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Abstract

Background—Degenerative joint disease (DJD) is highly prevalent in cats, and pain contributes
to morbidity. In humans, alterations of cytokine concentrations have been associated with joint
deterioration and pain. Similar changes have not been investigated in cats. Cytokine concentrations
can be measured using multiplex technology with small samples of serum or plasma, however,
serum and plasma are not interchangeable for most bioassays. Correlations for cytokine
concentrations between serum and plasma have not been evaluated in cats.

Objective—To evaluate the levels of detection and agreement between serum and plasma
samples in cats.

Animals—Paired serum and plasma samples obtained from 38 cats.

Methods—Blood was collected into anti-coagulant free and EDTA Vacutainer® tubes, serum or
plasma extracted, and samples frozen at —80°C until testing. Duplicate samples were tested using a
19-plex feline cytokine/chemokine magnetic bead panel.

Results—Agreement between serum and plasma for many analytes was high, however
correlation coefficients ranged from —0.01 to 0.97. Results from >50% of samples were below the
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lower limit of quantification for both serum and plasma for nine analytes, and for an additional
three analytes for plasma only.
Conclusions and clinical importance—While serum and plasma agreement was generally

good, detection was improved using serum samples.

Keywords
biomarker; immunoassay; feline

Introduction

Cytokines and chemokines are of great interest as biomarkers, and in veterinary medicine,
development and discovery of biomarkers for disease are areas of active research and with a
growing literature base. Many studies in human and veterinary medicine have begun to
explore and identify cytokines involved in a variety of disease processes, however
methodological issues and a lack of standardization have contributed to inconclusive or
contradictory findings. The advent of multiplex technologies that can measure a panel of
cytokines and chemokines in small volumes of biological samples has increased the ability
to screen for potential biomarkers and targets for further research, however concerns have
been raised about the ability to compare results from studies using differing assays and
media (Elshal and McCoy 2006; de Jager et al. 2009; Burska, Boissinot, and Ponchel 2014;
Keustermans et al. 2013).

Cytokines are proteins that are produced by a variety of cells, particularly the T-lymphocytes
and macrophages, and are integrally involved in inflammation and cell signaling. The vast
majority of cytokines are produced and consumed locally, acting in autocrine, paracrine, and
juxtacrine manners. This makes detection of cytokines in systemic circulation challenging,
and findings from the serum or plasma might not be reflective of local tissue activity.
Despite this, obtaining whole blood is more convenient than most other sampling modalities,
particularly in clinical cases, and offers a potential for screening large populations. In fact,
concentrations of several cytokines have been found to be altered in the serum and plasma of
patients during disease, including IL-6 in humans with rheumatoid arthritis (Burska,
Boissinot, and Ponchel 2014) and dogs with immune-mediated polyarthritis (Foster et al.
2014), and stromal cell-derived factor-1 in horses with osteochondral injury (Dymock et al.
2014). These reports pertain to serum or plasma samples, but the two sample types are not
necessarily interchangeable.

Several recent studies have investigated the relative difference in multiplex measurements of
cytokines between serum and plasma from humans, and have demonstrated a generally high
correlation, but have identified problems including matrix impedance and non-specific
background binding that is not completely eradicated by the use of manufacturer-provided
buffer solutions (Rosenberg-Hasson et al. 2014). In addition, the anti-coagulant used to
obtain plasma can affect the concentrations of certain cytokines (Thavasu et al. 1992).
Processing and sample handling post-blood draw can further complicate findings as time to
separation of serum or plasma, storage, and number of freeze-thaw cycles have all been
shown to affect cytokine concentrations (Keustermans et al. 2013; Flower et al. 2000;
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Thavasu et al. 1992). Even when these methodological issues are controlled by common
treatment of samples, the optimal medium could be cytokine specific (de Jager et al. 2009).
When using commercially available multiplex kits with a panel of cytokines, selection of
serum or plasma might depend on the relative benefits of one over the other, including
number of detectable samples, and the ability to observe a difference in a group with a
known disease as compared to a control group. While it has been noted that serum and
plasma are not interchangeable for multiplex assays in humans (Chaturvedi et al. 2011), to
our knowledge the comparison of multiplex-measured cytokine concentrations in serum
versus plasma have not been assessed in cats. Therefore, the objective of this study was to
compare the concentrations of 19 cytokines in matched serum and plasma samples from cats
using a commercially available multiplex magnetic bead assay and analysis software in
order to guide the selection of medium (serum or plasma) for future work.

