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Abstract

Background—Biomarkers such as cytokines, chemokines, and soluble activation markers can be
unstable when processing of blood is delayed. The stability of various biomarkers in serum and
plasma was investigated when unprocessed blood samples were stored for up to 24 h at room and
refrigerator temperature.

Methods—Blood was collected from 16 healthy volunteers. Unprocessed serum, EDTA and
heparinized blood was stored at room (20-25 °C) and refrigerator temperature (4-8 °C) for 0.5, 2,
4, 6, 8, and 24 h after collection before centrifugation and separation of serum and plasma.
Samples were batch tested for various biomarkers using commercially available immunoassays.
Statistically significant changes were determined using the generalized estimating equation.

Results—IFN-v, sIL-2Ra, sSTNF-RII and ,-microglobulin were stable in unprocessed serum,
EDTA and heparinized blood samples stored at either room or refrigerator temperature for up to 24
h. IL-6, TNF-a, MIP-18 and RANTES were unstable in heparinized blood at room temperature;
TNF-a, and MIP-1p were unstable in unprocessed serum at room temperature; IL-12 was unstable
in unprocessed serum at refrigerator temperature; and neopterin was unstable in unprocessed
EDTA blood at room temperature. IL-1ra was stable only in unprocessed serum at room
temperature.

Conclusion—All the biomarkers studied, with the exception of IL-1ra, were stable in
unprocessed EDTA blood stored at refrigerator temperature for 24 h. This indicates that blood for
these biomarkers should be collected in EDTA and if delays in processing are anticipated the
unseparated blood should be stored at refrigerator temperature until processing.

"Corresponding author at: Department of Epidemiology, Fielding School of Public Health at UCLA, 650 Charles E. Young Dr. South,
Los Angeles, CA 90095-1772, United States. naziz@mednet.ucla.edu (N. Aziz).

Conflict of Interest
The authors declared no conflict of interest.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Azizetal. Page 2

Keywords

Biomarker; Stability; Chemokines; Cytokines; Soluble activation marker; Significant relative
change

1. Introduction

Cytokines and chemokines are low molecular weight glycoprotein molecules produced by
both immune and non-immune cells that can interact with each other and elicit biological
activity at extremely low concentrations. Both a physiological or pathological stimulus can
result in the increased production and release of these biomarkers into the circulation.
Following release, cytokines and chemokines have relatively short half-lives [1].

Variation in the levels of cytokines, chemokines, cytokine/chemokine receptors, and soluble
activation markers in various biological fluids are now recognized as a potential and useful
tool for evaluating ongoing clinical disorders [2,3]. They can provide valuable information
regarding the diagnosis, stage, and prognosis of various diseases. Unfortunately, a number of
pre-analytical factors have been shown to influence the validity and quality of cytokine,
chemokine, and activation marker measurements [4-7].

Blood levels of cytokines and chemokines can be altered by patient behaviors such as stress-
induced psychological or physiological responses, fasting, drugs, diurnal rhythms, physical
activity, blood collection techniques, handling, processing, and the storage conditions of
unprocessed blood samples [8-13]. Potential problems can be avoided by paying careful
attention to pre-analytical, analytical, and post-analytical variables while applying
appropriate quality control procedures. Published studies have suggested that the use of
various anticoagulants, endotoxin tube contamination, and delays in blood processing
(centrifugation) can have a major impact on serum and plasma concentrations of various
biomarkers, and can result in falsely increased or decreased biomarker concentration
measurements [14-18].

Manual or semi-automated enzyme immunoassays (EIA) and multiplex assays are widely
available to measure cytokines, chemokines, and activation markers, although there are
known complexities of the various methodologies. Abundant circulating blood proteins such
as a-2 macroglobulin, auto-antibodies, as well as assay matrices, cross-reaction of multiple
antibodies used in the multiplex format, and lack of assay standardization can greatly impact
the reliability and reproducibility of these assays. There are also additional limitations with
measurements of those cytokines at the lower limit of detection of the assay [19-22].

In most situations it is not be possible to transport blood samples from remote collection
sites to the testing area quickly so blood samples can remain unprocessed for extended
periods of time. Based on our assumption, unprocessed blood tubes should be stable for
measurement of cytokines and chemokines for up to 24 h as long as blood is drawn into
pyrogen-free Vacutainer tubes. This study was undertaken to identify the maximum time
delay and ideal handling and storage conditions before processing and separation of serum
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and plasma in order to obtain reliable concentrations of several important blood
immunological biomarkers.

