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ABSTRACT:ABSTRACT:

MATERIALS:MATERIALS:
•• RPMIRPMI--1640 pen/strep/glutamine with 10% FCS (in house)1640 pen/strep/glutamine with 10% FCS (in house)
•• Staphylococcus Enterotoxin B (SEB) Staphylococcus Enterotoxin B (SEB) –– List Biological Laboratories List Biological Laboratories 
•• CD28 purified (inCD28 purified (in--house)house)
•• CEF peptide pool (CEF peptide pool (PanatecsPanatecs))
•• PBS (Beckman Coulter)PBS (Beckman Coulter)
•• Monoclonal Antibodies Beckman Coulter catalog items used at Monoclonal Antibodies Beckman Coulter catalog items used at 

recommended dosesrecommended doses
•• IntraPrepIntraPrep Kit (Fixation, Lysis, and Permeabilization.  Beckman Coulter)Kit (Fixation, Lysis, and Permeabilization.  Beckman Coulter)

METHODS:METHODS:

In vitroIn vitro Stimulations:Stimulations:
Cultures were 10x10Cultures were 10x1066 frozen PBMC in RPMI 1640frozen PBMC in RPMI 1640--10% FCS [in10% FCS [in--house]. The house]. The 

stimulated tubes received either: 2mg/ml Staphylococcus Enterotostimulated tubes received either: 2mg/ml Staphylococcus Enterotoxinxin--B B 
(SEB) [Sigma] and 0.03mg/ml Co(SEB) [Sigma] and 0.03mg/ml Co--stimulator antistimulator anti--CD28, or 2ug/ml of the CD28, or 2ug/ml of the 
CEF peptide pool.  NonCEF peptide pool.  Non--Stimulated Control tubes were designed for Stimulated Control tubes were designed for 
thaw/culture condition controls.  All culture tubes were placed thaw/culture condition controls.  All culture tubes were placed on a slant on a slant 
and incubated 1.5 hours in 37oC, 5% CO2 incubator. 5ug/ml Brefeland incubated 1.5 hours in 37oC, 5% CO2 incubator. 5ug/ml Brefeldindin--A A 
was added to all cultures which were replaced in the incubator fwas added to all cultures which were replaced in the incubator for a total or a total 
time of 18 hrs. time of 18 hrs. 

Sample Preparation Methods:  Sample Preparation Methods:  
The conventional manualThe conventional manual method of method of lysinglysing, fixing, and , fixing, and permeabilizingpermeabilizing

cells was performed according to the cells was performed according to the IntraPrepIntraPrep™™ Permeabilization Permeabilization 
Reagent kit package insert (Beckman Coulter, Inc.) for simultaneReagent kit package insert (Beckman Coulter, Inc.) for simultaneous ous 
surface and intracellular antigen detection. See surface and intracellular antigen detection. See ““Manual MethodManual Method””
figure. figure. 

The automated method*The automated method* is a methodology which performs is a methodology which performs allall pipetingpipeting, , 
timing, fixing, timing, fixing, lysinglysing, , permeabilizingpermeabilizing, and washing steps on 32 tubes per , and washing steps on 32 tubes per 
carousel.  This method is possible due to an incarousel.  This method is possible due to an in--house modification made house modification made 
to existing PrepPlusto existing PrepPlus™™2 and 2 and CellPrepCellPrep™™ instruments.  The carousel is instruments.  The carousel is 
transferred directly (either with a robotic arm or manually) to transferred directly (either with a robotic arm or manually) to a a CellPrepCellPrep
instrument for a noninstrument for a non--centrifugal wash and then to the FC500 flow centrifugal wash and then to the FC500 flow 
cytometer for acquisition and analysis. cytometer for acquisition and analysis. 

