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Background—Gallbladder disease is highly related to inflammation, but the inflammatory
processes are not well understood. Bile provides a direct substrate in assessing the local
inflammatory response that develops in the gallbladder. To assess the reproducibility of measuring
inflammatory markers in bile, we designed a methods study of 69 multiplexed immune-related
markers measured in bile obtained from gallstone patients.

Methods—To evaluate assay performance, a total of 18 bile samples were tested twice within the
same plate for each analyte, and the 18 bile samples were tested on two different days for each
analyte. We used the following performance parameters: detectability, coefficient of variation
(CV), intraclass correlation coefficient (ICC), and percent agreement (concordance among
replicate measures above and below detection limit). Furthermore, we examined the association of
analyte levels with gallstone characteristics such as type, numbers, and size.

Results—All but 3 analytes (Stem Cell Factor, SCF; Thrombopoietin, TPO; sIL-1RI) were
detectable in bile. 52 of 69 (75.4%) analytes had detectable levels for at least 50% of the subjects
tested. The within-plate CVs were <25% for 53 of 66 (80.3%) detectable analytes, and across-
plate CVs were <25% for 32 of 66 (48.5%) detectable analytes. Moreover, 64 of 66 (97.0%)
analytes had ICC values of at least 0.8. Lastly, the percent agreement was high between replicates
for all of the analytes (median; within plate, 97.2%; across plate, 97.2%). In exploratory analyses,
we assessed analyte levels by gallstone characteristics and found that levels for several analytes
decreased with increasing size of the largest gallstone per patient.

Conclusions—Our data suggest that multiplex assays can be used to reliably measure cytokines
and chemokines in bile. In addition, gallstone size was inversely related to the levels of select
analytes, which may aid in identifying critical pathways and mechanisms associated with the
pathogenesis of gallbladder diseases.

Keywords
Bile; Gallstones; Cytokines; Chemokines

1. Introduction

Gallbladder disease is the second highest cause of hospital admissions in the United States,
with costs surpassing $2 billion [1]. Two key factors associated with gallbladder disease,
gallstones and chronic inflammation, likely contribute to the hospital admissions. The
chronic inflammation associated with gallstones in the gallbladder may be through the
mechanical irritation of the gallstones rubbing against the gallbladder epithelial wall and
gallstone-related cholestasis [2]. In addition, important risk factors for gallstones, such as
obesity, serum lipids, and diabetes have also been linked to inflammation [3-5].
Furthermore, the use of nonsteroidal anti-inflammatory drugs (NSAIDs) has been associated
with a reduction in gallbladder cancer [6], again suggesting that inflammation is an
important mechanism in gallbladder pathogenesis.

Measurement of immune-related proteins in bile may help in characterizing the local
inflammatory response that develops during gallbladder pathogenesis. However, these
measurements can be challenging given the complex composition of bile, including bile
salts, cholesterol, phospholipids, bilirubin, proteins, and inorganic ions (calcium, chloride,
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sodium, and bicarbonate) [7]. Previous studies measuring immune analytes in bile have
largely been conducted in liver transplant patients where the bile was primarily collected
from livers, T-tubes, or via endoscopic retrograde cholangiopancreaticography [8-16]. Also,
all of these studies measured only a small number of analytes.

To facilitate future studies of inflammation and gallbladder disease, we evaluated the utility
of multiplex assays to reliably measure multiple immune-related analytes in bile. Multiplex
assays offer many advantages over singleplex assays such as ELISA, including 1) small
sample volume requirement, 2) reduction in assay time, 3) reduced labor and material
expenses, and 4) a larger range of quantification for each analyte. We have previously
validated Luminex bead-based multiplex assays in serum and plasma [17], and applied these
assays to identify inflammatory markers associated with risk of various types of cancer,
including lung and non-Hodgkin lymphoma [18-20]. More recently, we established that it is
feasible to perform these assays in cervical secretions [21], allowing future studies to
evaluate the immunological associations with HPV-related cervical disease. In order to
study the role of immune processes in gallbladder-related diseases, we developed methods to
measure immune-related analytes in bile and examined the performance of multiplex
cytokine assays in bile using samples from an NClI-sponsored study of Biliary Tract Cancers
in Shanghai.

