 10:20 20:20 
 

 
U+PMA 0:30 10:30 20:30 

 
 

U0126 0:40 10:40 20:40 
 

 
CTRL 0:50 10:50 20:50 
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extracell* vesicl* 2018 = 627 – PubMed, 22.04.2018, 10:20   
extracell* vesicl* 2018 = > 2000
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PubMed: extracl* vesicl* flow cytometry
1984 to 2017 (30.11.2017): 380 

102

Adapted from. Zheng Lung Ling et al. Frontiers in Immunology 2011; 29:2

György B et al. Cell Mol Life Sci 2011; 68:2667
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van der Pol E, Böing AN, Gool EL, Nieuwland RJ 
Recent developments in the nomenclature, presence, isolation, detection and

clinical impact of extracellular vesicles. 
Thromb Haemost. 2016, 14:48-56 

Extracellular Vesicles

Brisson AR, Tan S, Linares R, Gounou C, Arraud N 
Extracellular vesicles from activated platelets: 

a semiquantitative cryo-electron microscopy and immuno-gold labeling study.
Platelets. 2017 Jan 19:1-9 

Lötvall J, Hill AF, Hochberg F, Buzás EI, Di Vizio D, Gardiner C, Gho YS, Kurochkin IV, 
Mathivanan S, Quesenberry P, Sahoo S, Tahara H, Wauben MH, Witwer KW, Théry C

Minimal experimental requirements for definition of extracellular vesicles and their functions: a 
position statement from the International Society for Extracellular Vesicles.

J Extracell Vesicles. 2014, 3:26913

Where do we find microparticels?

• blood 

• plasma 

• bone marrow

• cerebro-spinal fluid 

• pleural fluid

• joint fluid

• vitreous liquid, tears

• urine

• saliva

Zheng Lung Ling et al. Frontiers in Immunology 2011; 29:2

• Basal levels of MPs in healthy
individuals detectable

• Indicate cell proliferation, stimulation
and cellular destruction

Picture: McVey M et al. AJP –
Lung Cellular and Molecular Physiology
2012; 303:L364
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Function:

Extracellular Vesicles in Probands with
Healthy Status
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Extracellular Vesicles in Various Diseases

………………..

………………..

Extracellular Vesicles in Cancer Patients

………………..

………………..
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“… Taken together, our study revealed that exercise
triggers a rapid release of EVs with the characteristic size
of exosomes into the circulation, initiated in the aerobic
phase of exercise. We hypothesize that EVs released
during physical activity may participate in cell
communication during exercise-mediated adaptation
processes that involve signaling across tissues and
organs.”
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“… This study highlights the importance of microparticles in surgical hemostasis and
supports the conclusion that CABG patients with low presurgical microparticle levels are
at higher risk for transfusion. …. new strategies to modify levels of microparticles and
thereby reduce the risk of excessive surgical bleeding. This, in turn, will translate into
substantial reduction in the number of transfusions required and, ultimately, into overall
improvement of transfusion practice. …“

2015

Exosome levels in human body fluids: 
A tumor marker by themselves?

Capello F. et al. European Journal of Pharmaceutical Sciences  2017, 96:93–98
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Why should we measure EVs?

• Correlation with disease activity

• Prognostic value to identify patients with thrombotic or

vascular risk

• Information about non accessible tissues (tumors, 

endothelium, placenta, …) 

• Treatment monitoring

• Quality control (blood product) 

Methods of Microparticles Detection
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Methods of Microparticles Detection

Barteneva et al. BMC Cell Biology 2013, 14:23

MPs Surface Antigen Expression

Reid VL et al. BJA 2012; 109:503
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Flow Cytometry and EVs

Apoptotic bodies

Microparticels

Exosomes

Size

≈300 nm

≈500 nm

≈100 nm

Plasmatic Level of Leukocyte-Derived Microparticles Is Associated With Unstable 
Plaque in Asymptomatic Patients With High-Grade Carotid Stenosis

Sarlon-Bartoli G et al. J Am Coll Cardiol 2013, 62:1436

MPs as monitoring parameter?

Including the small MP subset provides
new clinically-related information
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… EVs are a good tool - but ...

En vogue?

... no consensus on detection, analysis, quantification ... 

Lötvall J. et al. J Extracell Vesicles 2014, 22:26913 

Since there is currently no consensus on a
‘‘goldstandard’’ method to isolate and/or purify
EVs, it cannot be claimed that there is an ‘‘optimal’’
method that should be uniformly used.
The reader should be aware that the methods that
are most efficient probably depend on (a) the
specific scientific question asked and (b) on the
downstream applications used.
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Zheng Lung Ling et al. Frontiers in Immunology 2011; 29:2

György B et al. Cell Mol Life Sci 2011; 68:2667

10 µm cell

100 nm
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... Limitations and Pitfalls

Preanalytics

Biological

Physical - Technical

MPs: not Shaken, not Stirred! 

J Thromb Haemost. 2012, 3:437-46
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Extracellular Vesicles and Flow Cytometry

• Requirements for the measurement of EVs
• Measurement of the smallest signals which are over the

threshold
• Optimal setting of the threshold

• Set the FSC or SSC trigger signal so that noise is visible
• Maximum EPS

• Decrease the FSC or SSC trigger signal to a channel where
only a minimum signal of noise is present
• ~ 200 EPS

• … or use the fluorescence signal as trigger ?

