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Abstract

Background—NMultiplex analysis allows measurements of a large number of analytes
simultaneously in each sample. Based on the Luminex multiplex technology (XMAP), kits for
measuring multiple cytokines and chemokines (immunomodulators) are commercially available
and are useful in investigations on inflammatory diseases. This study evaluated four multiplex kits
(Bio-Plex, LINCOplex, Fluorokine, and Beadlyte) that contained 27, 29, 20 and 22 analytes each,
respectively, for the analysis of immunomodulators in plasma of rheumatoid arthritis (RA)
patients who underwent treatment with antibody against CD20 (rituximab), a B-cell reductive
therapy.

Methods—Multiplex kits were tested on serial plasma samples obtained from six RA patients at
baseline and multiple time points (3, 6, and 9 months) post-treatment with rituximab. The RA
patients included in this study had previously failed therapy with disease modifying anti-arthritis
drugs (DMARD) and treatment with anti-TNFa antibody (infliximab).

Results—Computer modeling and hierarchical cluster analysis of the multiplex data allowed a
comparison of the performance of multiplex assay kits and revealed profiles of
immunomodulators in the RA patients.
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Conclusions—In plasma of RA patients who appeared to have benefited from rituximab
treatment the profile of significantly elevated immunomodulators by at least two of the three kits
(BioPlex, LINCOplex, Beadlyte), is as follows: 1L-12p70, Eotaxin, IL-4, TNFa, 11-9, IL-1f, IFNYy,
IL-10, IL-6, and IL-13. Immunomodulator profiling by multiplex analysis may provide useful
plasma biomarkers for monitoring response to B-cell reductive therapy in RA patients.
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Introduction

Cytokines and chemokines are key modulators of the immune system. Levels of these
proteins may be altered in a variety of diseases, particularly inflammatory diseases (1-3).
Measurements of cytokines and chemokines in plasma/serum and other body fluids may
provide insights into disease mechanisms and can have clinical application for disease
diagnosis, prognosis and therapy. To date, several dozen distinct cytokines (3) and
chemokines (1,2) have been described. Because these immunomodulatory molecules exhibit
a certain amount of redundancy and promiscuity in their functions (1-3), measurements of a
large number of cytokines and chemokines to generate molecular profiles are likely to
provide more biologically relevant information than measuring one or a few of these.
Amounts of these analytes can be measured by immunoassays e.g., ELISA (body fluids),
flow cytometery (cells), and indirect immunofluorescence in cells and tissues (4). However,
for studying profiles of large numbers of cytokines, these conventional procedures are labor
intensive and have limited throughput. In addition, small sample volume may prohibit
performing multiple tests on a single sample. Recent advances in multiplex technologies
enable measurement of multiple analytes simultaneously. Multiplexing provides data on a
large number of analytes, even when sample volumes are limited (5,6). Several multiplex
detection systems are available (7,8). A popular system is based on the Luminex XMAP
technology. This technology allows simultaneous measurements of up to a hundred analytes
in a single test sample (6).

Blood cytokine levels are likely to be altered in a number of diseases including cancer
(9,10), cardiovascular diseases (11,12), inflammatory diseases (13-15), and infectious
diseases (13,14,16). Therefore, plasma levels of cytokines and chemokines may serve as
useful biomarkers for patient stratification and for monitoring efficacy of therapy. Because,
the underlying molecular mechanism of disease is often not clear, it is difficult to predict
which individual cytokines might be more useful for measurement. Therefore, a practical
choice is to use multiplex technology with the capability to measure a large number of
immunomodulators simultaneously.

Rheumatoid arthritis (RA) is a systemic, potentially debilitating, chronic autoimmune
disease characterized by inflammation and destruction of the joints. Rituximab, a chimeric
anti-CD20 monoclonal antibody that is FDA approved for the treatment of non-Hodgkins
lymphoma and RA, reduces antibody production by depleting B-cells. However, its effect on
cytokines and chemokines is not understood. The purpose of this study was to evaluate
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changes that may occur over time in immunomodulator levels in RA patients undergoing
rituximab therapy. The small sample volume required for multiplex testing also allowed for
comparison of multiplex kits for the largest panels of analytes available from each
manufacturer (Bio-Rad (BioPlex), LINCO (LINCOplex), R&D Systems (Fluorokine) and
Upstate (Beadlyte) containing 27, 29, 21 and 22 cytokines and chemokines each,
respectively. Such a comparison would be helpful to more accurately identify alterations in
analyte concentrations in patient plasma.

Materials and Methods

Patients

Treatment

Study subjects eligible for enrollment were adult (=18 years), male or female, patients who
had active, seropositive RA with at least 2 swollen and tender joints and functional class I,
I, or 111, as defined by the American College of Rheumatology (ACR) revised criteria,
despite at least 3 months’ treatment with at least 1 DMARD, and who were able to give
signed, informed consent. This study was approved by the Institutional Review Boards of
the VA Northern California Health Care System and the University of California, Davis.

