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The	  basophil	  ac+va+on	  test	  (BAT)	  

•  Basophil	  ac+va+on	  tes+ng	  
–  Ex	  vivo	  allergen	  s+mula+on	  
–  Upregula+on	  of	  ac+va+on	  markers	  
–  Data	  acquisi+on	  by	  flow	  cytometry	  

•  IgE-‐mediated	  allergies	  
–  Allergens:	  Environmental,	  Venom,	  Drug,	  Food	  
–  Clinical	  applica+ons:	  Diagnosis,	  Immunotherapy	  

correlation to clinical outcomes, and its kinetics. We will
discuss possible intrinsic and extrinsic mechanisms of
modulation. Intrinsic mechanisms reflect the internal pro-
cesses in basophils that may impact activation, whereas
extrinsic mechanisms refer to factors outside the individual
basophils which may impact their activation.

Measuring basophil activation and its suppression

One important aspect of allergen-induced basophil
degranulation is the allergen dose–response curve, which has
several important aspects that significantly influence the
interpretation of clinical studies discussed in this article. The
dose–response curve of IgE-mediated human basophil
stimulation with increasing doses of antigen is generally very
broad (often greater than 5 log difference) and is often sig-
nificantly bell-shaped (i.e. having both sub- and supraopti-
mal dose ranges) (see Fig. 2). In addition, there is a large
degree of variability of basophil sensitivity and maximal

responsiveness among different allergic donors to the same
allergen. Investigators have used specific characteristics of
the dose–response curve, including the maximal activation
(basophil reactivity, CDmax) as well as the effective dose at
50% of the maximal activation [50% effective dose (ED50) or
basophil sensitivity, CDsens], in comparisons between indi-
vidual donors [3,9,13]. We therefore propose calculating the
area under the curve (AUC; see Fig. 2) as an alternate
method of comparing basophil responses.

Clinical studies of basophil activity
during immunotherapy

Allergen-specific immunotherapy effectively improves clini-
cal symptoms of IgE-mediated, type I hypersensitivity to a
variety of allergens [12,14]. The underlying mechanism of
this clinical efficacy has been speculated to relate to the sup-
pression of allergic effector cells resulting in decreased
release of immediate effector molecules. Suppression of

Fig. 1. Markers of basophil activation.
Basophils, identified on scatter characteristics
and as CD123+CRTH2+ HLA-DR– cells, from
a mouse allergic donor demonstrate
up-regulation of CD203c and increased
frequency of CD63hi with activation.
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Fig. 2. Characteristics of the basophil dose–
response curve. Plotting of immunoglobulin
(Ig)E-mediated basophil activation with increas-
ing antigen doses leads to a dose–response curve
as above. A. The maximal dose response is also
known as basophil reactivity, and the effective
dose at 50% of the maximal dose response
(ED50) is also referred to as basophil sensitivity.
*Refers the supraoptimal part of the dose–
response curve. B. Another method of compari-
son of basophil curves could use the area under
the curve (AUC). C. Variation in basophil
maximal dose response between donors with
similar basophil reactivity. D. Variation in baso-
phil reactivity between donors with similar
maximal dose response.
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Programma+c	  flow	  cytometry	  data	  
analysis	  
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Clinical	  Dataset:	  
Peanut	  oral	  immunotherapy	  

Blood Draw 
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•  Single	  center	  trial	  (N=30)	  
•  Pediatric	  (7-‐21	  years	  old)	  
•  Peanut	  allergic	  (+SPT,	  +sIgE)	  
•  Increasing	  doses	  of	  peanut	  flour	  
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PROGRAMMATIC	  APPROACH	  
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Programma+c	  applica+on:	  
BATgate	  

•  BATgate()	  
–  Func+on	  designed	  for	  basophil	  ga+ng	  and	  iden+fica+on	  of	  ac+vated	  

basophils	  (%CD63hi)	  
–  Step-‐wise	  ga+ng	  strategy	  



Step-‐wise	  ga+ng	  approach	  
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Programma+c	  applica+on:	  
BATgate	  

•  BATgate()	  
–  Func+on	  designed	  for	  basophil	  ga+ng	  and	  iden+fica+on	  of	  ac+vated	  

basophils	  (%CD63hi)	  
–  Step-‐wise	  ga+ng	  strategy	  
–  Input	  

•  Workingdir	  
•  Fluorophores	  
•  SSno	  
•  Medcontroltube	  

–  Outputs	  
•  Csv	  file	  with	  data	  sta+s+cs	  for	  each	  s+mula+on	  condi+on	  
•  Pdf	  file	  of	  ga+ng	  graphics	  for	  each	  condi+on	  for	  visualiza+on	  



Programma+c	  applica+on:	  
BATmeasures	  

•  BATmeasures()	  
–  Func+on	  designed	  to	  derive	  dose-‐response	  measures	  of	  an+gen	  s+mulated	  

basophils	  
–  Measures:	  

•  ED50	  
•  Area-‐under-‐the-‐curve	  by	  using	  log	  of	  the	  s+mula+on	  concentra+on	  

–  Input	  
•  data:	  the	  data.frame	  being	  used	  for	  measurement	  of	  BAT	  

–  Needs	  to	  have	  removal	  of	  any	  non-‐dose	  response	  data	  
•  groupvariables:	  the	  grouping	  variables	  to	  iden+fy	  each	  dose-‐response	  series	  

–  Ie:	  Pa+ent,	  visit,	  s+mula+on	  condi+on	  
•  output.file:	  name	  of	  the	  output	  file	  

–  Output	  
•  An	  csv	  file	  with	  the	  name	  of	  the	  output.file,	  with	  ED50	  and	  AUC	  
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GATING	  CD63	  UPREGULATION	  
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Gating on resting basophils 

Gating based on anti-FcERI activated basophils 
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Measures	  of	  BAT	  

correlation to clinical outcomes, and its kinetics. We will
discuss possible intrinsic and extrinsic mechanisms of
modulation. Intrinsic mechanisms reflect the internal pro-
cesses in basophils that may impact activation, whereas
extrinsic mechanisms refer to factors outside the individual
basophils which may impact their activation.