2. Materials and methods

2.1. Specimens

Eleven 10 mL samples of blood were collected from 16 healthy volunteers into either 10 mL
glass serum separator tubes (6 donors), 10 mL glass tubes containing EDTA (5 donors), or
10 mL glass tubes containing sodium heparin (5 donors) to obtain either serum or plasma
(Becton Dickinson Vacutainer tubes, Franklin Lakes, NJ). One tube of blood from each
volunteer was centrifuged within 0.5 h after collection (500 x g for 10 min) and the
separated serum and plasma was frozen at =70 °C. The remaining tubes of blood were stored
at room temperature (20-25 °C) or in the refrigerator (4-8 °C) for 2, 4, 6, 8, and 24 h (1 tube
of blood per time point at each temperature) before centrifugation (500 x g for 10 min) and
isolation of serum, EDTA plasma and heparinized plasma. All separated serum and plasma
samples were stored at —70 °C until analysis. The study was approved by the institutional
review board for human studies at UCLA and the blood samples were obtained from each
individual after informed consent.

2.2. Quantification of biomarkers

All serum and plasma samples were tested in duplicate and the acceptable variability for our
laboratory between replicates was required to be <15% [23]. Samples with replicate
measurements differing by >15% were retested. The immunoassays that were used and the
performance characteristics of each immunoassay were as follows:

2.2.1. Interleukin-6 (IL-6) concentrations were measured using a high sensitive
sandwich enzyme immunoassay from R&D Systems (Minneapolis, MN, USA)
—The lower limit of detection was 0.025 pg/mL and the intra-assay coefficient of variation
(CV) was determined to be 2.5% and 3.3% for control samples at mean concentrations of
1.176 pg/mL (n=10), and 2.101 pg/mL (7= 10), respectively.

2.2.2. Interleukin 12 (IL-12) concentrations were measured using a sandwich
enzyme immunoassay from Pierce Biotechnology (Rockford, IL, USA)—The
lower limit of detection was 2.70 pg/mL and the intra-assay CV was determined to be 6.0%,
6.6%, and 2.8% for control samples with mean concentrations of 5.8 pg/mL (7= 10), 86.8
pg/mL (n=10), and 146.0 pg/mL, (n7= 10) respectively.

2.2.3. Interferon gamma (IFN-y) concentrations were measured using a
sandwich enzyme immunoassay from Beckman Coulter (Brea, CA, USA)—The
lower limit of detection was 10 U/L and the intra-assay CV was determined to be 16.5%,
6.4%, and 11.1% for control samples with mean concentrations of 4.7 U/L (n= 10), 249.7
U/L (n=10), and 3665.0 U/L (7= 10) respectively.

2.2.4. Tumor Necrosis Factor alpha (TNF-a) concentrations were measured
using a solid phase enzyme amplified sensitivity immunoassay from
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BioSource Europe SA (Nivelles, Belgium)—The test is based on the use of multiple
monoclonal antibodies directed against distinct epitopes on the TNF-a molecule. The lower
limit of detection was 3.0 pg/mL and the intra-assay CV was determined to be 8.1% and
5.5% for control samples with mean concentrations of 8.39 pg/mL (/7= 10) and 37.8 pg/mL
(n = 10) respectively.

2.2.5. Macrophage inflammatory protein-1p (MIP-1B) concentrations were
measured using a sandwich enzyme immunoassay from R&D Systems—The
lower limit of detection was 9.0 pg/mL and the intra-assay CV was determined to be 14.2%
and 3.4% for control samples with mean concentrations of 57.3 pg/mL (7= 12) and 279.0
pg/mL (= 12) respectively.

2.2.6. Regulated upon Activation Normal T cell Expressed and Secreted
(RANTES) or CCL5 concentrations were measured using a sandwich enzyme
immunoassay from R&D Systems—The lower limit of detection was 7.8 pg/mL and
the intra-assay CV was determined to be 9.7% and 5.8% for control samples with mean
concentrations of 25.3 pg/mL (n=12) and 34.5 pg/mL (1= 12) respectively.

2.2.7. Interleukin-1 receptor antagonist (IL-1ra) concentrations were measured
using a sandwich enzyme immunoassay technique from R&D Systems—The
lower limit of detection was 22.0 pg/mL and the intra-assay CV was determined to be 20%
and 11% for control samples with mean concentrations of 143.0 pg/mL (#= 11) and 668.0
pg/mL (nn=15) respectively.