2. Material and Methods

2.1 Study Population

Biologic specimens and data were obtained from a population-based case-control study
conducted in Shanghai, China [22]. All study participants provided written informed
consent, and the Shanghai Cancer Institute and National Cancer Institute institutional review
boards approved the study protocol and studies of inflammation, which includes the methods
work described herein. For the assay optimization procedures, we randomly selected four
gallstone patients with >1 mL of bile available, and for assessing assay reproducibility, we
randomly selected 18 gallstone patients with >0.5 mL of bile available.

2.2 Optimization of Immune-related Analyte Assays

To determine whether Luminex bead-based assays could be used to measure cytokines in
bile accurately, we tested bile from four gallstone patients. The Luminex 200 instrument can
detect 100 unique bead sets through a unique internal fluorescent dye signature, so the
readout is highly dependent on the integrity of the fluidics system and beads. Due to the
viscosity (mucins and lipids) and dark pigmentation of bile, we first evaluated whether bile
would affect bead aggregation and classification. Bead aggregation ranged from 20% to
40%; however, the beads were gated to exclude doublets during acquisition.

We evaluated three methods to improve measurement reliability and bead aggregation:
filtration, delipidation, and dilution. Serial filtration was performed using 1.2, 0.44, and 0.22
micron filters. Samples clogged the filters at each pore size, which minimized the utility of
filtration. For delipidation, bile samples were spiked with known concentrations of several
cytokines, incubated with Cleanascite™ (1:2), and treated according to the manufacture’s
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recommendations. The removal of lipids provided minimal improvement in bead
aggregation, and only three of the 19 spiked cytokines were recovered at an acceptable range
(70%-130%) using the Cleanascite™ reagent (Supplementary Table 1). The bile samples
were serially diluted in assay buffer from the respective kit being tested, and the set of
dilutions for each assay are described in Supplementary Table 1. Typically, we noticed a
marked improvement in bead aggregation with diluting the bile; however, the overall
improvement in bead aggregation varied with subjects. Consequently, there was a decrease
in detectability at the highest dilution as compared to preceding dilutions for each multiplex
panel examined, which was taken into consideration on selecting the appropriate dilution for
each assay.

Furthermore, serial dilutions of bile were used to evaluate the linearity and recovery of each
spiked analyte (Supplementary Table 1). We considered analytes with more than a 2-fold
change between dilutions for at least half the subjects to be acceptable, except for the
Milliplex soluble receptor panel, which was evaluated starting at a 1.2-fold change between
dilutions. At least two concentrations of standards from each assay were spiked into the bile
samples to assess recovery. A recovery of 70%-130% of the spiked analyte for at least half
the subjects was considered to be acceptable for bile.

2.3 Additional Assays

Three analytes (C-reactive protein, CRP; Serum Amyloid A, SAA; and Serum Amyloid P,
SAP) in the Luminex-based Milliplex assay (Cardiovascular Disease Panel 2) had poor
spike recovery and dilution patterns for each analyte even though the linearity passed our
criteria (Supplementary Table 1). Given the increasing interest in these markers, particularly
CRP, in cancer, we evaluated the Vascular Injury Panel 2 (Meso Scale Discovery, MSD;
Rockville, MD), which contains CRP, SAA, Intercellular Adhesion Molecule-1 (ICAM-1),
and Vascular Cell Adhesion Molecule-1 (VCAM-1). Overall, the performance of the MSD
Panel was better than the Milliplex panel as indicated by the acceptable linearity and spike
recovery for each analyte (Supplementary Table 1), so the MSD Vas cular Injury Panel was
utilized for the reproducibility evaluations.