Measuring basophil activation and its suppression

One important aspect of allergen-induced basophil
degranulation is the allergen dose–response curve, which has
several important aspects that significantly influence the
interpretation of clinical studies discussed in this article. The
dose–response curve of IgE-mediated human basophil
stimulation with increasing doses of antigen is generally very
broad (often greater than 5 log difference) and is often sig-
nificantly bell-shaped (i.e. having both sub- and supraopti-
mal dose ranges) (see Fig. 2). In addition, there is a large
degree of variability of basophil sensitivity and maximal

responsiveness among different allergic donors to the same
allergen. Investigators have used specific characteristics of
the dose–response curve, including the maximal activation
(basophil reactivity, CDmax) as well as the effective dose at
50% of the maximal activation [50% effective dose (ED50) or
basophil sensitivity, CDsens], in comparisons between indi-
vidual donors [3,9,13]. We therefore propose calculating the
area under the curve (AUC; see Fig. 2) as an alternate
method of comparing basophil responses.

Clinical studies of basophil activity
during immunotherapy

Allergen-specific immunotherapy effectively improves clini-
cal symptoms of IgE-mediated, type I hypersensitivity to a
variety of allergens [12,14]. The underlying mechanism of
this clinical efficacy has been speculated to relate to the sup-
pression of allergic effector cells resulting in decreased
release of immediate effector molecules. Suppression of

Fig. 1. Markers of basophil activation.
Basophils, identified on scatter characteristics
and as CD123+CRTH2+ HLA-DR– cells, from
a mouse allergic donor demonstrate
up-regulation of CD203c and increased
frequency of CD63hi with activation.
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Fig. 2. Characteristics of the basophil dose–
response curve. Plotting of immunoglobulin
(Ig)E-mediated basophil activation with increas-
ing antigen doses leads to a dose–response curve
as above. A. The maximal dose response is also
known as basophil reactivity, and the effective
dose at 50% of the maximal dose response
(ED50) is also referred to as basophil sensitivity.
*Refers the supraoptimal part of the dose–
response curve. B. Another method of compari-
son of basophil curves could use the area under
the curve (AUC). C. Variation in basophil
maximal dose response between donors with
similar basophil reactivity. D. Variation in baso-
phil reactivity between donors with similar
maximal dose response.
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efficacious.19,20 Because it is an aggregation reaction, the concen-
tration dependence increases to an optimum and returns to baseline
(ideally) at high antigen concentrations. In the simplest case of a bi-
valent symmetric antigen, the shape of the dose response is very
similar to a bell-shaped curve. However, the complexity of antigens
and the relative affinity of different epitopes for different profiles of
epitope-specific IgE (bound to the cell) results in dose-response
curves that wildly vary in form (Fig 2). Tests with single

concentrations of antigen can be very misleading. The affinity of
the antigen for the IgE determines the point of optimum activa-
tion,21,22 so that this point might vary significantly among subjects.
It is possible that in a longitudinal study shifting IgE antibody affin-
ity and epitope specificitymight alter a dose-response curvewithout
the basophil itself having changed at all. Therefore the best studies
include as broad a dose response as feasible given the constraints
typical for venipuncture and the time to do the experiment.

FIG 2. Metrics ofmediator release assays related to IgE-mediated secretion. Allergen dose-response curves,
both ideal and typical (nonideal), are shown. Four metrics are in common use: (1) 50% maximal response
(CDsens, a term coined by Johansson and colleagues, and can sometimes be recast as the concentration of
allergen required to achieve a fixed amount of histamine release); (2) concentration for the peak response
(which for a simple bivalent hapten also reflects the intrinsic affinity of the allergen for the antibody single
ligand–binding site); (3) the maximum amount of secretion; and (4) the area under the curve (AUC; ie, the
full dose-response curve). Each of these metrics is more difficult to obtain when the dose-response curves
are not ideal. The complexity of allergens, the source of the allergen (because of its preparation), and the
individual distribution of epitope-specific antibodies can lead to nonideal curves.

FIG 1. The 2 predominant methods to assess activation of basophils: (1) measurement of mediator release
or (2) increased or newly expressed cell-surface proteins.
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LESSONS	  FROM	  QUALITY	  CONTROL	  
MEASURES	  
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Influence	  of	  basophil	  sampling	  on	  
measurement	  of	  degranulated	  basophils	  
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Influence	  of	  basophil	  sampling	  on	  AUC	  
measurement	  of	  dose-‐response	  curves	  
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The	  future	  of	  programma+c	  
approaches	  

•  Open-‐access	  to	  analy+c	  method	  
•  Cloud-‐based	  analy+cal	  plaoorm	  
•  Applica+ons:	  Mul+center	  data	  
•  Sepng	  standards	  for	  flow	  cytometry	  ga+ng	  
•  Machine	  learning	  approaches	  
•  Quality	  control	  

–  Longitudinal	  
–  Internal	  

•  Broadening	  applica+ons	  
–  Use	  with	  other	  allergens	  
–  Use	  with	  mul+-‐marker	  basophil	  experiments	  
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