Materials and Methods

Subjects

Matched serum and plasma samples were used from 38 cats that had been screened for one
of three clinical studies at the North Carolina State University College of Veterinary
Medicine (NCSU-CVM). All cats were examined under approval from the Institutional
Animal Care and Use Committee at NCSU.

Serum and plasma were collected from each cat during a single visit to the NCSU-CVM.
For serum samples, whole blood was collected into a 3mL anti-coagulant free plastic tube
(red top) and allowed to clot at room temperature for at least 30 but no more than 60
minutes. Clotted samples were centrifuged at 1163 x g for 10 minutes, and serum was
removed, aliquoted, and stored in cryovials at —80°C until use. For plasma samples, whole
blood was collected into a 2.7 mL plastic tube (lavender top) containing
ethylenediaminetetraacetic acid (EDTA) as an anticoagulant. The volume of blood added
was according to manufacturer recommendation to achieve a concentration of EDTA of
approximately 1.8 mg/mL of blood. Within 30-60 minutes of collection, samples were
centrifuged at 1163 x g for 10 minutes and plasma was similarly processed and stored. All
samples had a maximum of one freeze-thaw cycle prior to use; while multiple freeze-thaw
cycles can affect cytokine concentrations and should be avoided, one freeze-thaw has been
shown to have minimal effects on measured cytokine concentrations in previous studies
(Flower et al. 2000; Thavasu et al. 1992).

Feline-specific cytokine kits (19-plex)! were purchased and used according to the
manufacturer’s recommendations. Quality control samples were run on each plate, in
duplicate, and sets of serum and plasma (in duplicate) were run on the same plate (i.e. no
pairs of serum or plasma for an individual cat were run on different plates). Plates were
analyzed using a dedicated plate reader and software2,3.

1FCYTMAG-20K-PMX Feline Cytokine/Chemokine Magnetic Bead Panel Premixed 19-Plex; EMD Millipore, Billerica, MA USA
2MAGPIX; Luminex Corporation, Austin TX USA
3XPONENT v.4.2; Luminex Corporation, Austin TX, USA
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Results were analyzed using dedicated software3,4; bead count, standard curves, quality
control samples, and coefficients of variation (CVs) for each analyte were assessed. Quality
controls were compared with the range provided by the kit. As per manufacturer’s
recommendation and industry-accepted standards for multiplex assays, CVs less than or
equal to 20% were considered acceptable. In cases where CVs were >20%, no value for that
sample was recorded, and the number of samples for that analyte was therefore reduced.
Reported concentrations for each analyte and each sample (cat) represent the mean of the
duplicate samples.

For each sample type (serum and plasma), detection was reported as the number of results
that were in range, those below or above the limit of quantification (LOQ), and the number
of analytes that had >25% and >50% of the results below the lower LOQ (LLOQ).
Correlations between the serum and plasma results for each analyte were generated using
Pearson correlation coefficients for any analyte with =9 serum/plasma pairs in range (25% of
total pairs). To evaluate overall differences, a repeated measures model (ANOVA) was used
with fixed effects for analyte, sample type (serum or plasma) and plate (1 or 2), and a
random subject effect. To evaluate the effect of sample age, a repeated-measures model was
used with random effects for subject and plate, fixed effects of the analyte and age of sample
(in days), and a response variable of the ratio of serum:plasma. To evaluate the consistency
of results across cats, the ratio of serum:plasma results for each cat and each analyte was
tabulated. Where appropriate, a p-value of 0.05 was considered significant, and statistical
analysis performed using a standard statistical software program®.

