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Abstract
Background

Cytokine networks in cerebrospinal �uid (CSF) are important to our understanding of several
neuroin�ammatory diseases. Knowledge about optimal handling of samples is limited but important to
minimize bias and reduce costs in CSF biomarker studies. The aim of this study was to examine the
effect of storage temperature and time delay from CSF sample collection until freezing on the
concentration levels of 11 different cytokines thought to be associated with chronic pain.

Methods

CSF samples from 21 individuals undergoing hip or knee arthroplasty under spinal anesthesia were
divided between two tubes. One tube was stored and centrifuged (within 30 minutes) at room
temperature, and one tube was stored in ice water and centrifuged (within 30 minutes) at 4˚C. Each tube
was split into six vials that were frozen at -80 ˚C, 0.5, 1, 2, 3, 4, or 5 hours after collection. Cytokines were
analyzed using a multiplex panel.  A random effect panel data regression was conducted for each
biomarker including the variables of storage temperature until freezing and time delay.

Results

Four cytokines had detectable levels: Fractalkine, monocyte chemoattractant protein 1(MCP-1),
interleukine 6 (IL-6), and interleukine 8 (IL-8). There was no signi�cant effect of storage temperature and
time delay on MCP-1, IL-6, or IL-8 levels. Fractalkine levels showed no clear trend. No concentration
differences were observed between samples kept in ice water and those at room temperature except at
the 3-hour time point, and there was no overall signi�cant effect of time delay on fractalkine
concentration.

Conclusions

We found no clear effect of storage temperature and time delay up to �ve hours from sample collection
until freezing on the CSF concentrations of fractalkine, MCP-1, IL-6, or IL-8.

Trial registration

Not applicable as the study was not an intervention study.

Background
Studies of cytokine networks in cerebrospinal �uid (CSF) are important to our understanding of a number
of neuroin�ammatory diseases such as multiple sclerosis and encephalitides and also possibly of
proteopathies and chronic pain conditions where an increasing number of studies indicate neuroimmune
pathology (1-5).
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Correct and standardized handling of samples is important to minimize bias and to allow comparison
between studies on cytokine biomarkers in the CSF, especially when samples are collected at different
centers and settings. While the importance of some confounding factors such as blood contamination,
long term storage temperature, repeated freezing, and thawing cycles are well known, we have limited
knowledge about other confounders such as time delay and optimal storage temperature from sample
collection to spinning and freezing (6-9).

While several studies have demonstrated that both time delay and storage temperature from withdrawal
to spinning of blood samples can affect the stability of several cytokines, less is known about the
stability of cytokines in CSF samples (6, 10, 11). Studies conducted at the level of the CSF proteome have
shown varying results. Although the human MALDI-TOF proteome and gas chromatography proteome
demonstrated stability at room temperature for up to 5 hours (12-15), the human SELDI-TOF proteome
was shown to have signi�cant changes in its peptide pro�le after 4 hours at room temperature and 6-8
hours at 4˚C (16). In a study of porcine CSF, signi�cant changes in MALDI-FT-ICR proteome and
metabolites were reported between 30 and 120 min after collection in samples that had not been
centrifuged (17). This has led to the current recommendations for biobanking of CSF to keep the samples
at room temperature until spinning and immediate freezing and to minimize the time delay to
centrifuging and freezing to 30-60 minutes (maximum 2 hours) after sample collection (7).

The aim of this study was to examine the effect of time delay and storage temperature from sample
collection to freezing on the CSF concentration of 11 cytokines that have been associated with chronic
pain. We hypothesized that time delay would affect the concentrations of several of the biomarkers and
that early freezing would reduce any concentration changes induced by the time delay.

Materials And Methods
Participants and design

Participants were included from a larger study, the Odense PAin Research Biobank (OPAR biobank)(18).
Eligible participants from the OPAR study were patients with chronic pain due to osteoarthritis who were
scheduled for primary total hip arthroplasty or knee arthroplasty under spinal anesthesia at the
Department of Orthopedic Surgery and Anesthesia, Lillebaelt Hospital, Denmark. Only patients who were
scheduled as the �rst patient on the day’s operation list were included.

The Regional Ethics Committee (S-20180003) and the Danish Data Protection Agency (17/3391)
approved this prospective cohort study, and written informed consent was obtained from all participants.

Sample collection and preparation

Lumbar puncture was performed after departmental standards. CSF was collected during the induction of
spinal anesthesia, just before injection of local anesthetic. After collection of CSF for OPAR, additional 5
ml CSF was collected in a tube and immediately divided into two tubes of 2.5 ml each. One tube was
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placed in ice water and the other tube was kept at room temperature. The samples were immediately
transported to the lab where they were centrifuged 30 minutes after withdrawal at 2000 g for 10 min.