Patients were excluded if they had a history of hypersensitivity to murine proteins or a
history of significant renal, hepatic, cardiac, or psychiatric impairment. Additional exclusion
criteria were active infection (including seropositive hepatitis C) or a malignancy (except
adequately treated basal cell or squamous cell carcinoma of the skin or in situ carcinoma of
the cervix) within the previous 5 years. Female patients who were pregnant or were planning
conception during the subsequent 2 years were also excluded. A total of seventeen patients
were enrolled in the original study (17). Of the seventeen patients in the original study,
plasma samples from 6 patients were available at multiple time points. For the rest of the
patients, plasma samples had been exhausted during the original study. Therefore, in the
present study we focused on samples from six patients for whom samples at different time
points were available for the analysis of immunomodulator levels at baseline, and 3, 6, and 9
months.

Patients continued with their baseline DMARDSs and other concomitant medications at a
stable dose throughout the study period. Rituximab was administered as an intravenous (i.v.)
infusion weekly for 4 consecutive weeks according to a dose escalation schedule that was
prospectively agreed to, prior to the availability of Phase Ila data (17) by federal regulatory
authorities, as a condition of approval of the investigational new drug (IND) application for
this study.

Prior to each infusion, patients received acetaminophen 650 mg orally, diphenhydramine 50
mg orally or intravenously, and dexamethasone 10 mg intravenously to attenuate possible
infusion-related symptoms. During week 1, the dose of rituximab was 100 mg which was
infused at a rate of 50 mg/h with incremental increases of 50 mg/h after 30 minutes as
tolerated. During the second week, 375 mg/m? of rituximab was infused at an initial rate of
100 mg/h with incremental increases of 100 mg/h every 30 minutes as tolerated up to a
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maximum infusion rate of 400 mg/h if the first dose was well tolerated. During weeks 3 and
4, a dose of 500 mg/m? of rituximab was infused at the same incremental rates as tolerated
during week 2.

During the infusions, the patients were closely observed for infusion-related symptoms such
as transient fever, rigors, hypotension, and dyspnea, in which event the infusion could be
slowed or temporarily stopped and restarted when symptoms resolved. In this study,
however, there were no such symptoms necessitating divergence from the above schedule.
No further rituximab infusions were administered during the subsequent follow-up period,
although patients remained on their baseline therapy according to clinical need.

Clinical assessments

At baseline, a thorough history and physical examination was conducted and recorded
together with baseline demographic data. At baseline and at weeks 5, 8, 16, and 28, the
number of tender joints (tender joint count [TJC]) and swollen joints (swollen joint count
[SJC]) were recorded for each patient. At these time points the global assessment score of
disease activity was recorded for each patient by the physician and by the patient using a
100-mm horizontal visual analog score (VAS) where the left-hand extreme was labeled “no
disease activity” and the right-hand extreme was labeled “maximum disease activity”.
Similarly, at each assessment time point patients recorded their level of pain on a 100-mm
VAS where the left-hand extreme was labeled “no pain” and the right-hand extreme was
labeled “pain as bad as it could be”. In addition, patient-assessed disability was evaluated
using the Multidimensional Health Assessment Questionnaire (17).

Blood samples were obtained at baseline and at follow-up visits for assessment of laboratory
parameters including erythrocyte sedimentation rate (ESR), rheumatoid factor (RF),
peripheral B and T cell counts, complement C3 and C4 levels, and immunoglobulin isotype
(IgA, 1gG, and IgM) and human anti-chimeric antibody (HACA) titers. Samples were
processed and analyzed using standard techniques (17).

Healthy Controls

Control plasma samples were obtained randomly from fourteen healthy individuals
regardless of sex but the donors were of advanced age (median age of 58 years). The median
age of patients was 66 years.

Multiplex kits

Multiplex kits for measuring cytokines and chemokines on the Luminex platform were
obtained from four different vendors. The kit manufacturers and the list of analytes included
in each kit are shown in Table 1. Analytes that are common between the Kits are indicated
by asterisks. The kits were provided as generous gifts by the following manufacturers: Bio-
Plex by Bio-Rad (Hercules, CA), Beadlyte by Upstate (Charlottesville, VA), LINCOplex by
LINCO (St. Louis, MO), and Fluorokine by R&D Systems (Minneapolis, MN). The Kits
were used per the manufacturers’ instructions. Plasma samples were diluted using the
appropriate sample diluents provided in each kit in accordance with the manufacturer’s
instructions.
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Data Analysis