Because the concentration of bile can vary from person to person, we evaluated two
different proteins that could be used as an overall measurement of bile concentration against
which measurements of immune-related markers could be normalized. We examined the
reproducibility of total protein (BCA, Thermo Fisher Scientific Inc., Rockford, IL), which
has been used to normalize the levels of immune markers in cervical secretions [23], and
albumin (Bethyl Laboratories, Inc., Montgomery, TX). The bile samples were diluted 1:100
for total protein, and 1:75000 for albumin. The overall CV of BCA and albumin was 14.7%,
and 7.9%, respectively. Additionally, hemoglobin (Bethyl Laboratories, Inc., Montgomery,
TX), was used as a surrogate for contamination of bile with peripheral blood. The overall
CV of hemoglobin (diluted 1:10000) was 19.2%.

Samples undetectable at the indicated dilutions above were repeated at a different dilution
for BCA (n=3; 1:2), albumin (n=7; 1:5000), and hemoglobin (n=6; 1:20 and 1:200) in order
to interpolate a detectable level based on a 5-parameter logistic curve using SoftMax Pro 6.1
(Molecular Devices, LLC., Sunnyvale, CA).

Cytokine. Author manuscript; available in PMC 2016 May 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Kemp et al. Page 5

2.4 Samples for Reproducibility Assessment

The reproducibility of each analyte was assessed from the bile of 18 randomly selected
gallstone patients. We created four child aliquots for each panel of analytes; two child
aliquots were tested within the same plate on day 1, and the other two child aliquots were
tested within the same plate on day 2. Each sample aliquot had a unique ID, so the
technician testing the samples was blinded to the replicate aliquots (n=2) examined in each
plate. The Milliplex panels and MSD panel were tested according to the manufactures’
recommendations. As determined by the optimization procedures described above, the bile
samples were diluted 1:10 in assay buffer for all of the Milliplex panels (Cytokine Panel 1,
23-plex; Cytokine Panel 2, 17-plex; Cytokine Panel 3, 7-plex) except for Soluble Receptor
Panel (13-plex, samples diluted 1:40) and Adipokine Panel 1 (5-plex, samples diluted
1:100). All samples in the MSD panel (Vascular Injury Panel 2, 4-plex) were diluted 1:100.
The levels of each marker within the Milliplex panels were evaluated on either a 5- or 4-
parameter logistic curve using BioPlex Manager 6.1 software (BioRad, Hercules, CA). The
markers in the MSD panel were evaluated with a 5-parameter logistic curve using Discovery
Workbench 4.0 Software (MSD, Rockville, MD).

2.5 Statistical Analysis

For each marker, we assessed the reproducibility based on the crude measurements, as well
as the measurements normalized by total protein (BCA) [(pg/mL of analyte)/(ug/mL of total
protein)] and albumin [(pg/mL of analyte)/(ng of albumin)]. We used the following four
measures: 1) percent detectability, which was assessed at subject level, where a subject was
considered as having a detectable analyte level if all four samples per subject were above the
minimum detectable standard, 2) within-plate and across-plate coefficient of variation
(CVs), which were based on analyte levels above minimum detectable standard, 3) the
intraclass correlation coefficient (ICC), which was based on analyte levels above minimum
detectable standard, and 4) the percent agreement (i.e., the concordance among replicate
measures above and below detection limit). CVs and ICCs were calculated based on
untransformed analyte values. The within-plate CV, across-plate CV, and ICC were
calculated based on least squares estimates obtained from models fitted with “Proc GLM”
(SAS 9.1.3). When evaluating the performance criteria as a whole, we classified the analytes
into four groups: excellent (detectability of samples =50%, within-plate and across-plate
CVs <25%, and ICC =0.8); good (detectability of samples 225%, within-plate and across-
plate CVs <40%, and ICC =0.8); fair (detectability of samples =25%, within-plate and
across-plate CVs <75%, and ICC =0.8); and poor (all remaining analytes). The percent
agreement was calculated as the percentage of paired samples with analyte levels both above
or both below the minimum detectable standard. Furthermore, we assessed the association of
analyte levels with tertiles of hemoglobin levels detected in the bile samples using the
Kruskal-Wallis test.