Results and Discussion

Subjects

Matched serum and plasma were available for 38 cats that had been screened at the NCSU-
CVM. Cats were screened for participation in studies of normal cats as well as treatment
trials for degenerative joint disease. All samples were obtained during the period from 2007—
2014, and were taken prior to any treatments being given. Cats were between 1 and 19 years
of age (mean 11.5 years) and 2.08-8.46 kg (mean 4.9 kg).

Serum and plasma comparisons

All quality control results were within range with acceptable CVs. Results were removed for
low bead counts for 72 individual results (5.0%) across all the samples and cytokines
measured, however these were generally clustered within a sample, so these 72 wells
represented results from five cats. Overall, CVs and bead counts were generally within
acceptable range for all of the analytes measured, although 6.8% of the plasma samples and
6.1% of the serum samples were removed from the analysis due to either low bead counts or
high CVs. The majority of CVs were below 15%.

The number of results that were in range (above the LLOQ) for each analyte and each matrix
are shown in Tables 1 and 2. No results were above the upper LOQ. As shown in Table 1 and

AMILLIPLEX ANALYST v.5.1, EMD Millipore, Billerica, MA USA
SSAS v.9.4; Cary, NC USA
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described further in Table 2, many results were below the LLOQ for either serum, plasma, or
both. In general, there were more results above the LLOQ for serum than plasma, but this
was not true for all analytes, with 6/19 analytes having results above the LLOQ for plasma
but not serum. Correlations between serum and plasma were calculated for 11 analytes with
9 or more pairs of results, and are shown in Table 3. Correlation coefficients were generally
positive; six of 11 analytes (55%) had correlation coefficients >0.9, however correlation
coefficients were below 0.9 for five of the 11 analytes (45%). The ratio of serum:plasma
results for each analyte and each cat are shown in Figure 1. The ratios show the tendency for
serum to be higher than plasma, but this varied by analyte and by cat within an analyte.

Results of the repeated measures model evaluating sample type showed no significant
difference between plasma and serum (p=0.620). There was no significant sample type
(plasma or serum) by analyte interaction; serum values were generally higher than plasma,
regardless of the analyte being considered (Figure 1). There was also no significant effect of
sample age on the ratio of serum:plasma (p=0.510).

The objective of this pilot study was to compare serum and plasma cytokine concentrations
in matched samples from cats using a feline specific multiplex assay. Results indicated that
the correlation between serum and plasma was generally positive, and was high for over half
of the analytes with a reasonable number of pairs for comparison (set at 25% of total sample
pairs). However, correlations for 45% of the analytes considered were below 0.9, and ranged
from —0.01 (negligible) to 0.89. Both detection and overall values were higher in the serum
samples than in the plasma samples, though the effect was not significant overall or for
analyte by sample interaction. In the serum samples, results were undetectable (below the
lower limit of quantification) in 75% of the samples for five analytes, while this was true for
eight analytes in the plasma samples. Discussion with the manufacturer of the plates
revealed that median values obtained during our study were comparable to those obtained
during development of the assay (for serum; Terry Whitehead [application scientist],
personal communication), and is similar to findings in humans in the absence of disease (de
Jager et al. 2009; Chaturvedi et al. 2011). Higher detection and higher concentrations of
cytokines in serum over plasma have also been shown in other studies in humans (de Jager et
al. 2009; Rosenberg-Hasson et al. 2014; Tvedt et al. 2015), though occasionally the opposite
has been reported (Wong et al. 2008). Plasma is the fluid fraction of the blood and contains
clotting factors and fibrinogen; these components are absent from serum, as they are
consumed during clot formation. In the process of clot formation, however, leukocytes and
platelets can be activated, leading to cytokine release, and potentially falsely elevating
concentrations of some cytokines in serum over plasma. This has been shown for certain
cytokines, including IL-1 and IL-8, but can be minimized by standardized and rapid
processing of samples following clot formation (Skogstrand et al. 2008). Prompt processing
is critical for accurate measurement in plasma samples, too, as important effects of time to
processing and storage have been demonstrated with both increased and decreased
concentrations of several cytokines as samples age (Jackman et al. 2011).