Concentrations (pg/ml) of different analytes in the plasma samples were determined by
using the standard curves generated in the multiplex assays. MasterPlex QT software for
quantitation was used for 5 point curve fitting to generate standard curves and analyze data
according to manufacturer’s instructions (MiraiBio, Alameda, CA). This software uses
"Levenberg-Marquardt" nonlinear least squares minimization algorithms for the curve fitting
by 5PL equation and determines the high and low limits of detection (MiraiBio, user’s
manual). Data points for analytes that were occasionally above or below the detection range
were discarded. The analyte concentrations were transformed to log2 scale for further
analysis to accommodate the dynamic range in the concentration values. Many of the
analytes measured, using the Fluorokine panel, were not detectable. Therefore, results
obtained with the Fluorokine kit were dropped from further analysis. Investigation of
reproducible differences between treatments was performed with the Bioconductor and R
software package. Robust linear regression was used on the observed versus theoretical
quantiles to determine the linear transformation of these t-statistics would confer a normal
distribution, and then scaled accordingly (18). Data were visualized with box-and-whisker
plots and scatter plots. Intensities were adjusted to the same interquartile range. A linear
model fit was determined for each analyte using the LIMMA package using R, and lists of
analytes with the most evidence of differential expression were obtained. The per-panel data
corresponding to analytes with a positive signal were combined in a two-step process to
obtain an initial analytical data set. First, the initial data set consisted of data for all the
analytes for which a signal was detected for at least one treatment for one patient. Second,
the data from all the patients were combined into a single data set. The resulting data set
consisted of analytes that exhibited modulation for at least one patient for at least one of the
treatment tested. Differential measurements in patient samples across the four time points
(baseline, and 3, 6 and 9 months) were detected by an F test. A separate F test, was
performed on each analyte and each panel; p-values for different analytes were transformed
to compensate for multiple comparisons using the False Discovery Rate (FDR) adjustment
for multiple comparisons using the Benjamini-Hochberg procedure. After tranforming the p-
values for these analytes, a table containing a select set of analytes for each panel was
generated.

Fold changes (log2) and analyte concentrations (pg/ml + standard error) are listed in Tables
3 and 4. Fold changes in Table 3 are derived from multivariate statistical analysis. This
analysis allows a comparison of more than one statistical variable at a time and therefore
increases the statistical dimensionality of the data to get a meaningful fold change and
p.value for multiple comparisons. As an example, fold change for Eotaxin was calculated as
follows: mean value of the normal is 94 pg/ml, while that of the Patient 1 at 3, 6 and 9
months are 959 pg/ml, 1505 pg/ml and 829 pg/ml, respectively (Table 4). Fold changes
(log2) for patient 1 at 3, 6 and 9 months are 3.4 (log2 (959/94)), 4.0 (log2 (1505/94)) and 3.1
(log2 (829/94)), respectively (Table 3).

Cluster analysis was based on Euclidean distance without standardization to identify the
natural grouping of analyte expression profiles (19). All the data processing were performed
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using R statistical environment (20,21). Plots were generated with a combination of Matlab
(22) and SigmaPlot (23).

Results

Levels of cytokines and chemokines in patient samples

Kits were obtained from four different vendors as listed in Table 1. Eleven analytes overlap
among the four kits. Values for analytes measured by the Fluorokine Kit were low in all
samples, therefore, the results for this kit were not considered for further analysis. Removal
of the Fluorokine kit from analysis also resulted in an increase in the total number of
overlapping analytes between the other three kits (Bio-Plex, LINCOplex, and Beadlyte) to
eighteen. Amounts of cytokines and chemokines in patients were compared to those
measured in healthy individuals. Mean levels of fold changes (in log2 scale) of cytokines
and chemokines as measured by a given kit are plotted in Fig. 1. The Bio-Plex kit displayed
the clearest difference between healthy individuals (red dotted line) and patients (patients 1,
2, 3, 4 and 6). Assay kits from Beadlyte and LINCOplex highlighted patients 1, 3 and 6.
Patient 5 was not different from the healthy samples by any of the assay Kkits. In our previous
analysis, patients 1, 3 and 6 were three of the patients among seventeen who benefited the
most from Rituximab treatment (17).

Detection of cytokines and chemokines in RA patients by different assay kits

Comparison of cytokine and chemokine detection by individual assay Kits is presented in
Fig. 2; these data are based on the statistical analysis presented in Table 2. Note that these
data do not represent individual patient cytokine/chemokine profiles but rather composite
data of analytes in each patient sample (individual data are presented elsewhere in Fig. 3,
and Tables 3 and 4). Under the conditions where fold change is greater than 2 (log2 scale)
and p-value of less than 0.05 (5% confidence in null hypothesis), the Bio-Plex assay kit
displayed significant differences in twenty three cytokines and chemokines in comparison
between healthy individuals and RA patients. Beadlyte and LINCOplex kits displayed
significant differences in seventeen and fourteen immunomodulators, respectively (Table 2).
Decreasing the FDR adjusted p-value to 0.01 (1% confidence in null hypothesis) does not
change the number of analytes measured by the Bio-Plex and LINCOplex kits, but the
number of analytes in the Beadlyte kit was reduced from seventeen to fifteen. A Venn
diagram (Fig. 2) shows the number of analytes shared between the various kits at the
statistical selection criteria of log2 (FC) > 2 and p-value < 0.05. Six analytes (IL-12p70,
IL-5, MCP-1, Eotaxin, IL-8 and IP-10) are shared between all the three kits, 5 analytes are
shared between Bio-Plex and Beadlyte (IL-7, IL-4, IL-13, IL-10 and RANTES), and 2
between Beadlyte and LINCOplex (GM-CSF and TNFa)

