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Definition  

	
  
Panel	
  is	
  a	
  combina)on	
  of	
  reagents,	
  usually	
  an)bodies,	
  that	
  recognize	
  surface	
  and	
  
intracellular	
   molecules	
   allowing	
   the	
   iden)fica)on	
   of	
   cell	
   popula)ons	
   in	
   a	
   given	
  
sample/)ssue.	
  
	
   Spleen 

Before	
  star)ng	
  your	
  panel,	
  define:	
  
	
  
-­‐Which	
  cells	
  are	
  the	
  target	
  of	
  the	
  experiment	
  
-­‐Find	
  out	
  how	
  these	
  cells	
  are	
  iden)fied	
  in	
  the	
  literature,	
  or	
  by	
  past	
  experience	
  
-­‐Define	
  a	
  consecu)ve	
  ga)ng	
  strategy	
  	
  in	
  order	
  to	
  obtain	
  clear	
  and	
  interpretable	
  data.	
  
	
  
	
  

.  
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Ga#ng	
  strategy	
  	
  	
  

	
  
The	
  process	
  of	
  ga)ng	
   is	
   simply	
   selec)ng	
  an	
  area	
  on	
   the	
   scaOer	
  plots	
  or	
  histograms	
   to	
  
iden)fy	
  and	
  define	
  subsets	
  of	
  popula)ons	
  for	
  further	
  analysis.	
  	
  
	
  
Subsets	
  defined	
  by	
  a	
  gate	
  are	
  exactly	
  like	
  subsets	
  in	
  biology:	
  they	
  represent	
  a	
  frac)on	
  of	
  
cells	
  with	
  specified	
  proper)es.	
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How	
  to	
  prepare	
  an	
  An#body	
  Panel?	
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Golden	
  Rule	
  	
  

“Be	
  pa#ent	
  in	
  developing/op#mizing	
  
your	
  panel”	
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Principles	
  of	
  Panel	
  Design	
  	
  

•  Know	
  your	
  instrument	
  
•  Determine	
  an)gen	
  expression	
  and	
  density	
  
•  Determine	
  An)gen-­‐Fluorochrome	
  Combos	
  	
  
•  Minimize	
  spillover	
  
•  Spread	
  an)gens	
  across	
  lasers	
  
•  Consider	
  technical	
  limita)ons	
  of	
  tandem	
  dyes	
  
•  Use	
  appropriate	
  controls	
  	
  
•  Tips	
  to	
  improve	
  your	
  panel	
  

•  Mul#-­‐Parameter	
  Flow	
  Cytometry	
  Experiment	
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Know	
  your	
  instrument	
  

	
  
•  Laser	
  and	
  detectors:	
  the	
  type	
  and	
  number	
  of	
  laser	
  and	
  detectors	
  dictate	
  whether	
  the	
  

op)cal	
  system	
  can	
  excite	
  and	
  detect	
  a	
  given	
  fluorochrome.	
  
	
  

BD	
  FACScanto	
  II:	
  
405-­‐488-­‐633	
  
Fluorescence	
  detectors:	
  8	
  	
  

BD	
  Accuri	
  C6:	
  
488-­‐633	
  
Fluorescence	
  detectors:	
  4	
  	
  
	
  
	
  	
  

BD	
  LSRFortessa:	
  
355-­‐405-­‐488-­‐561-­‐633	
  
Fluorescence	
  detectors:	
  16	
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https://www.bdbiosciences.com/documents/Fluorochrome-Chart-Relative-Brightness.pdf 

Rankings	
  were	
  determined	
  by	
  comparing	
  the	
  staining	
  index	
  of	
  cells	
  stained	
  with	
  several	
  
an)body	
  clones	
  run	
  on	
  a	
  variety	
  of	
  flow	
  cytometers.	
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Maecker and trotter, Selecting reagents for multicolor flow cytometry. BD Application Note 

	
  
•  Fluorochromes	
  Brightness:	
  Available	
  dyes	
  could	
  be	
  rank	
  according	
  to	
  their	
  brightness	
  

on	
  a	
  given	
  instrument.	
  

