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Abstract
Background: Flow cytometric analysis of human P2X7 pore activity segregates variant from
common P2RX7 genotypes and may serve as a biomarker for cancer, pain, inflammation and immune
responses to infection. Standardization is needed to accommodate variable sample age and
instrumentation differences in a multi-center clinical trial.

Methods: CD14-PE stained whole blood samples were treated with YO-PRO-1 combined with a
P2X7 agonist (BzATP) or control, followed by the addition of PI after closure of the P2X7 pore.
Recalled instrument settings from previous publications were used to adapt a standardized fluorescent
particle-adjusted set up method. Experiments were performed to compare the two methods while
evaluating components of systematic variability and facilitating reliable processing of samples with
varied ages.

Results: The median YO-PRO-1 fluorescence of BzATP treated samples had less variability when
collected by the bead-adjusted method, and was less influenced by the compensation strategy
employed. The average day-to-day coefficient of variance for assessments of P2X7 pore activity by
this method was 0.11 ± 0.04, and the exclusion of non-viable cells was found to accommodate samples
aged up to 4 days after phlebotomy. The bead-adjusted set up method produced measurements
differing by only 2.0 ± 1.5% on two analog cytometers, and within similar decades when comparing
analog to digital instruments.

Conclusions: These results provide a standardized method for quantitative flow cytometric
analysis of P2X7 receptor phenotypes in blood monocytes with minimal intra-laboratory variation
and potential for inter-laboratory comparisons that can greatly facilitate multi-center functional
genomic clinical studies.
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The purinergic nucleotide receptor P2X7 is increasingly associated with diverse pathological
conditions including cancer, pain, inflammation and aberrant responses to infection (1). This
ligand-gated cation channel is encoded by P2RX7, a 55 kB gene with 13 exons on human
chromosome 12q24 (2,3), and is expressed by all classes of leukocytes studied to date, epithelial
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cells and select neuronal populations (1,4,5). Current bioinformatics data suggest there is a
recombination hotspot in the middle of intron 5, associated with over 380 single nucleotide
polymorphisms in the region (www.hapmap.org, accessed 5/23/07). Consistent with its role in
amplification of innate immune responses (6-10), genetic association studies link variants of
this receptor to the control of Mycobacterium tuberculosis in different populations on three
continents (11-13). To facilitate additional association studies, our laboratory developed a
genomically validated functional assay to rapidly identify and bridge disparate P2RX7 genetic,
phenotypic and clinical results, while also increasing statistical power in the face of sample
size constraints (10,14-16).

Our assay segregates variant from common P2X7 receptor genotypes/phenotypes by taking
advantage of a unique feature of the P2X7 receptor. This feature is the reversible expansion of
its selectivity filter following continuous cellular exposure to extracellular nucleotides that
results in increased cation (Ca2+, K+, and Na+) permeability and the passage of larger molecules
(≤ 900 Da), a phenomenon referred to as pore activity (2,17). Using a kinetic functional assay
with features expressly designed to segregate samples containing loss-of-function alleles, we
identified a threshold of pore activity below which these genotypes are greatly enriched.
Specifically, logistic regression analysis with the full range of pore activity data as a continuous
variable and a combined binomial variable derived from three well validated loss of function
genotypes had a receiver-operator area under the curve of 0.927 (p < 0.001). The optimal
threshold of low pore activity was thereby established as 22-fold of P2X7 agonist (BzATP)-
induced YO-PRO-1 uptake over that stimulated by the saline control, where the fold-uptake
was defined as the ratio of fluorescence measurements in BzATP- and buffer-treated samples
(14). The performance characteristics at this threshold for identifying samples with 1513 CC,
1729 TA or 946 GA genotypes were as follows: sensitivity 85%, specificity 91%, positive
predictive value 59% and negative predictive value of 98%. For example, a blood sample with
normal pore activity (i.e. > 22-fold of BzATP stimulated YO-PRO-1 uptake) has a 98% chance
of not harboring the three aforementioned loss-of-function genotypes. Utilizing this cellular
assay, our laboratory identified that 19% of individuals residing in the upper Midwest of North
America have attenuated monocyte P2X7-regulated pore function, and that discordant low-
pore samples not containing the 1513 CC, 1729 TA or 946 GA genotypes were enriched for
novel loss-of-function alleles (14). Moreover, we demonstrated an association between loss-
of-function P2X7 receptor genotypes to attenuated nucleotide-stimulated P2X7 pore function
and an anti-inflammatory cytokine profile by monocytes following in vitro challenge with LPS
and nucleotides (10). Thus, the precise method we have shown previously for our pore assay
is tightly linked to the identification of samples with P2XR7 genetic variants, and attenuation
in P2X7 receptor pore function may serve as a biomarker for infectious/inflammatory diseases
and disorders.