*Patent Pending*Patent Pending

Beckman Coulter/Beckman Coulter/ImmunotechImmunotech Antibodies: Antibodies: 
Fluorochromes were chosen for optimum resolution of populations:Fluorochromes were chosen for optimum resolution of populations:

IgG1IgG1--FITC / IgG1FITC / IgG1--PE / CD4PE / CD4--ECD / CD8ECD / CD8--PC5 / CD3PC5 / CD3--PC7PC7
IFNgIFNg--FITC / IL2FITC / IL2--PE / CD4PE / CD4--ECD / CD8ECD / CD8--PC5 / CD3PC5 / CD3--PC7PC7

Flow Cytometry:Flow Cytometry:
Analysis was performed on the 5Analysis was performed on the 5--color, onecolor, one--laser, Cytomicslaser, Cytomics™™ FC500 FC500 

flow cytometer utilizing the CXP Cytometer Acquisition and Analyflow cytometer utilizing the CXP Cytometer Acquisition and Analysis sis 
software.  Instrument alignment and performance was verified daisoftware.  Instrument alignment and performance was verified daily ly 
using the automated QC methods and using the automated QC methods and FlowCheckFlowCheck and and FlowSetFlowSet beads.  beads.  
PrePre--established target channels of fluorescence intensity were used established target channels of fluorescence intensity were used 
for these assays.for these assays.

MaeckerMaecker et al.  et al.  BMC ImmunologyBMC Immunology 2005, 6:13, doi:10.1186/14712005, 6:13, doi:10.1186/1471--21722172--66--1313
Cox et al.. Cox et al.. AIDS Research and RetrovirusesAIDS Research and Retroviruses, 21 (1), 2005, 21 (1), 2005

RESULTS:RESULTS:

Functional immune cell based assays have been routinely used in Functional immune cell based assays have been routinely used in basic basic 
research stages of the development of vaccines and biologics. Horesearch stages of the development of vaccines and biologics. However, wever, 
their utility in clinical trials as surrogate markers of efficactheir utility in clinical trials as surrogate markers of efficacy has not been y has not been 
fully recognized due to their highly variable nature. The variabfully recognized due to their highly variable nature. The variability arises ility arises 
from a variety of factors ranging from choice of assay, source ofrom a variety of factors ranging from choice of assay, source of the cells, f the cells, 
the sample processing methodology, sample preparation for the chthe sample processing methodology, sample preparation for the chosen osen 
assay and ultimately data analysis, and data reduction.  assay and ultimately data analysis, and data reduction.  
With a view to reducing variability and standardizing targeted sWith a view to reducing variability and standardizing targeted steps of teps of 
functional cellfunctional cell--based assays, an automated methodology for based assays, an automated methodology for 
simultaneous staining and analysis of T cell function as determisimultaneous staining and analysis of T cell function as determined by the ned by the 
presence of intracellular cytokines via flow cytometry was develpresence of intracellular cytokines via flow cytometry was developed and oped and 
validated. A 5validated. A 5--color flow cytometry assay (2color flow cytometry assay (2--3 surface markers; 23 surface markers; 2--3 3 
intracellular markers) was developed to measure antigen specificintracellular markers) was developed to measure antigen specific (peptide (peptide 
pool) dual cytokine profile responses in human pool) dual cytokine profile responses in human PBMCsPBMCs.  Modifications to .  Modifications to 
available sample preparation instruments were performed that enaavailable sample preparation instruments were performed that enabled the bled the 
automated automated pipettingpipetting, incubation, and staining of intracellular and surface , incubation, and staining of intracellular and surface 
molecules of stimulated human peripheral blood mononuclear cell molecules of stimulated human peripheral blood mononuclear cell 
populations (PBMC) for flow populations (PBMC) for flow cytometriccytometric analysis.  analysis.  
The automated sample staining and analysis greatly reduced variaThe automated sample staining and analysis greatly reduced variability bility 
between specimens as compared to the manual methodology in the between specimens as compared to the manual methodology in the 
evaluation of the evaluation of the ““rare eventrare event”” cellcell--based functional assay. For a 0.5% based functional assay. For a 0.5% 
population of cells, the manual method %CV=39, while the automatpopulation of cells, the manual method %CV=39, while the automated ed 
method %CV=15. Additionally, the automation enabled a significanmethod %CV=15. Additionally, the automation enabled a significant t 
reduction of reduction of ““handshands--onon”” sample preparation and analysis time. The sample preparation and analysis time. The 
complex nature of the cytokine profile and intercomplex nature of the cytokine profile and inter-- and intraand intra--subject subject 
variability was revealed on evaluation of the variability was revealed on evaluation of the multiparametricmultiparametric T cell T cell 
responses. The use of automation thus provides a greater degree responses. The use of automation thus provides a greater degree of of 
standardization in these functional assays, allowing for a correstandardization in these functional assays, allowing for a correlation of lation of 
variability and complex immune response profiles as surrogate mavariability and complex immune response profiles as surrogate markers of rkers of 
vaccine efficacy. .vaccine efficacy. .