Cluster analysis to identify individual cytokines and chemokines significantly elevated in
each RA patient sample
To identify the patients as well as the immunomodulators that contributed maximally to the
observed elevation in the levels of different analytes in plasma samples described above
(Fig. 1 and 2; Table 2), a hierarchical cluster analysis was performed. All the analytes
selected in Table 2 were used for the analysis. As an example, cluster analysis of RA patient
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data obtained by the Bio-Plex assay kit is shown in Fig.3. Out of twenty three analytes,
fourteen were significantly elevated (p-value <0.05) in patients 1, 3 and 6 while elevation of
analytes in patients 2 and 4 was not significant (Fig. 3). Out of the fourteen analytes that
were significantly elevated, thirteen are cytokines (IL-9, IL-5, IL-12p70, IL-2, IL-7, IL-1b,
IFNg, IL-4, IL-1ra, IL-13, IL-10, IL-6, GCSF) and one is a chemokine (Eotaxin). Similar
cluster analysis was also performed on data obtained by the Beadlyte (14 analytes) and
LINCOplex (17 analytes) assay kits. Results for patients 1, 3 and 6 by all three kits in terms
of fold-changes (log2) are summarized in Table 3 and the actual values of their respective
concentrations (pg/ml) are listed in Table 4. Elevation of analytes in patients 2 and 4 was not
significant by any of the three multiplex Kits and were therefore not included in Tables 3 ad
4. Seven of fourteen selected Beadlyte analytes and ten of the seventeen selected
LINCOplex analytes were significantly elevated (p-value <0.05) in the same set of patients.
Data based on the cluster analysis of all three assay kits: Bio-Plex, Beadlyte and LINCOplex
are summarized in Table 3. The cluster analysis revealed three analytes common between
BioPlex, Beadlyte, and Lincoplex kits that were significantly elevated in comparison to
healthy samples: 1L-12p70, Eotaxin and IL-4. In addition, five analytes were common
between BioPlex and LINCOplex assay kits (1I-9, IL-1f, IFNy, IL-10 and IL-6), and one
analyte was common between BioPlex and Beadlyte (IL-13). There was also one analyte
common between Beadlyte and LINCOplex kits (TNFa). Results from all three kits, taken
together, identified analytes that were elevated by at least two different multiplex Kits and
include IL-12p70, Eotaxin, IL-4, 1I-9, IL-1f, IFNy, IL-10, IL-6, IL-13 and TNFa.

Discussion

In this study, large-panel multiplex microbead immunoassay kits from four manufacturers
were compared by measuring cytokines and chemokines in serial plasma samples from RA
patients on rituximab therapy. Such a comparative analysis is likely to more accurately
identify cytokine/chemokine profiles in RA patients. This is because there are differences in
the Kits (see below) and therefore, analytes that are found to be elevated in common between
different kits are more likely to reflect the actual increases. Comparison of different
Luminex based multiplex kits for a small set of analytes (5 cytokines) has been previously
reported (24).

Cluster analysis (computer modeling) of the immunomodulator concentration data from
patients was performed to identify significantly elevated (p-value <0.05) immunomodulators
and the patients in which these analytes were elevated (e.g., by BioPlex kit as shown in Fig.
3). Fourteen analytes were found to be elevated at different time points in three of six
patients (patients 1, 3 and 6). Although patients 2 and 4 displayed elevation in composite
levels of analytes as analyzed by the BioPlex kit (Fig. 1), cluster analysis did not identify
individual analytes to be significantly elevated (p-value <0.05) (Fig. 3). Therefore, only the
analytes classified by cluster analysis to be significantly elevated by all three multiplex kits
in patients 1, 3 and 6 are summarized in Table 3. These differences in the detection of
elevated cytokines highlight the differences in multiplex kits from different manufacturers.
There may be a variety of reasons for variation in the performance of multiplex kits used in
this study with a large number of cytokines and chemokines. In a previous study, for a
limited set of five analytes, multiplex kits from different manufacturers (LINCOplex, Bio-
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Plex, Flourokine and BioSource multiplex kits) provided similar patterns of analytes. It is
likely that the chances of differences between Kits increase with the number of analytes in
the multiplex assays. All three kits (Bio-Plex, LINCOplex and Beadlyte) were user friendly.
We speculate that differences in antibody pairs used by different manufacturers for capture
and detection of individual analytes are likely to be a key factor. In addition, differences in
purified antigens (analytes) used for generating standard curves and compositions of sample
diluents and assay buffers supplied by the manufacturers may also contribute to variation in
results. In part, the differences may be due to interference by RF in the RA patient plasma
samples. In this regard, the multiplex kit from LINCO contains a sample diluent that
minimizes the effects of RF. Therefore, the data from LINCOplex kit may represent more
accurate profiling of different analytes. Despite the differences in the kit compositions, it is
reassuring to see that common analytes elevated between two of the kits, Bio-Plex and
LINCOPIex (Eotaxin, IFN-y, IL-10, IL12p70, IL-1p, IL-4, IL-6, and 1L-9), were measured
in similar concentrations in all samples (Table 4). We propose that for screening patient
samples for biomarker profiling, selection of analytes by consensus between at least two kits
would be more informative. Accordingly, analytes found to be elevated in patients, in
comparison to healthy individuals, by at least two kits are as follows: IL-12p70, Eotaxin,
IL-4, TNFa, I1-9, IL-1B, IFNy, I1L-10, IL-6, and IL-13 (Table 3).