We presently have the opportunity to further validate this assay in an ongoing multi-center
clinical trial with overnight shipping of samples to our facility. In preparation for this trial, one
of our goals was to refine our set up method to increase the ease of use on any cytometer, while
also accommodating aged samples. Recent examples from the clinical literature demonstrate
that differences in instrument settings can contribute to discrepant results (18,19). This
functional assay also presents difficulties in defining standard setup since it is performed in
whole blood. Moreover, we have noticed a trend in unpublished data that sample age increases
the day-to-day variability. Specifically, when all samples are processed on the day of
phlebotomy with our prior method, the coefficient of variance is 0.10 ± 0.07, whereas if any
of the samples have delayed processing the day-to-day CV in 0.21 ± 0.13 (p = 0.09).
Considering previous work on standardization (20-29), we have revised our method to further
homogenize data collection using readily available fluorescent particles and the viability
marker propidium iodide to identify responding cells. In addition, the following variables
inherent to multi-center clinical assessments were examined: sample age, different
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instrumentation, and biological variability. We report that our revised bead-adjusted setup
method produces less intra-laboratory variability than our former method with recalled settings,
particularly when the raw median YO-PRO-1 fluorescence data are presented from BzATP-
treated samples. Moreover, the bead-adjusted setup accommodates processing of samples with
varying age by excluding nonviable cells, and produces comparable results when transferred
between instruments, suggesting that it may also reduce inter-laboratory differences.

METHODS
Human Subject Participation and Sample Collection

Investigations were carried out with approval of the University of Wisconsin Institutional
Review Board, and ancillary studies to two protocols (single center and multi-center) involving
patients with asthma were performed after obtaining informed consent. For all experiments,
five to ten mL of whole blood were obtained by routine phlebotomy using plastic vacutainers
containing citrate for anticoagulation. All samples were stored exclusively at room temperature
with or without overnight shipping until the time of processing. Eight participants were
recruited for 2 additional phlebotomy visits within a 3-month span. All samples were processed
and analyzed at the Flow Cytometry Facility of the University of Wisconsin Paul P. Carbone
Comprehensive Cancer Center.

Sample Preparation
Although all leukocytes studied to date express P2X7, monocytes were selected as the cell
population to screen because of the greater sensitivity of pore function noted between
individuals participating in a small study with 45 healthy subjects (5,30). All reagents have
been optimized and are prepared in large batches with aliquots sufficient for at least 200
subjects, using previously described staining procedures (10,14,30). Briefly, aliquots of whole
blood (500 μL/aliquot) were washed twice in HEPES-buffered saline (HBS; 130 mM NaCl, 5
mM KCl, 20 mM HEPES pH 7.4, 0.1% bovine serum albumin, 10 mM glucose; components
purchased at Sigma, St. Louis, MO) and resuspended in the original 500 μL volume. A 10 μL
aliquot of anti-human CD14 antibody conjugated to phycoerythrin (CD14-PE, 50 μg/mL; BD
Biosciences, San Diego, CA) was added to each sample and incubated at room temperature
for 20 min. The cells were washed twice in a potassium glutamate buffer (130 mM potassium
glutamate, 5 mM KCl, 20 mM HEPES pH 7.4, 0.1% bovine serum albumin, 10 mM glucose;
components from Sigma) to maximize the differences between high and low pore activities
(17). In the absence of NaCl, cells were stimulated for 20 min with 0 or 250 μM 2′-3′-O-(4-
Benzoylbenzoyl) adenosine 5′-triphosphate (BzATP; Sigma) in the presence of 1 μM YO-
PRO-1 (Molecular Probes, Eugene, OR). Samples were adjusted to 10 mM magnesium
chloride, washed in HEPES-buffered saline and diluted to a volume of 2.5 mL in HBS. These
latter steps have been previously shown to close the pore rapidly, allowing for kinetic precision
in a large clinical study (10,30). For our previous studies in healthy subjects and the data from
the Natural Cold in Asthma protocol (refs (10,30) and Table 2), the vast majority of samples
were processed on the same day as the phlebotomy without inclusion of propidium iodide. For
the methods described here, including all the samples from the MIA trial (Table 2), PI was
added to each sample (5 μg/mL) and incubated for 15 min prior to sample acquisition using
flow cytometry as described below.