	
  	
  	
  	
  Stain	
  Index:	
  “How	
  resolvable	
  the	
  signal	
  is	
  over	
  the	
  unstained	
  cell	
  popula)on”	
  

When	
  the	
  same	
  an)body	
  is	
  conjugated	
  to	
  various	
  dyes,	
  their	
  stain	
  indexes	
  can	
  be	
  
compared	
  to	
  determine	
  the	
  rela)ve	
  brightness	
  of	
  the	
  dyes	
  on	
  a	
  par)cular	
  instrument.	
  	
  
	
  

__________________________	
  	
  	
  SI=	
  	
  
μ	
  Posi)ve-­‐	
  	
  μ	
  Background	
  
	
  
	
  	
  	
  	
  	
  	
  2	
  x	
  SD	
  Background	
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Principles	
  of	
  Panel	
  Design	
  	
  

•  Know	
  your	
  instrument	
  
•  Determine	
  an#gen	
  expression	
  and	
  density	
  
•  Determine	
  An)gen-­‐Fluorochrome	
  Combos	
  	
  
•  Minimize	
  spillover	
  
•  Spread	
  an)gens	
  across	
  lasers	
  
•  Consider	
  technical	
  limita)ons	
  of	
  tandem	
  dyes	
  
•  Use	
  appropriate	
  controls	
  	
  
•  Tips	
  to	
  improve	
  your	
  panel	
  
	
  
•  Mul)-­‐Parameter	
  Flow	
  Cytometry	
  Experiment	
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An)gens	
  are	
  classified	
  in	
  one	
  of	
  the	
  following	
  three	
  categories:	
  	
  	
  

Primary:	
  	
  
Expression:	
  ON/OFF	
  
Used	
  to	
  gate	
  on	
  cellular	
  subsets	
  

Secondary:	
  	
  
Expression	
  is	
  oden	
  a	
  con)nuum	
  
High	
  molecular	
  density	
  

Ter#ary:	
  	
  
Expressed	
  at	
  low	
  levels	
  
Or	
  uncharacterized	
  

Mahnke,	
  Y,	
  	
  Clin	
  Lab	
  Med,	
  37(2):364-­‐76,	
  Au	
  2007:	
  “Op)mizing	
  a	
  Mul)-­‐colour	
  Immunophenotyping	
  Assay.”	
  	
  

Antigen expression and density  

Lineage	
  markers	
  

Ac#va#on	
  markers	
  

“Difficult	
  an#gens”	
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An)gen	
  density	
  determined	
  on	
  human	
  blood	
  samples	
  using	
  PE	
  conjugated	
  
an)bodies	
  to	
  each	
  an)gen	
  and	
  BD	
  Quan)brite™	
  beads	
  for	
  quan)ta)on.	
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Principles	
  of	
  Panel	
  Design	
  	
  

•  Know	
  your	
  instrument	
  
•  Determine	
  an)gen	
  expression	
  and	
  density	
  
•  Determine	
  An#gen-­‐Fluorochrome	
  Combos	
  	
  
•  Minimize	
  spillover	
  
•  Spread	
  an)gens	
  across	
  lasers	
  
•  Consider	
  technical	
  limita)ons	
  of	
  tandem	
  dyes	
  
•  Use	
  appropriate	
  controls	
  	
  
•  Tips	
  to	
  improve	
  your	
  panel	
  
	
  
•  Mul#-­‐Parameter	
  Flow	
  Cytometry	
  Experiment	
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Define	
  winning	
  combina)ons	
  matching	
  fluorochromes	
  brightness	
  	
  with	
  an)gen	
  
density.	
  