The higher levels of detection in serum over plasma, and relative greater ease in obtaining
serum suggest that serum would be the most suitable medium for future, large scale
screening studies in cats. However, a recent study by Rosenberg-Hasson et al. (Rosenberg-
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Hasson et al. 2014) found that while detection was improved in serum over plasma, the
sensitivity of plasma to changes in measured cytokine concentrations in multiple myeloma
patients compared to non-affected patients was superior to serum. They suggest that greater
background non-specific binding in serum samples masks small changes in cytokine
concentrations that are better detected using plasma, and that ‘higher” is not necessarily
better. In contrast, Dymock et al. (Dymock et al. 2014) concluded that stromal cell-derived
factor 1 measured in serum was more sensitive than plasma or synovial fluid in
distinguishing horses with osteochondral injury from uninjured horses. In the current study,
the objective was to compare the values obtained from serum and plasma in cats, however
future work should evaluate the relative sensitivity of serum and plasma to detect changes in
cytokine concentrations in disease in a larger sample of cats.

In this study, evaluation of the ratio of serum to plasma for individual cats and analytes
showed that the relationship between the values for serum and plasma were not consistent
across analytes or across individual cats, suggesting that a simple correction factor would
not be appropriate for comparing serum and plasma values for cytokines. For example, for
RANTES, the one analyte where the ratios were in the same direction for all cats
(serum:plasma ratio greater than 1), the ratios ranged from close to one to over six.

It is clear that sample handling and storage can affect measured concentrations of cytokines,
and this has been rigorously evaluated in studies using spiked samples and various blood
collection tubes and anticoagulants, and differing freeze-thaw cycles (see Zhou (Zhou et al.
2010) and Keustermans (Keustermans et al. 2013) for reviews). Other handling concerns
include timing of blood draw, as several cytokines show circadian patterns with predictable
peaks (Petrovsky, McNair, and Harrison 1998; Altara et al. 2015). This is generally related
to the concentration of plasma cortisol, which follows a circadian pattern in dogs (Palazzolo
and Quadri 1987) and humans (Petrovsky, McNair, and Harrison 1998). While this is a
potential concern, in cats it does not appear that cortisol follows the same circadian pattern,
showing instead an episodic release, making effects on measured cytokine concentrations
difficult to predict (Leyva, Addiego, and Stabenfeldt 1984; Kemppainen and Peterson 1996).
For this study, samples were generally obtained in the morning, and the serum and plasma
obtained during the same blood draw. However, effects of the timing of sampling should be
evaluated in future work with cats. Other factors shown to affect measured cytokine
concentrations, including feeding (Payette et al. 2009), were not controlled for in this study,
but are unlikely to differentially affect serum versus plasma. A further limitation of the
current study is the different ages of the samples used. Storage over time, even at —80°C has
been shown to decrease measured concentrations of cytokines (de Jager et al. 2009), but it is
unknown if the level of degradation is different for serum versus plasma. In this study, the
differences between serum and plasma results were not different for samples of varying
ages, but it is not known what the concentrations were at the time the samples were taken.