Instrument Settings Determination and Calculation of Spectral Overlap
All instruments in the facility are cleaned daily and assessed for laser alignment,
photomultiplier tube (PMT) performance, linearity and noise. All fluorochromes were excited
with a 488 nm laser and the following filter sets were used in all flow cytometers: a BP 530/30
for YO-PRO-1, a BP 585/42 for PE and a LP 670 for propidium iodide. Experiments were
performed on FACScan, FACSCalibur, and LSR II flow cytometers (Becton Dickinson, San
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Jose, CA) in conjunction with the CellQuest, CellQuestPro, FACSDiva acquisition and
analysis software programs (v. 3.3, v. 4.0, and v. 5.0.1, respectively; Becton Dickinson).

Previously, pore activity was measured on a FACScan flow cytometer (Becton Dickinson, San
Jose, CA) using recalled instrument settings: YO-PRO-1 at 410 mV, PE at 412 mV, acquisition
threshold for PE at 324 mV, and PE – 32.6% YO-PRO-1 compensation (10). To facilitate
comparisons across instrument platforms and among laboratories, we used these recalled
settings as a template to adapt desired PMT voltages for SpheroTM Rainbow fluorescent
particles (mid-range 3.0-3.4 μm; Sperotech, Lake Forest IL) shown in Supplementary Figure
1. Rainbow particles have a very stable fluorescence and can be stored and used over a long
period of time, allowing the intensities of these particles in each fluorescent detector to serve
as target values for determining the voltages applied to each PMT for all of the cytometers
used. The same target values were used for the analog instruments, FACScan and FACSCalibur
(BD Biosciences, San Jose, CA) because these instruments process fluorescence signals in the
same way and the intensities determined were very close (data not shown). The LSR II (BD
Biosciences, San Jose, CA) uses digital processing and fluorescence is collected and sampled
differently so a second set of target values using these same samples was determined for each
color detector on this cytometer. Specifically, the target value ranges of 558 ± 20 (YO-PRO-1),
511 ± 20 (PE) and 676 ± 20 (PI) were used on the LSR II.

To calculate spectral overlap, BD Calibrite™ fluorescent particles were used as a substitute
for single stained control samples because the detection of monocytes using scatter properties
is very problematic in whole blood. Samples of the FITC- and PE-labeled beads from the
Calibrite bead kit (BD Biosciences, San Jose, CA) were prepared individually. The
fluorescence contribution of YO-PRO-1 to the PE detector signal and that of PE to the YO-
PRO-1 detector and the PI detector signals were calculated (Supplementary Figure 2). The
contribution of positively stained beads was subtracted from detectors until the median
fluorescence was equal to that of unstained beads in detectors in which they overlapped
(Supplementary Figure 2).

PBMC isolation
PBMCs were isolated for select experiments to verify that the Calibrite method discussed above
was providing appropriate compensation for PE and YO-PRO-1. Six mLs of citrate-treated
blood was underlayed with three mLs of Lymphoprep (Axis-Sheild, Oslo, Norway) and
centrifuged at 800 g for 30 minutes at room temperature. The cellular interface was collected
and washed twice with sterile phosphate-buffered saline (PBS). Cells were counted and assayed
for pore activity as described below.