Two key observations were made in this study: 1) Three of six patients (#1, 3 and 6), who
benefited from rituximab therapy, displayed elevated plasma cytokines (IL-12p70, Eotaxin,
IL-4, 11-9, IL-1pB, IFNy, IL-10, IL-6, IL-13 and TNFa), and 2) Rituximab therapy did not
lead to reduction in the amounts of elevated cytokines within the nine month period of
observation. The simplest explanation for these results is that because rituximab targets B-
cells and because most of these elevated cytokines are macrophage and T-cell products, the
levels of these cytokines were not affected by B-cell reductive therapy (25). Furthermore,
because rituximab treatment was effective in patients (17) that were found to contain
elevated immunomodulators in this study, the results may suggest that the observed
elevation in cytokine levels mediated or supported B-cell activation and survival, which in
turn could lead to a disease state that is more responsive to B-cell reductive therapy.
However, it is possible that if the study was continued over a longer period of time and if B-
cells were contributing to production of these cytokines (indirectly through activation by
macrophages and T-cells), a decline in concentrations of these immunomodulators may have
been observed. In RA patients, macrophages and fibroblasts in the synovium are thought to
be responsible for elevation of some of the key cytokines, such as IL-12p70, TNFa, IL-1,
GMCSF, IL-6, IL-15, IL-18 etc. (3,26). TNFa can lead to activation and enhanced survival
of B-cells and fibroblasts exposed to TNFa and IFNy (3).

The findings reported here are for a small number of patients. However, taken together with
the results of previous studies that demonstrated efficacy of rituximab therapy in patients
with RA (17,27), our findings may suggest that it is not the elevation of cytokines per se that
drives the disease but rather B-cells that are activated, better survived and which produce
auto-antibodies in this specific cytokine milieu presumably contribute to the disease
pathogenesis. Because rituximab targets B-cells, an overall reduction in the number of B-
cells (17), including those that are presumably activated due to elevation in certain cytokines
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as discussed above, would lead to a reduction in the severity of disease. If true, this implies
that measurements of a subset (or all) of the above cytokines in patient plasma may identify
patients who are likely to benefit from B-cell reductive therapy. These results indicate that
further studies are needed to clarify the relationship of elevation in cytokines and
chemokines and efficacy of B-cell reductive therapy.
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Figure 1.

Fold changes of analytes measured by multiplex kits: The results represent fold differences
(Log, Scale) of all the cytokines collectively between RA patients and healthy individuals
(red dotted line; n=14) as measured using each kit. The first data point for each patient is
pretreatment and the rest are post-treatment samples (3, 6 and 9 months). Sample (patient)
number 1 is missing pretreatment and sample 6 is missing six month time point,
respectively.
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Lincoplex

BioPlex Beadlyte

Figure 2.
Analysis of analytes measured by different multiplex kits. Venn diagram of elevated

analytes selected with fold change (log2 scale) > 2 and using FDR adjusted p-value < 0.05,
as shown in Table 2.
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scale: [T
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IL-2

IL-7
IL-18
IFNv
IL-4
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IL-10
IL-6
G-CSF
Eotaxin
IL-17
IP-10
MCP-1
PDGF-BB
FGF-Basic
VEGF
RANTES
IL-8
MIP-1B

Figure 3.
Cluster analysis of analytes measured by Bioplex. Fold changes of the analytes measured

using Bioplex kit (log2(FC) > 2 and p-value < 0.05) are classified by hierarchical cluster
analysis (Eucledian distance metric). The clustering approach groups the patients into two
major groups denoted by bidirectional arrows (red (elevated analytes) and blue (healthy
control levels) along the top horizontal direction) and the respective analytes (red bars along
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the right vertical axis denote significantly elevated analytes). The heat-map scale at the top
indicates analyte levels in patient plasma as compared to healthy controls (n=14).

Cytometry B Clin Cytom. Author manuscript; available in PMC 2015 May 08.



Page 15

Khan et al.

Author Manuscript

T alqel

Author Manuscript

* X X X X T-dON 8¢
X X X 0T-dl Le

X 6-11 9¢

¥ X X X X 8-l 514
X X X L1 144

* X X X X 911 €¢
- X X X X Sl [44
* X X X X 2l T¢
X €l 0¢

- X X X X 4l 67
X X X eIT-I 8T

. X X X X gt LT
X X X DI 9T

X X X LTI ST

X X X ST-11 vT

X X X €T €T

X X X oLdzT-1 | 2T

X X ovdzT-11 | 1T

- X X X X oT-1I 017
. X X X X BN4I 6
X X 4SO-N9 8

% X X X X 4S0-9 L
X aupieceld | 9

X JIseq 494 S

X 494 I

X X X uIxelo3 €

X 8/VN3 4

X 493 T

uowwo) | aumpjoion|4 | x3dODNI1 _ alA|peag _ xa|doig _ salh[euy ON

S|aued SnoLBA WO

Author Manuscript

salAJeue Jo 1sI7

Author Manuscript

Cytometry B Clin Cytom. Author manuscript; available in PMC 2015 May 08.