AUTOMATION: An Approach to the Standardization of AUTOMATION: An Approach to the Standardization of 
Functional Immune CellFunctional Immune Cell--Based AssaysBased Assays

SUMMARY:SUMMARY:

TABLE 1:  Precision.TABLE 1:  Precision.
The basic statistics in this table were created from 19 replicatThe basic statistics in this table were created from 19 replicate staining tubes from a single e staining tubes from a single 
culture.  Both the manual and automated methods had 19 replicateculture.  Both the manual and automated methods had 19 replicates of the CEF stimulated s of the CEF stimulated 
cultures, many controls, cultures, many controls, isotypesisotypes, and color compensation tubes for a total of 32 tubes , and color compensation tubes for a total of 32 tubes 
processed by each method on the same day.   processed by each method on the same day.   

References:References:

FIGURE 1:  Standardization of Variables.FIGURE 1:  Standardization of Variables.
Variability in a cellVariability in a cell’’s ability to function arises from many places, e.g., disease, s ability to function arises from many places, e.g., disease, 
normal, therapy, specimen handling, and analysis.  normal, therapy, specimen handling, and analysis.  
The major specimen handling variables are shown in this figure, The major specimen handling variables are shown in this figure, and their and their 
impact was minimized through scrupulous adherence to all protocoimpact was minimized through scrupulous adherence to all protocols and the ls and the 
development of an automated staining and analysis assay (#5 & #6development of an automated staining and analysis assay (#5 & #6).).

•• Instrument QCInstrument QC
•• CalibratorsCalibrators
•• Gating strategyGating strategy
•• Data analysis Data analysis 

methodsmethods

•• Assay typeAssay type
•• Cell count & viabilityCell count & viability
•• Media & serumMedia & serum
•• Tubes or platesTubes or plates
•• StimulantsStimulants
•• NegNeg and Pos and Pos 

ControlsControls

•• Cell count & viabilityCell count & viability
•• Preparation methodPreparation method
•• MAb cocktailsMAb cocktails
•• MAb clonesMAb clones
•• Assay Controls / Assay Controls / 

CalibratorsCalibrators
•• Gating / AnalysisGating / Analysis

BioAssayBioAssayBioAssay StainingStainingStaining
Acquisition & 

Analysis
Acquisition & Acquisition & 

AnalysisAnalysis

44 55 66

BloodBloodBlood SeparationSeparationSeparation
Freeze-Thaw 

PBMCs
FreezeFreeze--Thaw Thaw 

PBMCsPBMCs
11 22 33

•• AnticoagulantAnticoagulant
•• AgeAge
•• TemperatureTemperature

•• Ficoll/BeadsFicoll/Beads
•• ToxicityToxicity
•• Cell LossCell Loss

•• Freeze agent & MediaFreeze agent & Media
•• Time & TempTime & Temp
•• CentrifugeCentrifuge
•• Recovery timeRecovery time