• Sheath fluid
• Non fluorescence
• Azide free electrolyte solution

… use beads for standardisation (?)
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Standardization using Beads
„GigaMix“

Harrison et al., JTH 2012, 10:916

AB

MP

EX

Size

What do we detect?
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Swarm …

Coincidence
Known problem:  platelet-leukocyte complexes

fluorescent platelets / non-fluorescent red cell events

other aggregates / clumping

… of small vesicles is counted as larger single cell events

Harrison et al., JTH 2012, 10:916

Van der Pol et al., JTH 2012, 10:919

… propability of having n events simultaneously in the
sample stream / passing the laser beam

… underestimates the true concentration of MVs

Small Particles
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Sample was measured for 1 minute and total particles were counted
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Megamix Beads

Megamix beads were diluted in 
destilled water 1:5 and measured
with different flow rates
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Noise – Megamix beads – Flow rate
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Solutions, Proteins and Background

Conclusion

… fluorescent particles, possibly in 
the form of antibody aggregates, are 
present in commercial antibody 
solutions and  these fluorescent 
particles can contribute  to false TF-
and CD14-positive MPs … 

… We suggest that inappropriate 
removal  of fluorescent particles in the 
antibody solutions may also result in 
discrepancy between flow cytometric
detection of  TF expression on MPs 
and lack of TF activity. 

… we propose eliminating them by  
centrifugation for at least 5 min at 
17,000g, and use the supernatant 
for MP staining. This supernatant is 
free of fluorescent interference and 
facilitates detection of true MP
marker events.
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Pentaglobin 1:100 in dist. water CD16 FITC

CD14 APC CD45 Krome Orange

Annexin V FITC Antibody mix after centrifugation

Antibody and Reagent Background

Life was so easy
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Standardization using Beads
„Megamix“

Life is much more complicated
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Standardization using Beads
„Megamix“

… or silica beads … or liposomes … or …

But ........ Refractive Index

Chandler et al., 2011
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Polystyrene - Silica

Polystyrene - Silica
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Trigger: VSSC vs. Fluorescence Channel

Trigger only VSSC

Trigger Cy5 channel

Trigger: VSSC vs. Fluorescence Channel
Trigger only VSSC

Trigger Cy5 channel
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Noise
Sort – Silica Beads: 

100nm, 500nm, 1,000nm

Reanalysis: 100nm Reanalysis: 500nm Reanalysis: 1,000nm

65,000  events/sec
Nozzle tip: 70µm 
Pressure diff.: 0.3

Sorting !!!

Silica and Polystyrene Beads

5,000 ev/sec 10,000 ev/sec

20,000 ev/sec 50,000 ev/sec 70,000 ev/sec 120,000 ev/sec
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Data Analysis
WITH FLOWJO

Claudio Vallan / Ljubljana 5&6.5.2018



Cytometry Analysis Software

KALUZA
DIVA



2 versions of FlowJo

V 10.4.2. Java  “PC”V 9.9.6. Mac



How do you analyze 
flow-cytomery data?

Identify population of interest
=> gating

Get statistics
=> e.g. MFI

Compare results
=> e.g. Population Comparison

Show results to others
=> e.g. 3D plots



Basic concept of a FlowJo analysis

• Load Samples (Workspace)
• Group Samples (Workspace)
• Make Analyses

• Gate (Graph Window)
• Specific Analyses (Platform Windows)
• Statistics (Workspace or Graph Window)

• Make Tables (Table Editor)
• Make Reports (Layout Editor)

file://///Users/darkwing/Desktop/Ljubljana Workshop/Basics.jo
file://///Users/darkwing/Desktop/Ljubljana Workshop/Basics.jo


Prepare data for analysis

Before you start analysing

Verify that your data is ok

Compensate your data

If needed derive new parameters



Sample validity verification



Checking Data for Validity



Compensation
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Compensation Wizard



Calibration

Convert fluorescence measurements into a calibrated unit.
-e.g., absolute number of FITC molecules per cell.
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Derived Parameters



Ratiometric measurments
SNARF-1



Transformations
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‘Logicle’ displays



‘Logicle’ displays



Logicle Scale



sinh



Logicle Scale



Transformation parameters



Extra negative decades



Positive decades

3.5 4.5 5.5



Width

Width = -2 Width = -100

















Polychromatic Plots



Polyvariate Plot



3D presentation



Multigraph overlay



Combination Gates



Gate molding



FJML



FJML



FJML



Statistics

Get statistics

What kind of statistics can you get?



Frequency
Count 

Frequency of Total

Frequency of Parent

Frequency of Grandparent

Frequency of ...



Mean
Median

Mean (Arithmetic Mean)

Geometric Mean

Percentile

Mode

What is MFI?



Deviation
SD (Standard Deviation)

CV (Coefficient of Variation)

Robust CV

Median Absolute Deviation (%)



Cell Cycle



Cell Cycle

View several different models simultaneously and automatically 

calculate the percentage of cells in G1, S, or G2

Median GFP

fluorescence

# Cells

DNA (PI)



2d Cell Cycle

Anti-BrdU Stainings



Proliferation
Identify each generation after division.



Kinetics (Calcium flux)
Calculate and display time-dependent data.



Complexity Reduction Algorithms

Downsampling



Dimension Reduction Algorithms

PCA: Prinicipal Component Analysis

LDA: Linear Discriminant Analysis

tSNE: Stochastig Neighbour Embedding



Clustering Algorithms

Probability Binning

Flow Means (K-Means)



Clustering

Define populations (clusters of cells) automatically.



Multisample Compare



Spade

http://pengqiu.gatech.edu/software/SPADE/



Spade



Spade



Spade



Spice

https://niaid.github.io/spice/

Data Mining & Visualization Software for 
Multicolor Flow Cytometry

https://niaid.github.io/spice/


Source: https://xkcd.com/627/

How to become 
an expert: 
(with any software) 
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