Flow Cytometry Data and Statistical Analyses
For each sample, 10,000 CD14-PEpos/PIneg events were acquired. Flow cytometry data was
analyzed using FlowJo data analysis software (version 8.4. TreeStar, Inc., Ashland, OR).
Analysis was restricted to either CD14pos events or CD14pos/PIneg events. The median
fluorescence values for YO-PRO-1 are reported after saline-treatement or BzATP-stimulation.
In some cases, data are expressed as a BzATP-induced fold of YO-PRO-1 uptake, i.e. the ratio
of these two measurements, to be consistent with our prior work (10,30). One-way ANOVA
and students' t-tests were performed using the JMP 6.0 software package (SAS Institute, Cary
NC).
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RESULTS
Contribution of non-viable cells to analysis of pore activity

We previously demonstrated that the use of our original method on a single instrument provides
a rapid, high-throughput, genomically validated, functional screening assay for variant
P2RX7 alleles with minimal intra-laboratory variability (10,14). In order to facilitate the
analysis of P2X7 pore function as a continuous variable in larger epidemiological studies, we
needed to refine the method to accommodate samples of varying age in a way that also
maximizes platform flexibility and reduces potential for inter-laboratory variability. Figure 1A
shows the decline in monocyte viability in whole blood samples stored at room temperature
for up to four days post phlebotomy. Although the cell impermeant DNA intercalating cyanine
dye YO-PRO-1 gains access to nuclear material after BzATP-stimulation of the P2X7 pore, it
may also stain cells no longer possessing an intact plasma membrane. In aged samples, a second
YO-PRO-1 positive population of BzATP-stimulated cells appears, which is minimally present
in whole blood processed within a few hours of phlebotomy (Figure 1B). To restrict the analysis
to viable monocytes, the inclusion of a second vital dye after P2X7 pore closure is thereby
required. Flow cytometric analysis of YO-PRO-1 fluorescence detected in basal and BzATP-
stimulated CD14-PEpos monocytes was conducted with or without PI addition at the end of
the staining procedure. Because our previous measure of P2X7 pore activity (BzATP
stimulated fold of YO-PRO-1 uptake) is a ratio of agonist-induced and control measurements,
it is not surprising that the exclusion of non-viable cells increases the apparent fold-uptake
(viable = 76.5 ± 20.5 vs. total = 32.5 ± 6.2 expressed as mean ± SEM, N = 12; p = 0.04). Thus,
to minimize the effects of variable sample age, exclusion of non-viable cells is required to
measure true YO-PRO-1 fluorescence in monocytes following BzATP challenge as a measure
of P2X7 pore function.

Standardization of instrument setup for measurements of P2X7 pore function in viable
monocytes

To minimize operator- and platform-dependent differences in settings adjustment, the present
study adapted methods of establishing fluorescent particle targeted PMT sensitivities and
calculation of spectral overlap (22-27) using our recalled settings as a guide. After establishing
appropriate compensation for PI (discussed below), Table 1 illustrates the effect of bead-
adjusted versus recalled flow cytometer instrument settings on the day-to-day variability of
control and BzATP-stimulated YO-PRO-1 fluorescence associated with viable (CD14-PEpos/
PIneg) monocytes. Despite daily assessment of instrument performance and confirmation that
our window of analysis is within the linear range for the PMTs (not shown), bead-adjusted
voltage settings reduced day-to-day variability of these measurements in comparison to those
obtained with recalled settings (Table 1).

Compensation settings are also a major source of intra- and inter-laboratory variability, and
ideally should be calculated using single color controls. Our analysis plan was to gate out
PIpos events, which simplifies the major compensation requirements to eliminate the PE signal
in the YO-PRO-1 channel and vice versa. Figures 2A and 2B demonstrate that the identification
of monocytes by forward and side scatter properties is confounded in whole blood relative to
PBMCs, likely due to the vast excess of RBCs and platelets. The use of a CD14-PE threshold
enriches data collection of this population in whole blood and PBMCs (Figures 2C and 2D).
Accordingly, the requirement of a fluorescent CD14-PE tag to identify monocytes precludes
single color compensation controls in whole blood samples, but is similar to the CD45-tagged
TruCount method used by clinical labs for rapid complete blood counts with leukocyte
differential assessment and other purposes (for examples, refer to citations (31,32)). The
commercially available Calibrite bead set includes PE-beads, and FITC-labeled beads are used
as a surrogate for YO-PRO-1. After setting compensation values by the Calibrite bead method,
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we validated the lack of spectral overlap using PBMCs, where appropriate single color controls
can be generated (not shown). Figures 2E and 2F show PI vs. PE dot plots of whole blood and
PBMCs with representative acquisition gates to identify a viable PE-CD14pos population,
thereby allowing for appropriate data restriction when collecting YO-PRO-1 fluorescence
measurements. Finally, Figures 2G and 2H show CD14-PE vs. YO-PRO-1 plots with overlays
of control and BzATP-treated samples. These figures demonstrate the absence of events
compressed against the PE vs YO-PRO-1 line of identity in whole blood and PBMCs, with the
former plots providing a daily verification that the Calibrite method is performing appropriately
for whole blood samples.