In summary, this study found that while results from matched serum and plasma samples in
cats were positively correlated, both detection (readings above the LLOQ) and measured
values were higher in the serum samples. The ratio of serum:plasma results was not
consistent across analytes or cats, thus a correction factor could not be applied to make
serum and plasma samples comparable, which supports the recommendation to select one or
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the other medium when running multiplex assays. While these findings are not necessarily
unexpected, they do represent the first report of a comparison of serum and plasma
concentrations of cytokines in samples from cats. Future work should evaluate the effects of
storage on relative values for serum and plasma compared to values obtained when running
fresh samples, as well as evaluate whether relative changes in cytokine concentrations are
more sensitively detected in serum or plasma. This study focused on samples obtained
through clinical practice, but future work to verify these findings using pooled samples of
serum and plasma, and known (spiked) concentrations of cytokines.
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Figure 1.

FAS | FLT3 GM-CSF IFN-y IL-1B  IL-2 PDGF-BB IL-12 IL-13  I4 16 I8 CXCL-1 SDF-1 RANTES SCF MCP-1 TNFa IL-18
1.00 093 1.08 0.82
0.92 0.94 089 111 3045 132 156 091 119
082 088 070 0.83 085 087 070 084 259 079 074 0.84
140 184 147 124 147 118 143 153 141 1473 127 152 147 132 158 144
125 184 124 130 073 204 133 002 0.99
168 229 196 204 0.77
1.05 123 1.08 150 106 145 171 094
116 119 1.00 104 102 113 119 9228 164 113 001 1.05
150 131 139 170 0.83
120 152 137 126 112 103 124 165 120 222 127 119 148
143 163 132 183 193 128 168 119 1.06
103 106 104 097 114 114 100 102 105 124 106 100 111 092
0.58 051 101 1.01 0.82 0.95
115 119 138
161 0.95 153 163 164
2.99 357
3.67 3.27 4.38
092 099 097 086 077 065 084 079 114
137 011 005
234 188 256 125 222 049 243 259 235 0.02
162 155 2.16 169.48 191
148 157 161 224 207
195 174 080 183 542 190 078 0.85
125 133 001 106 114 384 131 294 115 125 219 092
8.83 6.67 2.16
144 129 150 145 1.40 165
164 137 325 178 075 113
141 130 114 132 119 335 145 105 091
268 264 285 651 346 001 166
189 160 165 258 142 151 139 060 282 182 28067 179 217 0.02
144 144 155 147 225 151 113
137 120 123 131
177 150 240 244 148 1.03
144 171 133 162 144 134 113 0.80
1.02 122 112 091 121 111 108 123 100 108 125 107 119 102
1.60 1.48 0.81 0.96
123 142 022 45025 149 121 121
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Serum: plasma ratios for each cytokine analyte and each cat. Ratios below 1.0 are in yellow,
between 1.0 and 2.0 are in green, and above 2.0 are in pink. This figure shows the variability

in ratios between analytes and between individuals for any single analyte.
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Analytes with less than 50% and less than 25% of samples within range (above the lower LOQ) for serum and

plasma.

<25% Serum (<9)

<25% Plasma

<50% Serum (<19)

<50% Plasma

FAS FAS FAS FAS
GM-CSF GM-CSF GM-CSF GM-CSF
IL-18 IL-1p IFN-y IFN-y
IL-2 IL-2 IL-1B IL-13
PDGF-BB IL-8 IL-2 IL-18
CXCL-1 IL-6 IL-2
PDGF-BB CXCL-1 IL-4
TNF-a PDGF-BB IL-6
TNF-a IL-8
CXCL-1
PDGF-BB
TNF-a
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Correlations between serum and plasma results for each analyte with 9 or more pairs of results.

Analyte N | Pearson’s Correlation | P-value
FLT 3L 35 0.945 <0.001
IFN-y 9 0.893 0.001
IL-12p40 | 35 0.724 <0.001

IL-13 17 0.990 <0.001
IL-18 28 0.561 0.002
IL-4 17 0.931 <0.001
IL-6 9 0.948 <0.001
MCP-1 22 0.416 0.054
RANTES | 30 0.973 <0.001
SCF 26 0.954 <0.001
SDF-1 21 -0.010 0.966
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