We also explored whether any of the multiplex analyte levels differed by the type of
gallstones (cholesterol and mixed), number of gallstones (1-3, 4-8, and >8 gallstones), or
size of the largest gallstone (<10 mm, 10-14 mm, and =15 mm) recovered from the
gallbladder following surgery. Analysis of gallstone characteristics were evaluated using
either the Mann-Whitney test for comparisons between two groups or the Kruskal-Wallis
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test for comparisons between three groups. For all analyses, a p-value <0.05 was considered
significant. All statistics were calculated with SAS 9.1.3 (SAS Institute Inc., Cary, NC) or
JMP 10.0.2 (SAS Institute Inc., Cary, NC).

3. Results

The gallstone patients included 8 males and 10 females, with a median age of 65 (range: 37—
73) (Table 1).

These patients largely had cholesterol (5/18, 27.8%) or mixed cholesterol (9/18, 50%)
gallstones, followed by pigmented gallstones (2/18, 11.1%) and stones of undetermined type
(2/18, 11.1%). The number of gallstones collected after surgery ranged from 1 to 30, and the
size of the stones ranged from 2 mm to 30 mm. The majority of patients were never smokers
(13/18, 72.2%), followed by current smokers (4/18, 22.2%) and former smokers (1/18,
5.6%).

We were concerned that the chemical composition of bile would affect the Luminex assay,
so we performed a set of optimization studies to first assess the effects of bile on the beads
and analyte concentrations. We noticed that the amount of bead aggregation after incubating
bile with the Luminex beads varied by sample; the aggregation increased with samples that
were more viscous than others. The most effective solution in reducing bead aggregation
was diluting the sample at least 10-fold with assay buffer. Diluting the bile had minimal
effects on detectability since nearly 75% of the analytes tested were detectable in at least
50% of the bile samples. Step-wise filtration was problematic because the bile clogged the
filter membrane, and removing the lipids using Cleanascite™ resulted in only minor
improvement in bead aggregation.

Sixty-nine analytes were evaluated for percent detectability. Seven analytes were detected in
less than 25% of the subjects; seven analytes were detectable in 25% to 50% of the subjects;
and 52 analytes were detected in at least 50% of the subjects tested (Figure 1).

The results were similar when based on the number of samples rather than the number of
subjects (Supplementary Table 2).

Three of 69 (4.3%) analytes had undetectable values for all subjects tested (Figure 1): Stem
Cell Factor (SCF), Thrombopoietin (TPO), and sIL-1RI. These three analytes were
subsequently excluded from coefficient of variation (CV), intraclass correlation coefficient
(ICC), and percent agreement calculations, so the total number of analytes evaluated was 66.

The CVs for each detectable analyte were separated into two categories: within-plate CV
and across-plate CV. Fifty-three of 66 (80.3%) analytes had CVs <25% within-plate, and 32
of 66 (48.5%) analytes had across-plate CVs <25%. The median agreement of within-plate
replicates was 97.2% (range: 77.8%-100%), and the median agreement of across-plate
replicates was 97.2% (range: 72.2%-100%). Sixty-four of 66 (97.0%) analytes had an ICC
value of at least 0.8 (Figure 1). Only two analytes had an ICC below 0.8: sVEGFR3 (0.79)
and IL-33 (0.72). As seen in Figure 2, a majority of the analytes fall within the excellent and
good classification (n=40). Of note, two analytes (Macrophage Inflammatory Protein-1a
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[MIP-1a] and stromal cell-derived factor-1a+p [SDF-1a+h]) were classified as having good
performance and one analyte (6Ckine) was classified as having fair performance, yet these
analytes had poor linearity and spike recovery as noted in Supplementary Table 1.