2.2.8. Interleukin-2 receptor alpha (IL-2Ra) concentrations were measured
using a sandwich enzyme immunoassay from R&D Systems—The lower limit of
detection was 6.0 pg/mL and the intra-assay CV was determined to be 2.6% and 3.3% for
control samples with mean concentrations of 681.0 pg/mL (7= 10) and 1955.0 pg/mL (n=
10) respectively.

2.2.9. Soluble Tumor Necrosis Factor receptor Il (STNF-RII) concentrations
were measured using a sandwich enzyme immunoassay from R&D Systems—
The lower limit of detection was 3.0 pg/mL and the intra-assay CV was determined to be
3.5% and 4.0% for control samples with mean concentrations of 2.69 ng/mL (= 10) and
6.97 ng/mL (/7= 10) respectively.

2.2.10. po-Microglobulin (Bo,M) concentrations were measured by a
microparticle enzyme immunoassay using the Abbott IMx autoanalyzer
(Abbott Laboratories, Abbott Park, IL)—The lower limit of detection was 3.0 pg/L and
the intra-assay CV was 4.6% and 2.4% for control samples with mean concentrations of 0.69
mg/L (n=10) and 2.62 mg/L (n7= 10) respectively.

2.2.11. Neopterin (NPT) concentrations were measured using a competitive
enzyme immunoassay from BRAHMS (Berlin, Germany)—The lower limit of
detection was 1 nmol/L and the intra-assay CV was 4.1% and 6.6% for control samples with
mean concentrations of 7.93 nmol/L (n=12) and 23.8 nmol/L (7= 12) respectively.
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2.3. Statistical analysis

3. Results

A four-parameter curve-fitting program (Bio-Rad Laboratories, Irvine, CA) was used for
generation of calibration curves and calculation of biomarker concentrations. Sigma Plot
software (Jandel Scientific, San Rafael, CA, USA) was used to generate figures and Stata
statistical software (1StataCorp, College Station, TX, USA) packages were used for
descriptive statistics. The rate of change in biomarker concentrations over 24 h was
evaluated using the generalized estimating equation (SAS Institute Inc, Cary, NC).

The dependent variable was measured blood biomarker concentrations and was modeled as a
linear function based on the delay in centrifugation in hours. Since EDTA plasma levels of
IL-1ra at room temperature exhibited a significant difference in the rate of increase after 8 h,
a linear spline with a knot at 8 h was used for the rate of change and was calculated as
follows: If time was <8 h then the concentration = intercept + (coefficient 1) x (time). If time
was >8 h) then the concentration = intercept + (coefficient 1) x (time) + (coefficient 2) x
(time — 8). Coefficients are the rate of change in concentration with time being measured in
hours. To account for the correlation between repeated measures in a given subject,
generalized estimating equations with a first-order autoregressive covariance pattern were
specified to reduce the number of parameters in the model. A p value <0.05 was considered
to be statistically significant. In addition to a p value of <0.05, the predicted concentration
change per hour was required to be at least 10% or more in order to be considered
significant to account for measurement uncertainty of the immunoassays.

3.1. General observations

The stability of cytokines, chemokines, and soluble activation markers was evaluated when
unprocessed blood was stored at room temperature (20-25 °C) and in the refrigerator (4—

8 °C) for up to 24 h before centrifugation and isolation of serum, EDTA plasma, and
heparinized plasma. The concentrations of IL-6, IL-12, IFN-y, TNF-a, MIP-13, RANTES,
IL-1ra, sIL-2Ra, STNF-RII, B, microglobulin, and neopterin were measured using
commercially available immunoassays. Intercepts (mean baseline concentrations),
coefficients (predicted changes in the measured concentration per hour), SE (standard errors
associated with the coefficients), and p values (p > |z|) for each of the cytokines,
chemokines, and soluble activation markers are presented in Tables 1-3, based on whether
the blood samples were kept at room temperature (20— 25 °C) or in the refrigerator (4-8 °C).

3.2. Cytokines

When cytokines were evaluated there were statistically significant changes in the
concentrations of I1L-6, IL-12, TNF-a, and IL-1ra after 24 h compared to the baseline
concentrations. The concentration of IL-6 increased 30% per hour in unseparated
heparinized plasma stored at room temperature whereas serum concentrations of IL-12
decreased 10% at refrigerator temperature (Table 1). Serum concentrations of TNF-a
increased 10% and heparinized plasma samples increased 26% when stored at room
temperature (Table 1). Changes in IL-6, IL-12 and TNF-a concentrations over time for
individual blood samples are presented in Fig. 1. IL-1ra appeared to be the least stable
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cytokine and increased significantly when EDTA plasma (1071% increase) and heparinized
plasma (61% increase) was stored at room temperature, and when serum (20% increase),
EDTA plasma (101% increase) and heparinized plasma (38% increase) was stored in the
refrigerator (Table 2 and Fig. 2).