The samples stored in ice water were centrifuged at 4˚C and divided into six vials of 400 μl. The division
took place on ice blocks. The vials were stored in ice water for 0.5, 1, 2, 3, 4, or 5 hours after collection,
after which they were frozen at -80˚ C until analysis. The samples stored at room temperature were
centrifuged at room temperature and likewise stored for 0.5, 1, 2, 3, 4, or 5 hours after collection before
being frozen at -80˚ C until analysis.

Sample analysis

The following cytokines were analyzed: interleukin 1β (IL-1β), interleukin 4 (IL-4), interleukin 6 (IL-6),
interleukin 8 (IL-8), interleukin 10 (IL-10), interleukin 18 (IL-18), fractalkine (CX3CL1), brain-derived
neurotrophic factor (BDNF), high mobility group protein box 1 (HMGB1), tumor necrosis factor (TNF), and
monocyte chemoattractant protein 1 (MCP-1).

CSF was analyzed undiluted with in-house developed multiplex immunoassay (19, 20) using U-plex
plates (Meso-Scale Diagnostics (MSD), Maryland, US) coated with biotinylated antibodies speci�c for IL-
1β, IL-4, IL-6, IL-8, IL-10, IL-18, TNF, MCP-1, and BDNF on one plate and HMGB1 on another using 0.5%
bovine serum albumin (#4503, Sigma-Aldrich, Merck Life Science, Søborg, Denmark) in phosphate-
buffered saline as assay buffer (see antibody and calibrator details in additional �le 1). Biotinylation
(using EZ-Link Sulfo-NHS-LC-Biotin #21327, Thermo Fisher Scienti�c) was done in-house (if not already
biotinylated at purchase) and detection antibodies were SULFO-tagged (R91AO, MSD), both at a
challenge ratio of 20:1. The biotinylated antibodies were diluted to 10 µg/mL, bound to different linkers 1-
10 (MSD), and added to each plate well according to the manufacturer’s instructions. 25 µL CSF was
added to each well, incubated for 2 hours at room temperature, and then washed. Analyte-speci�c
secondary antibody at 1 µg/mL was added followed by incubation for 2 hours at room temperature. After
washing, 2x Read Buffer T (R92TC, MSD) was added, and the plates were immediately read on the
QuickPlex SQ 120 (MSD).

Analyses for fractalkine were performed using a commercial kit (K151VCK-1, MSD) following the
supplier’s instructions. Analyte concentrations were calculated from the calibrator curves on each plate
using 4PL logistic regression using the MSD Workbench software.

Statistical analysis

Because we were unable to �nd published data on the effect of storage temperature and time delay from
sampling to freezing on the individual cytokines examined in this study, a formal study power calculation
could not be conducted. We estimated that inclusion of 21 patients would be su�cient. A random effect
panel data regression was conducted for each biomarker including the variables storage temperature
until freezing, and time delay as an indicator for each time point. Plate number for the multiplex
immunoassay was also included in the regression model to control for plate variability. A p-value <0.05
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was considered statistically signi�cant. Biomarker concentrations below detection limit were substituted
with a value calculated as lower detection limit/2.

Results
Twenty-one participants undergoing total hip arthroplasty (n=11) or knee arthroplasty (n=10) under spinal
anesthesia between January and April 2018 were included in the study (Table 1).

Table 1. Demographic data

  N=21

Sex, female, no (%) 10 (48)

Age, years, mean (sd) 64 (10)

BMI, mean (sd) 30 (5)

Total hip arthroplasty, no (%) 11 (52)

Knee arthroplasty, no (%) 10 (48)

Demographic data. BMI=Body mass index.

For four of the biomarkers, the concentrations were within detectable levels (table 2). For the remaining
seven biomarkers, there were too few measurements within detectable levels to make any meaningful
statistical analyses (table 3). Thus, the biomarkers IL-6, IL-8, fractalkine and MCP-1 were included in the
statistical analyses.

Table 2. Detectable cytokines.

Cytokines Level of
detection

Intra-assay coe�cient of
variation (CV%)

Inter-assay coe�cient of
variation (CV%)

Fractalkine 100 % 2.4 % 12 %

MCP-1 100 % 3.3 % 21 %

IL-6 87 % 6.8 % 20 %

IL-8 100 % 3.9 % 25 %

IL-6 = interleukin 6, IL-8 = interleukin 8, MCP-1= Monocyte Chemoattractant Protein 1,

Table 3. Not detectable cytokines.
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Cytokines Level of detection Lower detection limit (pg/mL)

BDNF 1,6 % 200

TNF 2.4 % 8.51

HMGB1 4.0 % 1806

IL-18 20.6 % 1.34

IL-10 0.0 % 4.29

IL-4 1.6 % 514

IL-1β 4.0 % 1.34

TNF = tumor necrosis factor. BDNF = brain-derived neurotrophic factor. HMGB1 = high mobility group
protein box. IL-1β = interleukin 1β. IL-4 = interleukin 4. IL-10 = interleukin 10. IL-18 = interleukin 18.