Normalization using either BCA or albumin resulted in an increase in CVs, while the ICCs
remained relatively unchanged (Supplementary Table 3). For example, the range of within-
plate CVs for the 66 detectable analytes was 0.5%-48.5% without normalization, 3.8%-—
102.3% with BCA-based normalization, and 5.4%-170.6% with albumin-based
normalization. Similarly, the range of ICC values for the 66 detectable analytes was 0.72—
1.0 without normalization, 0.76-1.0 with BCA-based normalization, and 0.6-1.0 with
albumin-based normalization.

Using hemoglobin as a surrogate for contamination of bile with peripheral blood, we
assessed the association of analyte levels with tertiles of hemoglobin levels detected in the
bile samples. Several analytes were significantly associated with hemoglobin
(Supplementary Table 2). For example, the levels of the five analytes in the Adipokine Panel
(Adiponectin, Adipsin, Lipocalin-2, Resistin, and PAI-1) were positively associated with
hemoglobin. Furthermore, albumin was significantly associated with hemoglobin, while
BCA was not significantly associated with hemoglobin, which corresponds to the increase in
analytes significantly associated with hemoglobin after normalization to albumin
(Supplementary Table 3).

After evaluating whether marker levels differed by gallstone characteristics (Supplementary
Table 4), we found significantly different marker levels for only one marker [epithelial-
derived neutrophil-activating peptide 78 (ENA-78)] by gallstone type (p=0.05) and one
marker [C-reactive protein (CRP)] by number of gallstones (p=0.04). Interestingly, nine
analytes showed significant changes in levels that tended to decrease as the size of the
largest gallstone increased from <10 mm to 10-14 mm to =15 mm: epidermal growth factor
(EGF), macrophage inflammatory protein-1 beta (MIP-1b), Eotaxin-2, monocyte
chemoattractant protein-2 (MCP-2), macrophage inflammatory protein-1 delta (MIP-1d),
sIL-1RI1I, TNF-related apoptosis-inducing ligand (TRAIL), soluble tumor necrosis factor
receptor | (STNFRI), and sTNFRII.

4. Discussion

Given our success in using the Luminex bead-based platform to conduct immune profiling
studies using serum, plasma, and cervical secretions [17, 19-21], we assessed feasibility of
expanding the use of this platform for measuring multiple immune-related analytes in bile.
After an initial series of optimization experiments, we also tested four analytes (CRP, SAA,
ICAM-1, and VCAM-1) using the MSD platform. Of the 69 analytes tested, 66 (95.7%)
were detectable in bile. Of the 66 detectable analytes, 52 had detectable levels for at least
50% of the subjects tested, and only 7 had poor detectability (<25%). In addition, 53 of the
detectable analytes (80.3%) had within-plate CVs <25%, 32 (48.5%) had across-plate CVs
<25%, and 64 (97.0%) had ICC values of >0.8. Of note, 22 analytes had excellent
performance characteristics (detection in >50% subjects, ICC >0.8, CV<25%) and 18
analytes had good performance characteristics (detection in >25% subjects and ICC >0.8)
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despite having somewhat elevated variability (CV between 25%-40%). Taken together, our
data suggest that multiplex assays can be used to reliably measure cytokines and chemokines
in bile, which may aid in identifying critical markers and pathways associated with
gallbladder pathogenesis.

Gallbladder pathogenesis is strongly associated with gallstones and inflammation; however,
the lithogenic mechanisms, particularly with respect to the role of inflammation in gallstone
formation, are still unclear. Gallstones form during a hypersaturated state of cholesterol in
the bile, which leads to crystal formation [24]. One suggested contributing factor to
gallstone formation is the interaction of gel-forming mucins with the cholesterol crystals,
which is further supported by the detectability of mucins within gallstones [25]. The
mechanism associated with the overproduction of mucins, especially MUC5AC, has been
linked to EGFR and TNFa [26]. In vitro studies have shown that TNFa in combination with
EGFR ligands (TGFa) triggers significant production of MUC5AC mRNA and protein.