	
  
•  Reserve	
  the	
  brightest	
  fluorochrome	
  for	
  dim	
  an)gens	
  and	
  dim	
  fluorochromes	
  for	
  

an)gens	
  highly	
  expressed.	
  
	
  
	
  	
  	
  	
  	
  CD4	
  	
  	
  	
  Lineage	
  marker	
  	
  	
  	
  	
  	
  	
  -­‐-­‐-­‐-­‐-­‐-­‐-­‐	
  	
  	
  36,400	
  m/cell-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐Dim	
  fluorochrome	
  	
  	
  	
  
	
  	
  	
  	
  	
  CD25	
  	
  Low	
  expressed	
  ag	
  	
  	
  -­‐-­‐-­‐-­‐-­‐-­‐-­‐	
  	
  	
  3,400	
  	
  	
  m/cell-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐Bright	
  fluorochrome	
  	
   	
  

	
  	
  
	
  
	
  
	
  	
  

	
   	
   	
   	
  	
  
	
  
	
  	
  	
  	
  	
  

Determine	
  an#gen-­‐fluorochrome	
  combos	
  
	
  

CD4	
  FITC	
   	
  	
  
CD25	
  APC 	
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When	
  an)gens	
  with	
  low	
  level	
  expression	
  	
  are	
  assigned	
  to	
  “dull”	
  fluorochrome:	
  
Underes)ma)on	
  of	
  the	
  size	
  of	
  the	
  posi)ve	
  popula)on-­‐-­‐-­‐-­‐False	
  nega)ve.	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
•  Start	
  with	
  a	
  “difficult	
  an)gen”:	
  	
  
Ag	
  expressed	
  on	
  a	
  small	
  popula)on	
  and	
  or/at	
  low	
  level	
  
Few	
  an)body	
  conjugate	
  op)ons.	
  	
  
	
  
	
  	
  	
  

CD4	
  APC	
   	
  	
  
CD25	
  FITC 	
  	
  

Cytokines	
  
Transcrip#onal	
  factors	
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Principles	
  of	
  Panel	
  Design	
  	
  

•  Know	
  your	
  instrument	
  
•  Determine	
  an)gen	
  expression	
  and	
  density	
  
•  Determine	
  An)gen-­‐Fluorochrome	
  Combos	
  	
  
•  Minimize	
  spillover	
  
•  Spread	
  an)gens	
  across	
  lasers	
  
•  Consider	
  technical	
  limita)ons	
  of	
  tandem	
  dyes	
  
•  Use	
  appropriate	
  controls	
  	
  
•  Tips	
  to	
  improve	
  your	
  panel	
  
	
  
•  Mul#-­‐Parameter	
  Flow	
  Cytometry	
  Experiment	
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Minimize	
  the	
  spillover	
  

Minimize	
  the	
  poten)al	
  of	
  spectral	
  overlap	
  when	
  choosing	
  a	
  reagent	
  combina)on.	
  
	
  

	
  
Spectral	
  overlap	
  in	
  the	
  APC	
  detector	
  
	
  

As	
  soon	
  as	
  more	
  colors	
  are	
  included	
  in	
  the	
  panel,	
  more	
  spillover	
  between	
  those	
  
colors	
  that	
  will	
  have	
  to	
  deal	
  with!!	
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Instruments	
  deal	
  with	
  spillover	
  applying	
  	
  -­‐-­‐-­‐-­‐-­‐-­‐-­‐	
  compensa)on	
  

Ader	
  compensa)on	
  FITC+	
  popula)on	
  will	
  show	
  no	
  PE	
  fluorescence	
  
	
  
Individual	
  cells	
  can	
   fall	
  above	
  or	
  below	
  the	
  mean,	
   increasing	
   	
   the	
  SD	
  of	
   that	
  
popula)on	
  in	
  the	
  PE	
  channel	
  -­‐-­‐-­‐-­‐-­‐	
  Data	
  Spread.	
  
