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FLOW CYTOMETRY: 

ANALYSIS, SAMPLE PREP, 
INSTRUMENT AND REAGENTS 



•  Survey	  Results	  
	  
•  “Background”	  

– analysis,	  sample	  prep,	  instrument	  and	  reagents	  



DIAGNOSTICS	  

RESEARCH	  

more	  colors	  do	  not	  	  
provide	  more	  info	  

less	  colors	  does	  not	  
provide	  enough	  info	  

2,	  3,	  4	  

6,	  7,	  more	  



7-‐MARKER	  ANALYSIS	  
	   	  7-‐color	  assay	  

•  1x	  sample:	  
–  CD1/CD2/CD3/CD4/CD5/CD6/CD7	  

•  1x	  unstained	  control	  
•  7x	  singly	  labeled	  controls	  
•  7x	  FMO	  controls	  
	   	   	  	  

	  
	  
	  
	   	   	  Total	  16	  Tubes	  

	  2-‐color	  assay	  
•  6x	  sample:	  

–  CD1/CD2	  
–  CD1/CD3	  
–  CD1/CD4	  
–  CD1/CD5	  
–  CD1/CD6	  
–  CD1/CD7	  

•  1x	  unstained	  control	  
•  7x	  singly	  labeled	  controls	  
	  
	   	  Total	  14	  Tubes	  



7-‐MARKER	  ANALYSIS	  

	   	  3-‐color	  assay	  
•  3x	  sample:	  

–  CD1/CD2/CD3	  
–  CD1/CD4/CD5	  
–  CD1/CD6/CD7	  

•  1x	  unstained	  control	  
•  7x	  singly	  labeled	  controls	  
•  9x	  FMO	  controls	  
	   	   	  	  
	   	   	   	  Total	  20	  Tubes	  



HOW	  MANY	  ‘TUBES’	  IN	  AN	  ASSAY	  ?	  





How	  much	  does	  flow	  cytometry	  contribute	  to	  
variability	  in	  your	  data	  ?	  

similar	  to	  other	  aspects	  of	  process	  
less	  
more	  
don’t	  know	  



What	  aspect	  of	  flow	  cytometry	  
contributes	  most	  to	  variability?	  



Variability-‐related	  FCM	  publicaUons	  









•  Minimize	  spectral	  overlap	  
•  Spectrally	  separated	  
fluorochromes	  

•  Narrow	  bandpass	  filter	  
•  Separate	  excitaTon	  
wavelenghts	  for	  individual	  
fluorochromes	  

•  Feng	  Shui	  in	  panel	  design	  
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Clones	  and	  conjugates	  
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CorrecUng	  for	  spectral	  overlap	  

Novo	  D	  et	  al.	  Cytometry	  Part	  A,	  2013;83:508–520.	  
Generalized	  Unmixing	  Model	  for	  MulTspectral	  Flow	  Cytometry	  UTlizing	  Nonsquare	  CompensaTon	  Matrices.	  	  
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Increasing	  reproducibility	  



Increasing	  reproducibility	  



Emission	  leakage	  in	  tandem	  dyes	  

Bayer	  J	  et	  al.	  Cytometry	  Part	  B,	  2007;72B:8–13	  
ThemaTc	  workshop	  on	  fluorescence	  compensaTon	  secngs	  in	  mulTcolor	  flow	  cytometry.	  	  
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PE-‐tandem	  dyes	  in	  ambient	  light	  
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Hulspas	  et	  al.	  Cytometry	  Part	  A	  	  75A:	  966-‐972,	  2009	  



Keep	  tandems	  in	  the	  dark	  
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Hulspas	  et	  al.	  Cytometry	  Part	  A	  	  75A:	  966-‐972,	  2009	  



DegradaUon	  of	  tandem	  dyes	  
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DESIRED vs UNDESIRED SPECIFIC BINDING 

28	  

0	  	  µg/ml	  
without	  	  

Fc	  receptor	  blocking	  

with	  
Fc	  receptor	  blocking	  

}  Some vendors already include blocking reagents in product 

no	  anUbody	  

monocytes	  

lymphocytes	  



}  An isotype control is an antibody of the same 
isotype as a primary antibody with no relevant 
specificity to the target antigen. Isotype controls 
are used as negative controls to help differentiate 
non-specific background signal from specific 
antibody signal. 

29	  

}  An isotype control is another primary antibody ! 
–  	  ….	  raised	  against	  an	  epitope	  generally	  not	  present	  on	  the	  
target	  cells	  	  

(e.g.	  against	  keyhole	  limpet	  hemocyanin)	  

Megathura	  crenulata	  





(in 0.2 mL) 



	  	  	  	  	  	  	  	  	  	  	  	  	  AnUbody	  UtraUon	  	  	  	  	  	  	  	  	  	  	  

Staining	  Index	  =	  
MeanposiTve	  –	  Meanbackground	  

2	  x	  S.D.background	  



Ab	  concentraUon	  vs	  Ab	  amount	  

•  200	  µg/mL	  
–  19.8	  µL	  sample	  
–  0.2	  µL	  Ab	  
–  2.0	  µg/mL	  
–  40	  ng	  Ab	  

•  (~1.6E+11	  molecules)	  

•  200	  µg/mL	  
–  198	  µL	  sample	  
–  2	  µL	  Ab	  
–  2.0	  µg/mL	  
–  400	  ng	  Ab	  

•  (~1.6E+12	  molecules)	  

Note: a human T lymphocyte contains about 1.2E+05 CD3 molecules. 
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•  Many	  more	  cells	  can	  be	  
labeled	  with	  ‘standard’	  
amount	  of	  anTbody	  

Labeling	  one	  Billion	  Cells	  

Ag	  +	  Ab	   Ag-‐Ab	  k1	  

k2	  free	  
anTgen	  

free	  
anTbody	  

anTgen-‐anTbody	  
complex	  



Hulspas	  R.	  Curr	  Protoc	  Cytom,	  2010,	  Chapter	  6:	  Unit	  6.29	  
TitraTon	  of	  fluorochrome-‐conjugated	  anTbodies	  for	  labeling	  cell	  surface	  markers	  on	  live	  cells.	  	  



Hulspas	  R.	  Curr	  Protoc	  Cytom,	  2010,	  Chapter	  6:	  Unit	  6.29	  
TitraTon	  of	  fluorochrome-‐conjugated	  anTbodies	  for	  labeling	  cell	  surface	  markers	  on	  live	  cells.	  	  