Page 16

Khan et al.

Author Manuscript

Author Manuscript

T 14 62 144 _ Lz 2oL
X X X 493A L€
X Odl 9€
X X X X D4INL e
X LET ve
X Joraos | e
X X X S3INVY | €
X qa-49ad | 1€
X X X JT-dIN 0
* X X X X OT-dIN 6¢
uowwo)d _ aupjolon|4 _ x3ldODNIT _ alA|peag _ xa|doig _ sal[euy _ ON

Author Manuscript

Author Manuscript

Cytometry B Clin Cytom. Author manuscript; available in PMC 2015 May 08.



Page 17

Khan et al.

Author Manuscript

[44 LT ST ST 14 alk|pesg
62 T T 1 1 X3]dODNIT

L2 € €C €2 (014 Xa|dolg
500 100 1000 10000
> fend > fend > rend > rend

(aeos

SauU01AD 2hoy) z < abuey) pjo- 40} uosiredwod ajdinw

le10 104 anfen'd pasnlpe Y4 Yyum saAfeue Jo Jaquinn sjaued

s|aued snoleA ay) J0J SISAfeue [ea11s1IBIS ay) Jo Alewiwing

¢ ?olgel

Author Manuscript Author Manuscript Author Manuscript

Cytometry B Clin Cytom. Author manuscript; available in PMC 2015 May 08.



Page 18

Khan et al.

Author Manuscript

e

9
4]
6'8
Ly
L'e
€'g

v

4
v
124
0'S
6V
L'S
6'v
9'S
4
8¢
9€
0's
§'¢
L'E

YIUON 9
9

584

4]
Sy
€8
9V
Sy
'S

v

e
584
Te
9V
9¢
€g
9'€
134
6'¢
€y
o€
e
€¢
0¢

UIUON €
9

54

oy
6T
8¢
0¢
LT
1>
0¢

6V
8's
124
¥'9
Ly
€9
Sy
§'S
144
€9
'S
144
9¢
L€

UIUON 0
9

4]

9'6
89
6
¥'9
L'S
<9
44

(474
TL
4]
78
L'S
TL
79
§'9
L'y
8'G
§'9
8'G
L'y
0's

LIUON 6
)

Tv

08
a9
49
09
8'G
'S

oy

S'€
99
9
9
4}
L9
TS
L'S
€g
L'S
8'G
0'S
oy
L't

YIUON 9
€

6'¢

0L
€9
8'8
8's
79
6'9
TS

8¢
8'S
144
9
9V
9
8y
'S
'S
'S
'S
Sy
e
§'¢

UIUON €
g

Ts

6'8
6'9
6
6°L
¥'6
6'¢t
L'L

(474
0L
L'S
L'L
79
<L
9
L9
79
99
99
6'S
Sy
8V

UIUON 0
€

S'€

TL
54
'8
L'y
144
44

6'¢

0L
L
L€
06
Sy
474
Sy
L'S
0'S
9'9
0€
0'S
€€
7€

YIUOIN 6
T

Sy

9'¢
80
L'e
0¢
80
x4
6'T

6'9
V'L
0's
6
79
9'9
L'S
6’9
8'G
9L
9'S
6'S
oy
ov

IO 9
T

6'¢

TL
€y
¥'8
L'y
vy
44

6°¢

¥'9
'S
€y
0'6
'S
9'S
L'S
79
'S
09
Te
€g
0€

e

@c_xmuom_
x8ldOONIT
o6 PANL
olalll
e
#1711
®02deTI

4S0-W9
@c_xmuom_
a1A|peag
Kl
L
ol
gl
er 1
Z
el
Kiiaal
#£T-1
®0LdzT I
L0111
N4l
450-9
@c_xmuom_

xa|doig

YIUON €  JUl0d Wil

T

J#usied

'S11Y a1A|prag pue xa|dODNIT ‘Xa]dolg 10} SISA[eue uaisnjo Ag paijisse]d siuaired ul salAeue 12919 Jo sabueyd pjo4

€9l|qel

Author Manuscript

Author Manuscript

Author Manuscript

Cytometry B Clin Cytom. Author manuscript; available in PMC 2015 May 08.



Page 19

Khan et al.