 	
  
The	
  greater	
  the	
  spillover,	
  greater	
  the	
  spread	
  of	
  the	
  compensated	
  posi#ve	
  

popula#on.	
  
 

Compensated Uncompensated 

+ + 
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Spread	
   data	
   could	
   affects	
   the	
   resolu#on	
   of	
   dim	
   signals	
   in	
   the	
   second	
  
channel!!!.	
  
	
  
	
  

Use	
  on-­‐line	
  spectral	
  viewer	
  tools	
  to	
  predict	
  spillover	
  !!!	
  

CD25	
   posi)ve	
   cells	
   (APC)	
   could	
   no	
   longer	
   be	
   dis)nguished	
   from	
   the	
  
increased	
  background	
  of	
  the	
  the	
  CD4	
  PECy5	
  staining	
  into	
  the	
  APC	
  channel.	
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Principles	
  of	
  Panel	
  Design	
  	
  

•  Know	
  your	
  instrument	
  
•  Determine	
  an)gen	
  expression	
  and	
  density	
  
•  Determine	
  An)gen-­‐Fluorochrome	
  Combos	
  	
  
•  Minimize	
  spillover	
  
•  Spread	
  an#gens	
  across	
  lasers	
  
•  Consider	
  technical	
  limita)ons	
  of	
  tandem	
  dyes	
  
•  Use	
  appropriate	
  controls	
  	
  
•  Tips	
  to	
  improve	
  your	
  panel	
  
	
  
•  Mul#-­‐Parameter	
  Flow	
  Cytometry	
  Experiment	
  	
  
	
  
	
  



561nm 405nm 488nm 
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Spread	
  an#gens	
  across	
  lasers	
  

If	
  mul)ple	
  an)gens	
  are	
  present	
  on	
  a	
  cell,	
  spread	
  them	
  across	
  as	
  many	
  lasers	
  as	
  
possible	
  to	
  minimize	
  compensa)on	
  and	
  spillover.	
  

Instrument	
  lasers:	
  	
  	
  	
  	
  	
  Pick	
  one	
  color	
  off	
  each	
  laser:	
  
	
  
488	
  	
  	
  	
  
405	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
561	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
633	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  

FITC 

640nm 
APC 

PE 

BV421 

FITC	
  
BV421	
  
PE	
  
APC	
  



488nm 
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Instrument	
  laser:	
  pick	
  one	
  color	
  off	
  each	
  laser:	
  
	
  
488	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
405	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
561	
  
640	
  

GFP 

561nm 

mChery 

405nm 
BFP 

Fluorescent	
  Protein	
  Mul#	
  color	
  panel	
  

GFP,	
  YFP,	
  Venus,Citrine	
  
BFP,CFP	
  
mCherry,	
  DsRed.	
  

633nm 

iRFP 

iRFP	
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Principles	
  of	
  Panel	
  Design	
  	
  

•  Know	
  your	
  instrument	
  
•  Determine	
  an)gen	
  expression	
  and	
  density	
  
•  Determine	
  An)gen-­‐Fluorochrome	
  Combos	
  	
  
•  Minimize	
  spillover	
  
•  Spread	
  an)gens	
  across	
  lasers	
  
•  Consider	
  technical	
  limita#ons	
  of	
  tandem	
  dyes	
  
•  Use	
  appropriate	
  controls	
  	
  
•  Tips	
  to	
  improve	
  your	
  panel	
  
	
  
•  Mul#-­‐Parameter	
  Flow	
  Cytometry	
  Experiment	
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Technical	
  limita#ons	
  of	
  tandem	
  dyes	
  

Some	
  tandem	
  dyes	
  (APC	
  Cy7,	
  PE	
  Cy7)	
  can	
  degrade	
  in	
  the	
  presence	
  of	
  light,	
  high	
  
temperatures	
  and	
  fixa)on,	
  emisng	
  light	
  in	
  the	
  parent	
  dye	
  detector.	
  	