Signal to noise determinations, such as the BzATP-stimulated fold uptake of YO-PRO-1, have
intrinsic appeal but are complicated when both signals involve logarithmic amplification of
the fluorescence signal. To begin to assess which measurement is the most reliable, we
measured YO-PRO-1 MFI in samples that varied widely in terms of preparation or
compensation strategy (Supplementary Table 1). Purification of PBMCs from the same donor
markedly influences untreated MFI measurements, thereby influencing the fold stimulation.
Similarly, intentional under- and over-compensation of PE in the YO-PRO-1 channel alters
the baseline measurements and, thus, the fold calculations. By contrast, the BzATP-stimulated
median YO-PRO-1 fluorescence appears reasonably independent of wide variation in sample
preparation or compensation strategy (Supplementary Table 1). Subtraction of the unstimulated
MFI has been suggested to be a more robust measure of signal to noise estimates (29), and
appears relatively stable under these select conditions (Supplementary Table 1). Collectively,
these data demonstrate that the bead-adjusted setup method for both PMT voltages and
compensation calculation further reduce intra-laboratory variability when viable monocyte
associated YO-PRO-1 fluorescence is measured in BzATP-stimulated whole blood samples.

Combined Estimates of Biological and Systematic Variability
Because P2X7 mRNA and protein expression is enhanced by inflammatory cytokines such as
IFN-γ, subtle changes in systemic inflammation from any one donor could vary from day to
day (33). Therefore, peripheral blood was obtained from eight individuals without any apparent
cold symptoms on three different days throughout a 3-month period. Figure 3 shows the means
and standard deviations of the BzATP-induced YO-PRO-1 fluorescence in viable monocytes
for these 8 subjects measured on three independent days. The average day-to-day coefficient
of variance is 0.11 ± 0.04. Of note, more day-today variation in the BzATP-induced fold of
dye uptake occurred in normal responders (average CV 0.25 ± 0.28), likely due in part to the
compensation differences affecting the basal values in this ratio as discussed above. These data
strongly suggest that measurements of P2X7 pore activity by viable monocytes in blood
obtained on different days is reliable, particularly when the raw BzATP-induced YO-PRO-1
fluorescence data are reported. These results provide a standardized method for quantitative
flow cytometric analysis of P2X7 receptor phenotypes in blood monocytes with minimal intra-
laboratory variation.

Instrument- and operator-dependent differences have been shown to contribute to inter-
laboratory variation in quantitative flow cytometry for clinical studies, particularly in the
absence of a standardized set up protocol (34,35). Employing similar methods to those of this
study, standardization of instrument settings with fluorescent particles, can minimize both
platform and day-to-day variation and permits both intra-and inter-laboratory comparisons
(34). Previously, the whole blood P2X7 pore assay was performed exclusively on a FACScan
(10,30). To measure the differences between instruments, the same samples from eleven
volunteers were analyzed on each cytometer in the facility that includes two analog instruments
(FACScan and FACSCalibur) and a digital cytometer (LSR II). Figure 4 shows representative
histograms of the BzATP-stimulated YO-PRO-1 fluorescence for a low responder and a normal
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responder processed on the same day on three different flow cytometers (FACScan,
FACSCalibur, and LSR II). In general, the cytometers that use logarithmic amplifiers have
very comparable measurements, while the LSR II has different values likely due to digital
signal processing without logarithmic amplification. Specifically, when comparing data
obtained from all eleven volunteers, the absolute difference between intra-subject
measurements on the two analog instruments (FACScan and FACSCalibur) was 2.0 ± 1.5
percent of the average BzATP-stimulated YO-PRO-1 fluorescence. As shown in Figure 4, data
collected with the bead-adjusted method on the LSR II produces histogram results in a decade
similar to those obtained on analogue machines, when these values are considered in proportion
to the total window of analysis for each instrument. Although the fold stimulation in BzATP-
induced YO-PRO-1 uptake by variable monocytes (vs. the saline control) was similar across
all three platforms (ANOVA, p = 0.78), the raw values for BzATP-induced YO-PRO-1
fluorescence obtained on the LSR II were 9.0 ± 0.8 times higher than the average values
measured on the FACScan and the FACSCalibur. Collectively, these data indicate that the
bead-adjusted setup method reduces systematic variability associated with raw fluorescence
measurements and can be used to obtain comparable results between two analogue and one
digital instruments.