"SPOYIBIAI PUE S[BLISIRIAl 8U} Ul PaQIIaSap Sk SONsIIels ajeLieA-Inw Ag paALiap aJe ajge L Ul paisi| sabueyd pjo4 "xaldODNIT pue alA|peag usamiaq
LOWLWOD 8S0Y) S810UBP 4 Pue B1A|pEag PUB X8|dolg UBaMIaq UOWILLOD SalA|eue sa1ouap # '« AQ palou aJe xa|dODN | pue xajdolg usamiaq paieys asoy) ‘@ Aq palousp aie siy aaiy) |[e Aq paseys selkjeuy

LT
6'C
§¢
Te
91T
9'¢
13
9¢
Le

UIUOIN 9
9

6°C
7€
6°¢
Sy
6°C
'€
Ts
[44
L'e

UIUO €
9

e
44
L'E
Sy
0¢
gt
9¢
L'e
144

UIUOIN O
9

9'S
6'¢
0's
9'S
vy
6'v
€y
§'S
0's

UIUOIl 6
)

Sy
7€
vy
6V
€¢e
8¢
Sy
8V
474

UIUOIAI 9
g

S'¢
§¢
oy
(584
8¢
8¢
L€
584
9¢

UIUOIN €
£

'S
8'¢
9'S
6'S
L'y
8V
L'S
6'S
0's

UIUOAI 0
)

€€
99
€€
584
4
¢
9's
X4
474

UIUOIA 6
T

9'S
L9
6V
8'G
6'v
€
99
8y
Ts

UIUOIA 9
T

474
L'S
oy
4]
oy
8¢
6'v
v'e

Sy

o PANL
Kl
el

1all
il
ST

®0LdzT I

ol

N4l

UILON € UI0d 81l

T

[#usied

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Cytometry B Clin Cytom. Author manuscript; available in PMC 2015 May 08.



Page 20

Cytometry B Clin Cytom. Author manuscript; available in PMC 2015 May 08.

6€ ¥ 80C EFENC 9€ ¥ 502 TZL ¥ L0VT 18y FT¥8  TZLFLOVT L8V FIH8 L8T 02 L8T 902 L8T 02 TF¥ o INL
1ZF20v  LTTF8SC  vWIFS8Z 922 FvvOT 19V F 106 9ZZFvWOT 9% T L06 86 F LTT 86 F LTT 86 LTT 0FTT or
8EFOS0V OSTTF8I6Z ZITTF088Z 0T 0005 0SS ¥ TShY 0 ¥ 000S 0SSFTSYy /BT FEVYT /ST FEYYT  /BSTFEWWT  VIFEL -l
TExAN) 8 ¥ 00T ZTF Y01 6E ¥ V2g vOv T £59 6E ¥ V2E vOv T £59 0S¥ 19 05 F 29 0S¥ 19 T%9 #e1
L6 FEET SEFTL 297891 ST 7 68¢€ 20TZFLv9  STF68E 29T ¥Lh9T 69718 69718 69718 o¥g @0
OTT ¥ LLT ST¥28 56 F 26T 0SF90C  VWBETFO9EPT  0SF90Z  ¥WBET T 09EYT ZFew T ZFew TF¥ 4S0-WD
€EGF /06  TIFG8E 2eS ¥ 116 SSF L2l €SLEF IS SGFLTL  €SIEF I¥ES VEZ F 66 V€T F 66€ VEZ F 66 ocFgy  @Ux®03
(jwy/6d) suonenusduo) - aik|peag
TSTY0ST  0ZFBEST  vIF6S8Y  SIEF8YOE Iy TOTI8T  €22FE€SEC  CETFSYOE  LOSEFT9/0Z 2STEFG926T VG T2e/€T v T 652 ol
0F€9 TF69 17861 €T £0S 82 F 7€ ZF 56T vZ ¥ 657 TLF 25 /8 F 7€9 ZF 6Vl ZF L 2l
GEFG09T  9ZFI6L STF08ST SV T 2hSE T€CF206C 09T ¥868T  S6T ¥ OVOY ISTFSZZT 82T vl6C  ZETFVIIT  ¥ITG6I O
TF6T TFTI 0% 0v 0T F veT e SF 0y 1¥86 T F Sve 0€ ¥ 28¢ £Feee 071 S5-I
LEF ISy 9T T 16T VT 6TY 0Z€ 098 vv ¥ 195 12728 £ 79501 L€ 65 12T 70401 TEF 19 0TFTE or 1
6GF9EZT  8SFLS6  LITFE98T  8SE F bSEE viZ¥8/S67  GZTFO08T  €ST¥FT29E 1Y Fvep €2 ¥ 286T €8T 86TT LV FI0T Z
822 FG9¥9 89T 6297 902 F 622G TZITFE6IST  CTZFT69.  TEF6209  COSTEEEIT  pEGFee6y  PIOTFOZ8TT  €LTTFLTOTT  SLTF0TS Il
ZFvee £F 1T 6T ¥ 00€ 16 7299 8T T ¥E z¥8le lgFeel 12T 9E 29T 7058 Zr T 8Ly 9791 ST
¥ 12 1¥2C ZF¢€9 €V ¥ /8 v F6IT TF.0T €T 76T 816 8T ¥ 69T £ 2T TG #1
ZE T 682 9z F 207 6/FT/ST 922 FTLIT S5 T 8E0T £5 ¥ 82L 9% ¥ 2261 99y F6/6T  T/LFTIS8E  TZT FOTET 9FTe @I
6T ¥ 6vC LTF29T 6F95L 0% F 2161 vE ¥ 8GTT £ 8L €2 ¥ €561 62 F 0T 67T /86 ZFI8T LFEE L0171
VFL00L  Z9TFYI6T  SZFVEQY  vOVT FL66TT 28T 6T89 OIS FOv6y 68 F pTIKeI Z6ET60/9  ZVOT¥.£92T  OST¥/228  S8F8EE NI
0Z ¥ 626 97 00V T€ T 9€0T LTFShee S T TVET ¥Z ¥ v68 ZT ¥ 68T 2T ¥ €98 1ST ¥ €661 9 F 159 6TFYIT 450D
£97622T  0ZFEEL SGF2S2T  0LT FE€26C 6T ¥ 2821 ZF1€0T 2T ¥ 1662 99 ¥ 28 08T ¥ GTST 80TFG9%6  zeF6sT @UX®O3
YIUOIA 9 YIUOIN € IO O UYILOIN 6 YIUOIN 9 YILON € UYILOIN O YILO 6 UYILON 9 YIUOIN € AyesH  sulal04d
91usned € Jusiied T JU3ned
(Jwy/6d) suoireaiusdsuo) alkfeuy — xa|d-olg