3.3. Chemokines

When chemokines were examined serum MIP-1p and heparinized plasma increased 27%
and 193%, respectively, when stored at room temperature (Table 2, Fig. 3a and b). RANTES
also increased by 69% when heparinized plasma was stored at room temperature (Table 2,
Fig. 3c).

3.4. Activation markers

For soluble activation markers, neopterin increased 28% when EDTA plasma was stored at
room temperature (Table 3 and Fig. 3d). Although changes in STNF-RII were statistically
significant based on the p value of 0.032, a 5% change per hour failed to exceed the
established threshold change of 10%, so this marker was considered to be stable.

4. Discussion

The goal of this study was to determine if significant changes in cytokines, chemokines and
soluble activation markers occurs when unprocessed blood samples are stored at room
temperature and refrigerator temperature for periods of time up to 24 h. The study was
designed to mimic common delays in sample processing that often occur when blood
samples are collected at remote sites and need to be transported to a central laboratory for
processing and testing. Our data indicate that IFN-v, sIL-2Ra, STNF-RII, and B,-
microglobulin are stable biomarkers when unprocessed serum, EDTA plasma and
heparinized plasma blood samples are stored at either room or refrigerator temperatures for
up to 24 h prior to separation and isolation of serum or plasma. IL-1ra was the least stable
biomarker and was only stable for 24 h when unseparated blood containing no anticoagulant
(serum) was stored at room temperature. If IL-1ra is excluded, our data indicates that EDTA
blood is the optimal specimen type since all the other 10 biomarkers were stable when
unprocessed blood was stored at refrigerator temperature. In addition, 9 out of the 10
biomarkers (only neopterin was significantly increased) were stable when EDTA blood was
stored at room temperature.

It has previously been demonstrated that prolonged contact of serum and plasma with
cellular elements and clotting factors can alter the concentration of many routinely ordered
chemistry tests [23-29]. We found that when unprocessed blood samples were stored for up
to 24 h the concentrations of IL-6, TNF-a, IL-1ra, MIP-1f3, RANTES and neopterin
increased in a time-dependent fashion based on the storage condition. The only biomarker
that decreased was I1L-12, and only when unprocessed serum and not plasma was stored in
the refrigerator. Activation of monocytes during the clotting process might account for the
increases in TNF-a that were observed when unprocessed serum was stored at room
temperature. The longer blood samples remain unprocessed, the more likely that certain
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biomarkers such as IL-6 and TNF-a will increase, and this increase will be more dramatic
when the collection tubes contain trace amounts of endotoxin [17,30].

There are only a limited number of studies that have examined the stability of cytokines,
chemokines and soluble activation markers in unprocessed blood samples stored under
different conditions. Skogstrand et al. examined the stability of serum samples that were left
unprocessed for 4, 24 and 48 h at room temperature and found that IL-12, TNF-a, MIP-1p,
and RANTES were not stable when stored at ambient temperature for 4 h [31]. These
findings are in agreement with ours, except that we found RANTES to be stable in
unprocessed serum samples for up to 24 h. This group also found that IFN-y, TNF-q,
MIP-13 and RANTES were not stable in unprocessed EDTA plasma stored at ambient
temperature for 4 h [31], which differs from our results since we found these biomarkers to
be stable in EDTA plasma up to 24 h. Although this group did not examine heparinized
plasma, we found that TNFa, MIP-1f and RANTES were not stable in unprocessed
heparinized blood stored at ambient temperature.

A more recent study obtained similar results to ours and found that IL-6, TNF-a, MIP-18
and sIL-2Ra were stable whereas IL-1ra dramatically increased when unprocessed EDTA
blood was stored at ambient temperature for 3 days and tested daily [32]. This study also
observed a 17% decrease in IL-12 p40 but no change in IL-12 p70 concentrations when
unprocessed EDTA blood was stored at ambient temperature [32]. In contrast, we found that
total IL-12 concentrations (includes both the p40 and p70 forms of 1L-12) were stable in
unprocessed EDTA blood stored at ambient temperature for 24 h, but the instability of IL-12
p40 could have been masked by the contribution of IL-12 p70 to the total concentration.