Assay Compatibility with Aged Samples in an Ongoing Multi-Center Asthma Clinical Trial
The evaluation of P2X7 pore function as a predictor of symptoms and other clinical endpoints
in the Asthma Clinical Research Network Macrolides In Asthma trial involves overnight
shipping of room-temperature blood samples to our facility. To begin assessing the impact of
declining monocyte viability (Figure 1A) on the performance of our revised assay, time course
experiments with samples from laboratory volunteers were performed with serial processing
on multiple days after sample collection (Figure 5). Samples from four of the eight subjects
appear to have a progressive rise in BzATP-stimulated YO-PRO-1 fluorescence, whereas the
other four specimens do not have an appreciable change. Analysis of variance suggests there
is more variability between subjects in this regard than there is with respect to time (p = 0.814).
When the data are expressed as a percent of each subject's Day 0 measurement, there may be
a trend towards rising values that could reach significance if more subjects were studied.
Specifically, Day 1 is 108.2 ± 34.4%, Day 2 is 126.5 ± 55.1%, Day 3 is 156.6 ± 43.3% and
Day 4 is 162.4 ±56.5% of the values obtained on Day 0 (ANOVA p = 0.104). Due to overnight
shipping to our center of samples obtained from a multi-center clinical trial, the median sample
age is 1 day with an inter-quartile range of 1 to 2 days. Table 2 shows descriptive statistics
from clinical samples using our past (fixed settings, total CD14pos cells) and current (bead-
adjusted, nonviable-excluded) methods from a local and multi-center asthma protocol,
respectively. The distributions of these datasets from reasonably similar patient populations
appear unchanged (Table 2, p = 0.846), suggesting that the revised method has not influenced
the data while improving intra-laboratory reproducibility. Thus the exclusion of non-viable
monocytes with our bead-adjusted setup method can accommodate samples of varying age and
allows for the development of an age-related confidence interval around the measurement,
while not appreciably altering the data distribution using our prior method at a single center.

DISCUSSION
Flow cytometric analysis of P2X7 receptor pore activity in human blood monocytes segregates
variant from common P2X7 receptor genotypes/phenotypes and may serve as a biomarker for
infectious/inflammatory diseases and disorders. To facilitate association studies, our laboratory
developed a genomically validated functional assay capable of bridging disparate P2RX7
genetic, phenotypic and clinical results, while also increasing statistical power in the face of
sample size constraints (10,14). The present study set out to adapt bead files from our prior
recalled settings to standardize flow cytometer instrument set up across platforms and further
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minimize intra-laboratory variability. Despite daily cleaning and fluorescent particle
calibration of the cytometers in our facility, the bead-adjusted method was associated with less
variability than measurements collected with recalled settings (Table 1). This may be due to
fluctuations in cytometer performance as the laser ages, which are better accommodated by an
assay specific PMT-adjustment method. Additionally, the reduced variability was more
pronounced when the data are presented as the median YO-PRO-1 fluorescence associated
with the samples stimulated with BzATP (Table 1). For analog instruments, which amplify
fluorescence measurements logarithmically, ratio determinations such as our previously
defined fold-uptake become susceptible to the variability associated with spectral overlap
calculations. In this regard, the bead adjusted method we present offers another advantage in
that the median YO-PRO-1 fluorescence in BzATP-stimulated samples is relatively unaffected
by compensation strategy (Supplementary Table 1). Hence, the day-to-day variability is quite
low (Figure 3) and likely, at least in part, reflects biological fluctuations in systemic cytokine
levels that influence P2RX7 expression. This latter observation has also been made by others
using PBMCs and a flow cytometry protocol that does not include daily standards for PMT
voltages or compensation calculations (36). Collectively, the present bead-adjusted set up
method is relatively simple, minimizes intra-laboratory variability, and facilitates future inter-
laboratory comparisons.