Changes in biomarker concentration are presented in Figure 1. At baseline (de�ned as the 0.5 time point),
there were no signi�cant differences in the concentrations of any of the biomarkers between samples
stored in ice water (ice-samples) and samples stored at room temperature (RT-samples).

For fractalkine (Figure 1A), there were no signi�cant differences between ice-samples and RT-samples
except at the 3-hour time point (β: 263±93; p=0.005; con�dence interval (CI): 79, 446). There was no clear
overall picture in regards to time, but the concentrations for ice-samples were signi�cantly higher than
baseline at the 3-hour time point (β: 325±66; p<0.001; CI: 196, 455) and the 4-hour time point (β: 255±66;
p<0.001; CI: 125, 384) and signi�cantly lower than baseline at the 5-hour time point (β: -151±67; p=0.025;
CI: -282,-19). The concentrations of the RT-samples were signi�cantly lower than baseline at the 1-hour
time point (β: -145±66; p: 0.03; CI: -275,-15) and signi�cantly higher than baseline at the 4-hour time point
(β: 388±66; p <0.001; CI: 259, 518). There were no signi�cant differences between baseline and the 5-hour
time point.

For IL-6, IL-8 and MCP-1 (Figure 1B-1D), no signi�cant differences were observed for either storage
temperature or time delay.

Discussion
In this study, we found no clear effect of time delay and storage temperature from CSF sample collection
to sample freezing on the concentration of the biomarkers. We found no signi�cant differences for three
of the four detectable biomarkers—neither between ice-samples and RT-samples nor at any of the time
points compared to baseline. The results for fractalkine were variable with no clear overall trend, which
makes it more plausible that the small differences observed at single time points were due to
measurement uncertainty rather than real effects of time delay and storage temperature.
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We have not been able to identify previous studies on human CSF that have investigated the effect of
time delay and storage temperature until freezing on individual cytokines. Investigations of the CSF
proteome using different methods of mass spectrometry (MS) have mostly found the CSF proteome to be
relatively stable with respect to both time delay during the �rst �ve hours after collection (which was the
time period of our study) and storage temperature until freezing (12-15). However, two studies found
signi�cant changes in the CSF proteome during the �rst 5 hours after collection (16, 17), and these
changes were slowed down by low storage temperature in the study by Rosenling et al. (16), so the
evidence is not unequivocal. Furthermore, it is problematic to draw conclusions about the stability of
individual cytokines from MS investigations of the proteome for several reasons. First, cytokines can be
di�cult to detect by MS because of the small molecular weight and low concentrations of most cytokines
(21). Second, cytokines are a diverse group of proteins that differ in their stability under various
exposures, including long-term storage temperature and repeated freeze-thawing cycles (9, 10, 22).
Therefore, investigation into the effect of sample handling on the concentration of individual cytokines is
important to better understand possible sources of bias in biomarker studies of neuroimmune diseases.

There are some limitations to our study. Seven out of 11 biomarkers were below detection limit and this is
a well-described problem in human cytokine studies due to the low concentrations of many cytokines (23-
25). In addition, all samples were spun after 30 minutes. Since unseparated samples are more likely to be
affected by time delay from collection to freezing than separated samples (10, 12), studies where
samples are left unseparated at different time points until freezing are needed to de�ne the optimal pre-
analytical conditions for cytokine measurements in CSF.

Conclusion
We found no clear effects of storage temperature and time delay up to �ve hours from sample collection
until freezing on the concentrations of IL-6, IL-8, fractalkine and MCP-1 in CSF samples. However, we were
unable to detect 7 out of 11 biomarkers. More studies of the effect of sample handling on the stability of
these and other individual cytokines in CSF are warranted.
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Figure 1

Effects of time delay and storage temperature on cytokine levels Cerebral spinal �uid (CSF) levels of
Fractalkine (1A), Monocyte Chemoattractant Protein 1 (MCP-1), Interleukin 8 (IL-8) and Interleukin 6 (IL-6)
for samples stored in icewater (Ice) and room at temperature (RT). Data are mean CSF-levels with 95%
Con�dence Interval. * Signi�cant difference between levels for Ice-samples and RT-samples;  signi�cant
difference between levels on the Ice-curve and baseline (0.5 time point); x signi�cant difference between
levels on the RT-curve and baseline (0.5 time point).
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Figure 1

Effects of time delay and storage temperature on cytokine levels Cerebral spinal �uid (CSF) levels of
Fractalkine (1A), Monocyte Chemoattractant Protein 1 (MCP-1), Interleukin 8 (IL-8) and Interleukin 6 (IL-6)
for samples stored in icewater (Ice) and room at temperature (RT). Data are mean CSF-levels with 95%
Con�dence Interval. * Signi�cant difference between levels for Ice-samples and RT-samples;  signi�cant
difference between levels on the Ice-curve and baseline (0.5 time point); x signi�cant difference between
levels on the RT-curve and baseline (0.5 time point).
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