Khan et al.

's1y alA|peag pue xa|dODNIT ‘X8]dolg sluaned pue sjos1uod Auylfesy Ul sa1Afeue 193]S 8yl JO SUOIRIIUAOUOD

v alqel

Author Manuscript Author Manuscript Author Manuscript Author Manuscript



Page 21

Khan et al.

"(spoyisIN 79 sjeliaiel) Buljspow Jeaul] ayr Buisn syuswiaInseaw ayealjdal ay) Wolj paurelqo a1am SUOITRIIUSIUO0D BY) Ul UoIeLIRA "X3[dODNIT pue alA|peag usamiaq
UOWIWIOD 3SOU} S310UapP 9% pue alA|peag pue Xa]dolg Usamlag UoWWOI salAjeue salouap # ‘x Aq palou ale xa|ldODNIT pue xajdolg usamiaq paleys asoyl ‘@ Aq pajousp aJe iy aaiy) ||e Aq pateys salAjeuy

Z¥926 zFe8e 657969  VOLTFGEOr 80T F0S0C 92 ¥ 186 €8 F G580 LT¥988 90T F GL¥y 0 T€9T TTF20T % ANL
SBF6ELT OV FYEET 08 FHITY 0Z ¥ 0gee 1 ¥ 8002 0ST¥625  CIT¥Y62E  B96TFGvEZe V6T OTIbZ  PI0Z F26LTT  6G T 8SE Mol
SETF/8ST  8LF90L SEF69.T €5 T TG6E [9F2T92  TZTF06T  8LEFTS8S 2279021 Oy 6096  /ST¥286T 99 ¥ 22C O

TT 7 0vY v 7691 ST ¥SY 902 ¥ 926 0T ¥ 665 €2 F 20v ZEF v0CT 6€ T 68€ ¥8T ¥ GYTT T2 ¥ 52l 6FEE orl

¥ZF 102 ZFSL ST 881 26 7 €25 82 ¥ 852 0T FG.T €€ F ¥E9 9€ ¥ 067 8. ¥ 25L STOTY €T 6C il

717081 ZT¥ 26 0T F0LT 62 FSLY 8T ¥ 602 97 /12 9T ¥ 85 SIFT6 8T ¥ 8vT 9T ¥ 80T v¥ee ST-1I

6 ¥ 82 €2 F OvE T2 ¥ 9€€T €05 ¥ G€6 0T ¥ 688 ST E6Y 1S ¥ 1802 02z ¥/88T  OVOT F¥E8E [y FE€6TT zFzy  @OLIT

0¥ ¥0Z ST F 6T ¥ ¥ 809 €92 F v6YrT 1€ 868 8 ¥ 659 0TT ¥ 8561 8T ¥ 9€T ST 016 zF 191 ST 0y LT

£F6006 BYTFIS0E  Z8FTL09  E8YTFLyeST  OpT¥2088  ©OF 029G  LOEF/y8YT  Z2G¥1998 ¢TI 62651 0/ZF29L0T  LT¥.G9 o 'Ndl
0SF9TET 8T FSO0L 8T ¥ 1821 8y ¥ 1S¥C SOT ¥ L9TT 02 ¥ 6.6 £V ¥ 6vEC Ly F 9L 6vT ¥ 0/ST 0ZT¥8.6  8ZFIIT @UXEOS
(jw/6d) suoiyenusduo) - xa|dODNIT
YIUOIN 9 UYIUOIN € YIUOIA O YILOIN 6 UIUOIN 9 YILON £ YILOIN 0 YILON 6 UYILOIN 9 YIUOIN € AyesH  sugoid
91usled £ 1ualed T Usned
(1wy/6d) suonresiuad’uo) alAfeuy — xa|d-olg

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Cytometry B Clin Cytom. Author manuscript; available in PMC 2015 May 08.