  

Maecker	
  HT,	
  Frey	
  T,	
  Nomura	
  LE,	
  TroOer	
  J.	
  Selec)ng	
  Fluorochrome	
  conjugates	
  for	
  maximum	
  sensi)vity.	
  Cytometry	
  A	
  2004;	
  
62:169-­‐173.	
  	
  

Gated	
  on	
  CD8+	
   Gated	
  on	
  CD4+	
  

	
  
Avoid	
  the	
  exposure	
  of	
  stained	
  samples	
  to	
  light/heat/PFA	
  based	
  fixa)ves	
  
Replace	
  APC	
  Cy7	
  for	
  APC	
  H7,	
  with	
  enhanced	
  stability	
  to…	
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Principles	
  of	
  Panel	
  Design	
  	
  

•  Know	
  your	
  instrument	
  
•  Determine	
  an)gen	
  expression	
  and	
  density	
  
•  Determine	
  An)gen-­‐Fluorochrome	
  Combos	
  	
  
•  Minimize	
  spillover	
  
•  Spread	
  an)gens	
  across	
  lasers	
  
•  Consider	
  technical	
  limita)ons	
  of	
  tandem	
  dyes	
  
•  Use	
  appropriate	
  controls	
  	
  
•  Tips	
  to	
  improve	
  your	
  panel	
  
	
  
•  Mul#-­‐Parameter	
  Flow	
  Cytometry	
  Experiment	
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Appropriate controls 
   	
  
•  Instrument	
  set	
  up	
  and	
  valida)on:	
  CST	
  beads,	
  8	
  peak	
  beads.	
  	
  

•  Biological	
  controls:	
  	
  Uns)mulated/s)mulated	
  
	
  
•  Ga)ng	
  controls:	
  are	
  cri)cal	
  for	
  ensuring	
  the	
  proper	
  cells	
  are	
  iden)fied.	
  
“Fluorescence-­‐Minus-­‐One”	
  (FMO):	
  	
  Control	
  sample	
  that	
  has	
  all	
  an)bodies	
  except	
  
one:	
  Typically	
  directed	
  against	
  a	
  ter)ary	
  an)gens.	
  	
  
	
  
	
  
	
  
	
  

Assess	
  the	
  contribu)on	
  of	
  spillover	
  into	
  one	
  par)cular	
  detector,	
  facilita)ng	
  the	
  precise	
  ga)ng	
  of	
  
nega)ve	
  and	
  posi)ve	
  popula)on	
  boundaries.	
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Principles	
  of	
  Panel	
  Design	
  	
  

•  Know	
  your	
  instrument	
  
•  Determine	
  an)gen	
  expression	
  and	
  density	
  
•  Determine	
  An)gen-­‐Fluorochrome	
  Combos	
  	
  
•  Minimize	
  spillover	
  
•  Spread	
  an)gens	
  across	
  lasers	
  
•  Consider	
  technical	
  limita)ons	
  of	
  tandem	
  dyes	
  
•  Use	
  appropriate	
  controls	
  	
  
•  Tips	
  to	
  improve	
  your	
  panel	
  
	
  
•  Mul#-­‐Parameter	
  Flow	
  Cytometry	
  Experiment	
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Reduce non-specific binding 

In	
  addi)on	
  to	
  binding	
  to	
  receptors	
  of	
  interest,	
  an)bodies	
  may	
  also	
  bind	
  to	
  other	
  
sites	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  nonspecific	
  binding	
  (NSB).	
  

•  Fc	
  receptor	
  mediated	
  
Mouse:	
  CD16/32	
  -­‐-­‐-­‐	
  Fcy	
  II/III	
  receptors	
  
Human:	
  Human	
  Ig	
  or	
  10%	
  autologous	
  serum	
  in	
  
PBS.	
  

•  Binding	
  to	
  a	
  non-­‐specific	
  target.	
  

