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Objectives: Cytokine research is of great theoretical and practical significance; it can
help to elucidate the mechanism of immune regulation at the molecular level, thereby
aiding diagnosis, prevention, and treatment of diseases. Here, we aimed to clarify the
effect of detection method, pre-treatment, and storage conditions of specimens on the
accurate assessment of cytokine levels in vivo.
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Methods: We selected four kinds of vacuum blood collection tubes, containing EDTA,
heparin, clot activator, and gel, separately, and compared the changes in expression of
14 cytokines in serum and plasma samples, at different temperatures and durations of
storage, using AimPlex flow cytometry-based immunoassay.
Results: The cytokine levels were significantly higher in plasma than in serum
from normal individuals. Reliable values for most cytokines were obtained in gel-serum
samples, centrifuged within 4h of collection and stored at-20°C for up to 24h, in both
normal population and patients with connective tissue disease. IL-6 and IL-8 levels
were significantly increased, to different extents, after being preserved under various
conditions; the increase was minimal and closest to the value of fresh blood when stored
up to 24 h at -20°C in the gel-serum.

Conclusion: Cytokines are more stable in gel-serum than in plasma or clot activatorserum, as estimated by AimPlex flow cytometry-based immunoassay. The best time for
testing would be within 4h (immediately) or within 24 h if centrifuged and stored at
-20°C in CTD patients.

Introduction
Cytokines are small molecular peptides or glycoproteins,
synthesized and secreted mainly by immune cells. They play
a variety of biological functions in inflammatory diseases by
mediating interactions across cells [1]. Release of cytokines leads to
the activation of immune cells and production of more cytokines, a
process referred to as “cytokine storm” [2]. Variation in the levels of
cytokines can provide valuable information regarding the diagnosis
and prognosis of autoimmune diseases [3,4]. A number of stimuli,
including C5a, IgA-type immune complexes, and bacterial products,
may stimulate cytokine synthesis [5-7]. In addition, cytokine levels
may be altered due to blood collection techniques and storage

conditions of the blood samples [8-10]. As per the recommended
methods, serum has been used for a long time for cytokine
measurements by ELISA. However, when the blood is collected
into tubes, owing to the bio-incompatibility between blood cells
and tube walls, coagulation gets activated and thrombin activates
protease receptors, leading to the release of IL-1β, IL-6, IL-10, and
TNF-α [11-13].
Some studies have also confirmed anticoagulants, such as
EDTA, to inhibit the complement system activation for use in
cytokine analyses [14]. According to Linda Torrissen Hennø, et al.,
EDTA-plasma is the best choice for cytokine detection using a Bio-
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Plex Pro Human Cytokine 27-Plex Panel kit [15]. Compared to the
traditional single cytokine detection method (such as ELISA), the
multiplex flow immunoassay developed here focused on plasma
and/or serum samples and the pre-analytical sampling conditions.
To obtain cytokine values representative of the conditions in vivo,
EDTA-and heparin (anticoagulant)-plasma, and clot activatorand gel-sera were collected from twelve healthy blood donors
and ten patients with connective tissue diseases. The levels of 14
cytokines were examined using flow cytometry-based multiplex
immunoassay; the influence of storage time and temperature were
also investigated.

Materials and Methods
Population

Twelve healthy blood donors (five females and seven males, age
range 22-63 years) and ten donors with connective tissue disease
(five females and five males, age range 22-70 years; SLE (n=4),
dermatomyositis (n=2), vasculitis (n=2), Connective tissue diseases
(n=1), and IgG4-related disease (n=1)) were enrolled in the study.
The healthy donors did not have any medication, fever, infection,
or inflammatory disease within a month prior to blood sampling.
All participants signed the informed consent form. The study was
approved by the ethics committee of Ren Ji Hospital (ShangHai,
China).

Sample Collection and Storage Conditions

Blood for serum samples was collected in tubes containing
clot activator (GongDong medical instrument co., LTD, China) and
gel (BD Vacutainer®, USA). Blood for plasma was collected in tubes
containing EDTA (GongDong medical instrument co., LTD, China)
and heparin (GongDong medical instrument co., LTD, China).
All tubes were gently rotated ten times by hand, after sampling,
followed by centrifugation at 4000 × g for 10 min at RT. Plasma or
serum, isolated from each tube, was divided into five parts, marked
as 4h, 1 day, 3 days, 5 days, and 7 days, respectively. The 1-day
specimen was further divided into three parts, and stored at 4°C,
-20°C, and -80°C.