In evaluating analyte levels with gallstone characteristics, we found nine markers with
significant differences that tended to decrease across categories of gallstone size. For type of
gallstone and number of gallstones, only one marker (ENA-78 and CRP, respectively)
differed significantly, likely reflecting chance given multiple comparisons. Nine markers,
however, is more than twice as many than would be expected by chance at a=0.05. The
consistent trend of decreasing levels across categories of gallstone size for the nine markers,
especially between the 10-14 mm and =15 mm category, suggests that there is a biologic
relationship between immune-related markers and gallstone size. Many of the analytes are
chemokines (MIP-1b, MIP-1d, Eotaxin-2, and MCP-2), which suggests a role for the
recruitment and localization of immune infiltrates into the gallbladder epithelium during the
early stages of gallstone formation. The decrease in the level of these analytes as the
gallstone size increases may represent a suppression in the immune response at some point
in gallbladder pathogenesis. Moreover, this may provide further evidence for the mechanism
of gallstone formation and associations of increased gallstone size with increased risk of
gallbladder carcinogenesis [27, 28]. While we did not have bile from healthy donors to
formally evaluate the level of these markers in bile from gallstones patients compared to
healthy controls, the trends we observed by gallstone characteristics among gallstone
patients suggest that we can use the multiplex analyte assay to gain a better perspective on
the local soluble analyte response and its role in gallbladder pathogenesis. Hence, the
multiplex assays serve as a unique tool to capture the level of many cytokines and
chemokines, which represent a multitude of pathways (anti-viral, apoptotic,
proinflammatory, proliferation, and chemotactic). Measurement of these analytes can be
used to gain a better understanding of the local milieu and how that may play an active role
in lithogenesis and potentially gallbladder carcinogenesis. Moreover, the local cytokine and
chemokine milieu in the bile may allude to specific immune cells present in the gallbladder.
Future studies are needed to evaluate the role these analytes across the full spectrum of
gallbladder pathogenesis.

Not only is bile a good biospecimen f or assessing the local environment during gallbladder
diseases, but bile also has great utility in monitoring liver complications following
transplant. For example, a previous study found that the levels of sIL-2R and SICAM-1 in
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bile were higher in patients with acute liver graft rejection compared to patients with
complications due to infection and stable liver graft transplants [29, 30]. Furthermore, in a
study that measured five cytokines (TNF-a, IL-4, IL-5, IL-6, and IL-13) in bile, IL-4 and
IL-5 levels were significantly higher in patients with 1gG4-related cholangitis compared to
patients with primary sclerosing cholangitis, bacterial cholangitis, and benign strictures of
the extrahepatic bile ducts not due to cholangitis [16]. In vitro, theses cytokines were
important in modulating the function of the tight junctions of biliary epithelial cells. Both of
these studies examined only a few analytes by ELISA; however, the utilization of multiplex
assays may help to capture a larger group of analytes capable of distinguishing between
acute liver graft rejection and infection with better sensitivity and specificity, which may
help guide clinical management, as well as identifying additional markers involved in
pathogenesis.

Bile is a particularly challenging medium to work with, since it is a complex matrix of bile
acids, lipids/cholesterol, pigments, and mucins [7]. In our optimization experiments, we
evaluated several methods to reduce bead aggregation. While step-wise filtration and
removing lipids with Cleanascite™ did not substantively improve bead aggregation, diluting
the sample at least 10-fold with assay buffer was effective and did not impair detectability.
We also assessed the recovery and linearity of each analyte. While most markers exhibited
good recovery and linearity, we found strange patterns for a few markers. For example, the
calculated recovery of EGF with three different spiked concentrations of EGF was between
70% and 130% at a 1:10 sample dilution, indicating good recovery. However, the calculated
concentration increased 10-fold with each subsequent dilution from neat (pure bile) to 1:10
and 1:100. This increase in the observed amount of EGF with increasing dilutions may
suggest that the EGF antibodies were non-specifically binding to factors in pure bile and
lower-level dilutions. Even so, the reproducibility characteristics of EGF were acceptable
(within-plate CV 5.9% and across-plate CV 20.3%, ICC=0.93), despite the irregularities in
the concentration of EGF observed at different dilutions. These findings highlight the
importance of performing methodological studies on an assay prior to reporting the results
so the results can be interpreted accurately. In addition, when applying these assays to
epidemiological studies it is important to confirm significant results by replicating with an
independent group of samples and a different assay.