Because declining monocyte viability in aged samples influences assessment of P2X7 pore
function (Figure 1), we needed to revise our assay to exclude non-viable cells. Specifically,
non-viable cells within the total monocyte population affect the measurement of true P2X7
pore function due to unregulated YO-PRO-1 uptake associated with loss of plasma membrane
integrity influencing the basal rate as well as attenuated responsiveness to BzATP-stimulation.
Closure of the P2X7 pore by divalent cations (17) allows inclusion of a second vital dye to
assess plasma membrane permeability. In this regard, eliminating PIpos events accommodates
samples aged up to 4 days after phlebotomy (Figure 5). Therefore, exclusion of non-viable
cells in the analysis of P2X7 pore activity in monocytes is warranted for all future studies in
order to measure true P2X7 pore function.

An additional feature of our revised method is that it facilitates comparisons between different
types of cytometers. We found that our recalled settings from the FACScan were not
transferable to another analog cytometer (not shown). In contrast, the bead adjusted set up
method produced median YO-PRO-1 fluorescence measurements in BzATP-treated samples
that differed by only 2.0 ± 1.5 percent (also see Figure 4) when processed simultaneously on
FACScan and FACSCalibur cytometers. The digital LSR II produced higher numerical
fluorescence values than the analog instruments but the results were visually comparable in
terms of the decades relative to the scale for the individual machine (Figure 4). PMT targets
established by this method require that they fall within the dynamic range for the instrument
used. Thus, inclusion of other instruments and manufacturers for use in this assay will require
validation of the PMT targets, however, the methods we describe in the present study lay the
ground-work for maximal inter-laboratory consistency.

We are currently using this assay in an ongoing multi-center clinical trial within the Asthma
Clinical Research Network Trial-Macrolides in Asthma (ACRN-MIA; see
http://www.clinicaltrials.gov, identifier NCT00318708) to test whether a continuous measure
of P2X7 pore function is associated with clinical symptoms or endpoints in this population.
Although P2RX7 has not previously been referred to as an asthma gene, its chromosomal
location is thought to contain numerous such candidates based on linkage in multiple
populations to measurements of lung function (37-40). Additionally, P2RX7 is thought to
control the immune response to infection with Chlamydia species (41,42), an intracellular
pathogen thought to contribute to asthma pathogenesis which is also one of the therapeutic
targets for the ACRN-MIA clinical trial (43). It also gives us another opportunity to validate
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the assay at the genetic level. Although our prior method was sufficient for identifying samples
with validated and novel loss of function alleles with an area under the curve of 0.927 (14),
the presently described correction for sample age and the exclusion of nonviable cells will
require refinement of the receiver-operator curve analysis using results obtained by our present
method in order to accurately segregate variant from common P2X7 receptor genotypes/
phenotypes in future studies. In general, this approach of genomically validating results from
the P2X7 pore assay could serve as an additional control as other laboratories begin to adopt
this method.