Complex functional immuneComplex functional immune--cell assays utilizing a wash, can be totally cell assays utilizing a wash, can be totally 
automated.  automated.  
Precision is up to 4 times better using the standardized automatPrecision is up to 4 times better using the standardized automated method.ed method.
HandsHands--on time is reduced from 60on time is reduced from 60--90 minutes to 15 minutes due to automation.  90 minutes to 15 minutes due to automation.  
Other sources of variability in assays result can now be addressOther sources of variability in assays result can now be addressed specifically ed specifically 
(e.g. specimen handling, anti(e.g. specimen handling, anti--coagulant, freezing, thawing, culturing, or coagulant, freezing, thawing, culturing, or 
biological).biological).
This Standardized Functional Assay Consists of:This Standardized Functional Assay Consists of:

Automated reagent and specimen pipetting, and incubation timingsAutomated reagent and specimen pipetting, and incubation timings..
Automated cell washing (nonAutomated cell washing (non--centrifugal).centrifugal).
Automated flow cytometer setup for voltage and color compensatioAutomated flow cytometer setup for voltage and color compensation.n.
Automated acquisition of data.Automated acquisition of data.
Automated data analysis region adjustments during acquisition.Automated data analysis region adjustments during acquisition.
Automated data export.Automated data export.

The automated QC and QA of the Flow Cytometer allowed total handThe automated QC and QA of the Flow Cytometer allowed total handss--off assay off assay 
analysis analysis -- -- -- color compensation and voltages NEVER NEEDED TWEAKING.color compensation and voltages NEVER NEEDED TWEAKING.
Complex biological response profiles can be correlated with vaccComplex biological response profiles can be correlated with vaccine efficacy or ine efficacy or 
disease progression due to consistent assay results.disease progression due to consistent assay results.

* For further information contact julie.wilkinson@coulter.com
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FIGURE 2:  Gating Strategy.FIGURE 2:  Gating Strategy.
Taking advantage of all the gating markers, a generous lymphocytTaking advantage of all the gating markers, a generous lymphocyte scatter gate was used to e scatter gate was used to 
create a CD3 gate for the CD4 vs. CD8 plot.   All the CD8+ cellscreate a CD3 gate for the CD4 vs. CD8 plot.   All the CD8+ cells were gated to a CD8 vs. CD3 were gated to a CD8 vs. CD3 
plot to clean up noise from debris.  The final plot is the IFNg plot to clean up noise from debris.  The final plot is the IFNg vs. IL2 which was gated on the vs. IL2 which was gated on the 
clean CD3+CD8+ cells.clean CD3+CD8+ cells.

HandsHands--On Time = 15 minOn Time = 15 min
SummarySummary: 

5 reagent additions
3 incubation times
1 NON-centrifugal wash
Total Time = 120-150 min for 32 tubes, however, 2nd batch 
can begin 90 minutes into the 1st batch

Automated ICS MethodAutomated ICS Method

HandsHands--On Time = 60On Time = 60--90 min90 min
SummarySummary: 

6-8 reagent additions
3-4 incubation times
2-3 centrifugal washes
Total Time = 90-120 min for ~30 tubes at one time

Manual ICS MethodManual ICS Method

FIGURE 3:  Simultaneous Proliferation and CytotoxicityFIGURE 3:  Simultaneous Proliferation and Cytotoxicity..
The plots above represent IFNg (xThe plots above represent IFNg (x--axis) versus ILaxis) versus IL--2 (y2 (y--axis) of 19 replicate staining tubes from a axis) of 19 replicate staining tubes from a 
single culture.  Both the manual (top set) and automated methodssingle culture.  Both the manual (top set) and automated methods (bottom set) used 19 separate (bottom set) used 19 separate 
replicates in addition to controls.  Thawed PBMC were cultured freplicates in addition to controls.  Thawed PBMC were cultured for 18 hours in the presence of or 18 hours in the presence of 
BrefeldinBrefeldin--A to block the secretion of cytokines by stimulated cells.  CellA to block the secretion of cytokines by stimulated cells.  Cells were prepared with the 5s were prepared with the 5--
color antibody combination  color antibody combination  IFNgIFNg--FITC/IL2FITC/IL2--PE/SCD4PE/SCD4--ECD/CD8ECD/CD8--PC5/CD3PC5/CD3--PC7 .PC7 .

AutomatedAutomated::

Manual:Manual:
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