Although most of the analytes tested in this study were based on the Luminex assay, we
evaluated CRP, SAA, ICAM-1, and VCAM-1 in the MSD planar multiplex assay system
because CRP and SAA (the only two of these four acute phase analytes included on the
Luminex panel) did not perform well in bile during our optimization study with the Luminex
assay. While the detectability, CV, ICC, and agreement among replicates were acceptable
for CRP, SAA, ICAM-1, and VCAM-1 with the MSD assay, the Luminex assay is
preferable in biospecimens where it performs well since the MSD system is limited in its
multiplexing capacity and currently can only detect up to 10 different analytes in a given
well.
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5. Conclusions

In summary, we optimized multiplexed assays for use in b ile, providing new access to
efficient exploratory tools for screening markers in this medium. A majority of analytes
could be reliably measured from bile and used in epidemiologic studies, suggesting that we
can efficiently use multiplex technology to examine more comprehensively the
immunological milieu present in bile. Furthermore, we found an inverse association with
several analytes and gallstone size. These assays could be applied to assist with the
monitoring of liver transplant patients for graft rejection and other complications, may help
inform clinical management, and could be used to investigate underlying pathogenic
mechanisms. In particular, epidemiologic studies using these assays would provide
insightful clues to the factors reflective of the host and cancer microenvironment and
potentially associated with the progression from gallstones to gallbladder cancer.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Detectability (69 analytes)

Hl Undetect (3)
<25% (7)

N 25%-50% (7)

>50% (52)

| el

Across-Plate CV (66 analytes)

. >25% (34)
<25% (32)

Figure 1.
Detectability, Within- and Across-Plate CVs, and ICC for Multiplex Analytes. The pie

charts represent each performance characteristic evaluated for all analytes tested, and the
figure legend for each pie chart presents the criteria and absolute number of analytes that
belong to the set criteria.
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Within-Plate CV (66 analytes)

. >25% (13)
<25% (53)

ICC (66 analytes)

. <0.8 (2)
>0.8 (64)

4‘
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B Excellent (22)
Good (18)

BN Fair (17)

Poor (12)

Figure 2.
Overall Performance Characteristics o f 69 Analytes. The pie chart represents the overall

performance characteristics evaluated for all analytes tested, and the figure legend defines
the classification given to each analyte. Excellent (detectability of samples =50%, within-
plate and across-plate CVs <25%, and ICC =0.8); Good (detectability of samples =25%,
within-plate and across-plate CVs <40%, and ICC =0.8); Fair (detectability of samples
>25%, within-plate and across-plate CVs <75%, and 1CC =0.8); and Poor (all remaining
analytes).
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Table 1

Characteristics of 18 gallstone patients utilized in reproducibility analysis.

Gender
Male
Female
Age,y
<55
55-65
=66

Type of Gallstones/patient
Cholesterol
Pigment
Mixed
Undetermined
Number of Gallstones/patient
1-3
4-8
>8
Size of Largest Gallstone
<10 mm
10-14 mm
215 mm
Undetermined
Smoking status
Never
Former

Current

N (%)

8 (44%)
10 (56%)

4 (22%)
6 (33%)
8 (44%)

5 (28%)
2 (11%)
9 (50%)
2 (11%)

7 (39%)
7 (39%)
4 (22%)

6 (33%)
6 (33%)
5(28%)

1(6%)

13 (72%)
1 (6%)
4 (22%)
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