•  Binding	
  to	
  dead	
  cells	
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Antibody titration 
	
  
Determine	
  the	
  an)body	
  concentra)on	
  	
  resul)ng	
  in	
  the	
  highest	
  signal	
  of	
  the	
  
posi)ve	
  popula)on	
  and	
  the	
  lowest	
  signal	
  of	
  the	
  nega)ve	
  popula)on.	
  
	
  	
  	
  

Nonspecific	
  binding:	
  The	
  total	
  number	
  of	
  an)body	
  
molecules	
  greatly	
  exceeds	
  the	
  number	
  of	
  target	
  
an)gens.	
  	
  

1/200 

1/600 

Saturated	
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1/25 

1/50 
1/100 
1/200 

U/S 
1/3200 
1/1600 
1/800 
1/400 

Ab Dilution 

Signal-­‐to-­‐noise	
  ra#o:	
  Choose	
  the	
  dilu)on	
  that	
  gives	
  you	
  the	
  best	
  discrimina)on	
  
between	
  the	
  posi)ve	
  and	
  the	
  nega)ve	
  cells.	
  	
  	
  	
  	
  

0 

2 

4 

6 

8 

10 

12 

0 1/3200 1/1600 1/800 1/400 1/200 1/100 1/50 1/25 

M
FI

+/
M

FI
- 

Ratio MFI Pos/MFI Neg 

Titrate	
  all	
  your	
  reagents	
  to	
  op)mize	
  signal,	
  achieve	
  satura)on,	
  minimize	
  background	
  
and	
  economize	
  reagents.	
  	
  



23/04/16 33 

An)body	
  )tra)on	
  protocol:	
  
	
  
	
  
•  Refers	
  to	
  the	
  an)body	
  data	
  sheet	
  -­‐-­‐-­‐-­‐	
  valuable	
  informa)on.	
  

•  Perform	
   the	
   )tra)on	
   in	
   a	
   cell	
   type/s)mula)on	
   condi)on	
   in	
   which	
   a	
   max.	
  
amount	
  of	
  an)gen	
  is	
  available	
  for	
  staining.	
  	
  

	
  
•  Centrifuge	
   newly	
   acquired	
   an)bodies	
   at	
   high	
   speed	
   to	
   eliminate	
   aggregated	
  

immunoglobulin	
  -­‐-­‐-­‐	
  source	
  nonspecific	
  binding.	
  	
  

•  Stain	
  1x106	
  cells	
  in	
  100ul	
  of	
  an)body	
  dilu)on.	
  
	
  
•  Evaluate	
  an)body	
  dilu)ons	
  from	
  1/25	
  to	
  1/3200	
  (serial	
  dilu)ons).	
  
	
  
•  Titra)on	
   of	
   an)bodies	
   that	
   require	
   a	
   secondary	
   an)body:	
   Test	
   different	
  

concentra)ons	
   of	
   the	
   primary	
   an)body,	
   keeping	
   a	
   fix	
   concentra)on	
   of	
   the	
  
secondary	
  (1/200).	
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Cell	
  viability	
  assessment	
  

An)bodies	
  conjugates	
  tends	
  to	
  bind	
  non-­‐specifically	
  to	
  dead	
  cells,	
  crea)ng	
  false	
  
posi)ve	
  events.	
  	
  
	
  
Dead	
  cells	
  could	
  be	
  iden)fy	
  and	
  exclude	
  by	
  the	
  use	
  of	
  viability	
  dyes:	
  
-­‐DNA	
  binding	
  dyes:	
  	
   	
  	
  	
  	
  	
  	
  	
  PI,	
  DAPI,	
  7AAD,	
  Sytox.	
  	