In an earlier study, IL-6 was found to decrease 14.3% and TNF-a increased 9.6% when
unprocessed EDTA blood samples were stored at ambient temperature for 4 h [15]. In
contrast, another investigator found that these two biomarkers were stable in unprocessed
EDTA plasma samples stored at 4 °C and ambient temperature for 4 and 24 h [33], which is
consistent with our findings. Another group observed changes in IL-6 and TNF-a when
unprocessed EDTA blood samples were stored at ambient temperatures, however, blood
samples were fortified with cytokines and this approach may not reflect actual changes that
occur for endogenous cytokines [16]. Similar to our findings, De Jongh et al. found that IL-6
and sIL-2R were stable in unseparated serum and EDTA plasma stored at 4 °C for 8 and 24
h [14].

IL-1ra was shown to be the most unstable biomarker regardless of the specimen type when
unprocessed blood samples were stored at either room temperature or at refrigerator
temperature. Studies have shown that monocytes, macrophages, leukemia monocytic cell
lines, neutrophils and other cells can produce IL-1ra and that IL-1ra plays a
proinflammatory role in various diseases [34]. Neutrophils can produce significant quantities
of IL-1ra and monocytes have been estimated to produce 20 times more IL-1ra than
neutrophils [35]. The increases in IL-1ra concentrations that we observed within 24 h might
be due to the activation of monocytes and neutrophils in unprocessed EDTA and heparinized
blood samples. Based on the increases for the various specimen types that were observed it
appears that serum might be the most suitable specimen type when testing for IL-1ra.
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Furthermore, the collected blood should be stored at room temperature if delays in
processing are anticipated.

Novel aspects of our study include the use of multiple sample types (serum, EDTA and
heparinized plasma), representative biomarkers from multiple classes of immune mediators
(cytokines, chemokine, cytokine/chemokine receptors, and soluble activation markers), and
6 time points within a 24 h period for a precise determination of biomarker stability in
unprocessed blood samples. Only a few studies have investigated the stability of a large
number of biomarkers in unprocessed blood samples, and only 4 and/or 24 h after blood
collection [31-33]. The multiple time points that we examined between 0 and 24 h and the
modeling of our data to reflect biomarker changes per hour, most likely contribute to
differences between our results and other studies.

A limitation of our study was that all three types of blood (serum, EDTA plasma,
heparinized plasma) were not collected from the same donors so the study used different
donors to evaluate different types of blood samples. Unfortunately, the large blood volume
that was required to evaluate all three types of blood given the study design prohibited us
from using a single donor for this purpose. This raises the possibility that potential
differences in biomarker stability could be influenced by donor variability. However, each
specimen type was collected from either 5 or 6 donors, which should minimize the impact of
this possibility on our study results.

In conclusion, for quantification of cytokines, chemokines and soluble activation markers in
blood, the blood samples should be centrifuged as rapidly as possible after collection and the
serum or plasma should be separated and stored at refrigerator temperature until testing. If a
delay in processing is expected then the unprocessed blood should be stored at refrigerator
temperature. Our results indicate that EDTA blood is the specimen of choice since all of the
biomarkers that were examined were stable in unprocessed EDTA blood stored in the
refrigerator. This finding is consistent with a guideline document indicating that blood
samples should be collected in EDTA and stored at refrigerator temperature [33]. An
exception is IL-1ra, which appears to be stable at ambient temperature in unprocessed serum
samples. If batch testing of blood samples will occur at a later time, then the separated
plasma and serum should be stored at =70 °C until analysis.
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Cytokines that were significantly altered (p < 0.05) when unprocessed blood was stored at
either room or refrigerator temperature for 24 h. Unprocessed heparin plasma stored at room
temperature (a); unprocessed serum stored in the refrigerator (b); unprocessed serum stored
at room temperature (c); and unprocessed haparin plasma stored at room temperature (d).
Dashed lines represent data for each individual subject and the solid line represents the

predicated average change for all subjects.
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Increases in IL-1ra that occur over time when unprocessed EDTA and heparin blood was

stored at either room or refrigerator temperature for 24 h. Unprocessed serum stored in
refrigerator (2); unprocessed EDTA plasma stored at room temperature (b); unprocessed
EDTA plasma stored in the refrigerator (c); and unprocessed heparin plasma stored at room
temperature (d); dashed lines represent data for each individual subject and solid line
represents the predicted average change for all subjects.
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Chemokines and soluble activation markers that were significantly altered (p < 0.05) when
unprocessed blood was stored at room temperature for 24 h. Unprocessed serum (a);
unprocessed heparin plasma (b); unprocessed heparin plasma (c); and unprocessed EDTA
plasma (d); dashed lines represent data for each individual subject and the solid line
represents the predicated average change for all subjecs.
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