In conclusion, this study provides a standardized method for quantitative detection of P2X7
pore function by monocytes in human whole blood examined within 4 days post-phlebotomy
that will likely facilitate future cohort studies by minimizing intra- and inter-laboratory
variation in sample acquisition. Because individuals with reduced capacity for P2X7 pore
formation are suggested to be predisposed to an anti-inflammatory cytokine profile in the
setting of immune system perturbation (10), utilization of our novel standardized calibration
method will facilitate the segregation of variant from common P2X7 receptor genotypes/
phenotypes and potentially identify variation in P2X7 receptor pore function as a biomarker
for infectious/inflammatory diseases and disorders.
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Figure 1.
Effect of monocyte viability on BzATP-stimulated P2X7 pore function. A. Peripheral blood
was obtained from eight laboratory volunteers and processed immediately or stored at room
temperature for up four days to simulate the conditions of shipping blood from centers around
the country. On the day of processing, aliquots of the blood samples were stained and data was
acquired using bead-adjusted settings on a FACSCalibur flow cytometer. Data is expressed as
% CD14pos/PIneg events in the sample (mean ± SEM; n =8). B. Anti-CD14-PE labeled human
periphral blood from a representative subject was stimulated with control vehicle or 250 mM
BzATP for 20 minutes in the presence of 1 mM YO-PRO-1 dye as described in Materials and
Methods and beads were used to set the cytometer. Overlayed histogram analysis of YO-PRO-1
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flurescence detected in live (dashed or solid outline) and total (light or dark shading) monocyte
populations with or without stimulation with BzATP as denoted by the inset symbol key. The
arrow indicates the presence of non-viable monocytes in both the saline and the BzATP samples
when analyzing total events, that are also separate populations on PE vs YO-PRO-1 plots.
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Figure 2.
Identification of monocytes in whole blood samples requires CD14-PE thresholding and
precludes single color compensation controls. Side scatter vs. forward scatter plots are show
for whole blood and PBMC samples with thresholding on forward scatter (Panels A and B) or
CD14-PE fluorescence (Panels C and D). Because monocyte data enrichment in whole blood
samples cannot be done with SSC vs. FSC plots (Panel A), the Calibrite bead compensation
method is used as a surrogate for YO-PRO-1 compensation controls in whole blood samples
already containing CD14-PE. Using the Calibrite bead adjusted setup method, Panels E and F
show that data restriction on viable CD14-PEpos/PIneg events is just as easy in whole blood as
it is in PBMC samples. Finally, Panels G and H show the effects of bead-determined
compensation on PE versus YO-PRO-1 analysis when restricted to live events in whole blood
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and PBMC samples respectively. The unstimulated YO-PRO-1 labeled monocytes (black) are
overlayed with stimulated monocytes (gray).
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Figure 3.
Effect of day-to-day phlebotomy on measured P2X7 pore function in live monocytes. Staining
and standardized calibration of FACSCalibur settings was conducted (see Methods) and 10000
CD14-PEpos/PIneg events were collected. Data indicate the fold stimulation in BzATP-induced
YO-PRO-1 uptake by live (CD14-PEpos/PIneg) monocytes acquired on 3 different days within
a 3-month span from 8 different donors.
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Figure 4.
Comparative histograms of the YO-PRO-1 fluorescence of monocytes stimulated with BzATP
in two donors: one low responder and one high responder. Data was acquired on the same
sample on three different flow cytometers: FACScan, FACSCalibur, and the LSRII. The
instruments were set using two sets of target values as described. The FACScan and
FACSCalibur used the same values while the LSRII used a different set of values. Median
intensitites of live monocytes are given for each instrument, with the values for the BzATP
stimulated and the unstimulated samples as well as the MFI ratio presented in the insets.
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Figure 5.
Median fluorescence intensities of YO-PRO-1 in live monocytes stimulated with BzATP.
Blood was drawn from 8 different donors and aliquots of each blood was assayed daily for 5
days. All data was acquired on a FACSCalibur flow cytometer using bead-adjusted settings.
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Table 2
Descriptive statistics for measurements of P2X7 pore activity in clinical samples from asthma patients. Whole blood
samples were obtained locally as a part of the Natural Cold in Asthma study or through an ongoing multi-center clinical
trial (Macrolides In Asthma; ACRN-MIA) via the Asthma Clinical Research Network. Data represent the BzATP-
induced fold-stimulation of YO-PRO-1 uptake fluorescence. Seventeen of the thirty-one Natural Cold subjects had
samples obtained both during the acute and baseline phases of a naturally occurring upper respiratory viral infection,
in which case the mean value was compiled for the group descriptors. The remainder of the Natural Cold, and all of
the ACRN-MIA, patients had samples measured from one visit only. Samples greater than one day old were excluded
from analysis in the Natural Cold protocol due to the absence of dead cell exclusion. CD14-PEpos/PIpos cells were
uniformly excluded in the ACRN-MIA study and samples up to four days old were processed with the data presented.
ACRN-MIA subjects with samples older than 4 days due to shipping delays were redrawn at another visit if possible.

Natural Cold Data
(Recalled Settings)

N = 31

ACRN-MIA Data
(Bead-adjusted

Settings)
N = 99

Minimum 13.8 2.3
1st Quartile 359 274

Median 669.5 598
3rd Quartile 992 893.5
Maximum 1676 1666
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