  
-­‐Cellular	
  amines	
  binding	
  dyes:	
  	
  	
  	
  	
  Live/Dead	
  Fixable	
  Dead	
  Cell	
  Stain	
  	
  	
  
	
  
	
  
	
  
	
  
	
  	
  	
  	
  

Live	
  cell	
  

Intact	
  membrane	
  
No	
  entry	
  of	
  the	
  dye	
  

Apopto#tc-­‐Dead	
  cell	
  

Compromised	
  membrane	
  
Entry	
  of	
  the	
  dye:	
  Posi)ve	
  signal	
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Morphological gates (FSC/SSC) alone are not sufficient to discriminate live 
from apoptotic or necrotic cells.  Dead cells could actually overlay live cells.    

Include	
  always	
  a	
  dye	
  to	
  discriminate	
  live	
  cells.	
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Consider	
   the	
   inclusion	
  of	
   a	
  dump	
   channel,	
   to	
   remove	
  non-­‐desired	
   cell	
   subsets	
  by	
  
labelling	
  all	
  with	
   the	
  same	
  fluorochrome	
  then	
  ga)ng	
  and	
   focusing	
   in	
   the	
  nega)ve	
  
popula)on.	
  

Lineage	
  +:	
  	
  APC	
  CYC7	
  
CD3:	
  	
  	
   	
  	
  T	
  cells	
  
CD19:	
  	
   	
  B	
  cells	
  
CD11b: 	
  Neutro	
  +	
  Monocytes	
  
NK	
  1.1: 	
  NK	
  cells	
  

Dump channel 

Lineage	
  

Co
un

ts
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Sample	
  prepara#on	
  	
  
	
  
Bring	
  cells	
  into	
  a	
  single	
  cell	
  suspension	
  
	
  
1.   Adherent	
  cell:	
  Trypsin/Accutase.	
  
	
  
2.	
  Enrichment	
  of	
  the	
  target	
  popula#on:	
  
	
  	
  
Density	
  gradient	
  :	
  Cells	
  are	
  separated	
  based	
  on	
  their	
  density	
  
leaving	
  behind	
  visible	
  layers	
  with	
  dis)nct	
  cell	
  popula)ons.	
  

3.	
  Solid	
  #ssue:	
  	
  
	
  
Mechanical	
  dissocia)on	
  
Enzyma)c	
  diges)on:	
  Op)mal	
  recovery	
  of	
  cell	
  
-­‐Collagenase:	
  Digest	
  na)ve	
  collagen	
  -­‐-­‐-­‐-­‐	
  Major	
  fibrous	
  component	
  of	
  the	
  ECM	
  
-­‐DNase	
  I:	
  DNA	
  removal	
  in	
  cell	
  isola)on	
  -­‐-­‐-­‐-­‐-­‐-­‐	
  Reduce	
  viscosity	
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hap://www.worthington-­‐biochem.com/default.html	
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Principles	
  of	
  Panel	
  Design	
  	
  

•  Know	
  your	
  instrument	
  
•  Determine	
  an)gen	
  expression	
  and	
  density	
  
•  Determine	
  An)gen-­‐Fluorochrome	
  Combos	
  	
  
•  Minimize	
  spillover	
  
•  Spread	
  an)gens	
  across	
  lasers	
  
•  Consider	
  technical	
  limita)ons	
  of	
  tandem	
  dyes	
  
•  Use	
  appropriate	
  controls	
  	
  
•  Tips	
  to	
  improve	
  your	
  panel	
  
	
  
•  Mul#-­‐Parameter	
  Flow	
  Cytometry	
  Experiment	
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Aim:	
  “Iden#fy	
  Lymphocyte	
  subsets	
  in	
  the	
  spleen”	
  

1.   Biology	
  of	
  the	
  sample:	
  
	
  
•  Tissue:	
  Spleen	
  -­‐-­‐-­‐-­‐-­‐-­‐-­‐	
  Mechanical	
  disaggrega)on	
  -­‐-­‐-­‐-­‐-­‐-­‐	
  Viability	
  	
  	
  	
  
	
  
•  Define	
  the	
  popula)ons	
  to	
  study	
  and	
  the	
  an)gens	
  that	
  they	
  expressed	
  

	
  
	
  

Cell tpe Antigens 

B cells  CD19 

Follicular B  CD23 

Marginal B CD21/35 

T cells CD3/CD5 

CD4 T cells CD4 

CD4+CD25+ CD4+CD25+ 

CD8 T cells CD8 

Multi-Parameter Experiment 
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Antigen  Category Fluorochrome Considerations 

CD19 

CD21/35 

CD23 

CD4 

CD8 

CD25 

1 

1 

1 

2 

2 

3 BV421 

APC H7 

FITC 

PE Cy5 

APC 

PE Cy7 

2.	
  Reagent	
  selec#on	
  

Avoid spillover 
from CD4 
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  3.	
  Analyze	
  combina#on	
  of	
  ab	
  conjugates	
  	
  in	
  every	
  cell	
  type	
  	
  

Cell tpe Antigens 

Follicular B 
cells  

CD19 APC H7-CD23 PE Cy7 

Marginal B 
cells 

CD19 APC H7-CD21 APC 

CD4 T cells CD4 FITC 

CD4+CD25+ CD4 FITC-CD25 BV421 

CD8 T cells CD8 PE Cy5 

Use	
  fluorochromes	
  excited	
  by	
  different	
  lasers	
  to	
  reduce	
  compensa)on	
  
requirements.	
  

CD25 BV421 

CD4 FITC 

CD8 PE Cy5 

CD23 PE Cy7 

CD19 AC H7 

CD21 APC 



4.	
  Staining	
  protocol	
  
	
  
•  Staining	
  buffer:	
  Add	
  EDTA	
  to	
  avoid	
  cell	
  aggrega)on	
  
	
  
•  Stain	
  on	
  ice	
  to	
  prevent	
  internaliza)on	
  of	
  an)gen:an)body	
  complexes	
  
	
  
•  	
  Keep	
  samples	
  protected	
  from	
  light	
  and	
  heat	
  to	
  avoid	
  tandem	
  degrada)on	
  
	
  
	
  
5.	
  Run	
  appropriate	
  controls:	
  
	
  
•  Unstained	
  and	
  single	
  stained	
  controls:	
  Compensa)on	
  Matrix	
  

•  Ga)ng	
  controls:	
  Fluorescence	
  minus	
  one	
  	
  	
  	
  	
  	
  	
  
	
  	
  	
  	
  	
  	
  	
  
•  Biological	
  controls:	
  uns)mulated-­‐s)mulated	
  

	
  	
  

	
  
	
  
	
  
	
  
	
  
	
  



BV421 

405 nm 

488 nm 

FITC PE-Cy5 PE-Cy7 

561 nm 

APC 

633 nm 

APC-H7 

y	
  =	
  look	
  sequen)ally	
  at	
  all	
  parameters	
  in	
  the	
  spectrum	
  order	
  of	
  light	
  	
  

Verifica)on	
  of	
  every	
  parameter	
  against	
  the	
  another	
  ones.	
  Mix	
  of	
  single	
  stained	
  
controls.	
  

Fine-­‐tune	
  the	
  compensa#on	
  matrix	
  
	
  

FI
TC

 
FI

TC
 

FI
TC

 

FI
TC

 

FI
TC

 

FI
TC
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6	
  an#bodies,	
  1	
  viability	
  dye,	
  9	
  Parameters	
  to	
  determine	
  6	
  Popula#ons	
  

Spleen	
  panel	
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Time	
  

Experiment	
  	
  set-­‐up	
   Data	
  processing	
  	
   Results	
  	
  

“Smart	
  panel	
  design	
  strategy”	
  
Compensa)on	
  matrix	
  verifica)on	
  
Templates	
  for	
  acquisi)on/analysis	
  

Summary	
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Thanks	
  a	
  lot	
  	
  

Alexandros!! 
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