Cytokine Analyses

Cytokines in the plasma and serum samples were tested using
an AimPlex Human Cytokine 14-Plex Panel kit (Tianjin Kuang Bo
Tongsheng Biotechnology Co., Ltd, China). The specific cytokines,
namely IL-1β (cut-off value ≤ 3.40 pg/mL, IL-2 (cut-off value ≤ 6.64

pg//mL), IL-4 (cut-off value ≤ 4.19 pg/mL), IL-5 (cut-off value ≤
4.15 pg/mL), IL-6 (cut-off value ≤ 11.09pg/mL), IL-8 (cut-off value
≤ 15.71 pg/mL), IL-10 (cut-off value ≤ 4.50 pg/mL), IL-12p70 (cutoff value ≤ 10.18 pg/mL), IL-17A (cut-off value ≤ 4.74 pg/mL), IL17F (cut-off value ≤ 4.66 pg/mL), IL-22 (cut-off value ≤ 3.64 pg/
mL), IFN-γ (cut-off value ≤ 4.43 pg/mL), TNF-α (cut-off value ≤
4.50 pg/mL), and TNF-β(cut-off value ≤ 2.54 pg/mL)were analyzed
using the CellQuest analysis platform (BD FACS Calibur, USA).
The analyses were performed according to the manufacturer’s
instructions.

Statistical Analyses

SPSS 23.0 (Statistical Product and Service Solutions Software,
US) and GraphPad Prism 6.0 (GraphPad Software, CA) were used
for the statistical calculations and figures. Multiple independent
samples were analyzed by Kruskal-Wallis test and Mann-Whitney
U test. Wilcoxon test was used to compare the difference between
the levels of cytokines under different conditions and the initial
value within 4h. Data regarding storage of serum and plasma
at different temperatures (4°C, -20°C, and -80°C) were analyzed
separately, time being the only variable, by comparing samples at
other temperatures with those processed immediately within 4h
in the same series. P < 0.05 was considered to imply significant
differences.

Results

Analysis of Cytokine Levels in Plasma and Serum
Samples Collected from Normal Subjects and Centrifuged
Immediately
Fourteen cytokines were detected in twelve normal human
samples collected from four types of blood vessels (EDTA, heparin,
clot activator, and gel) within 4 h of blood sampling (Table 1).
Results showed the levels of IL-2, IL-17F, and IL-22 in plasma to be
significantly higher than those in serum (P<0.05). The level of IL-4
detected in EDTA-plasma was higher than in clot activator-serum.
Compared to that in heparin-plasma, the levels of IL-5, IL-8, and
IL-17A in the two serum tubes were significantly lower (P<0.05).
TNF-β level in EDTA-plasma was significantly higher than in the two
kinds of sera (P<0.05). There was no difference in other cytokines
between the serum and plasma samples. Despite some differences
in the serum and plasma samples, results of all cytokines were
within the cut-off value set by the manufacturer (Figure 1).

Table 1: Reference ranges of cytokines in plasma and serum from healthy individuals.
EDTA

Heparin

Clot Activator

Gel

Cytokines

Median

95th Percentiles

Median

95th Percentiles

Median

95th Percentiles

Median

95th Percentiles

IL-1β

0.00

0.00-0.00

0.00

0.00-0.35

0.00

0.00-0.00

0.00

0.00-0.00

IL-4

0.00

0.00-0.00

0.07

0.00-0.98

0.00

0.00-0.00

0.00

0.00-0.00

IL-2

1.44

0.80-1.76

1.61

0.65-1.97
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IL-5

0.57

0.35-1.29

1.25

0.77-1.67

0.34

0.17-0.53

0.23

0.01-0.46

IL-8

7.63

6.96-9.35

8.97

7.70-14.14

3.85

2.81-5.97

3.38

2.34-6.77

1.39

1.30-1.57

IL-6
IL-10

IL-12p70
IL-17A
IL-17F
IL-22

TNF-α
TNF-β
IFN-γ

1.85
0.00
1.34
1.10
2.27
0.08
0.07
1.69
0.61

1.12-2.82
0.00-0.00
1.23-1.53
0.47-1.77
2.17-2.37
0.00-0.80
0.00-0.28
0.84-2.49
0.23-0.73

3.41
0.00
1.27
2.53
0.14
0.00
0.55
1.28

1.45-5.31
0.00-0.00
0.67-2.01
2.12-2.77
0.03-0.68
0.00-0.51
0.18-1.69
0.59-2.15

1.35
0.00
1.25
0.50
1.82
0.00
0.00
0.32
0.77

0.88-2.67
0.00-0.00
1.12-1.36
0.26-0.77
1.58-1.94
0.00-0.00
0.00-0.00
0.00-0.46
0.45-1.10

1.59
0.00
1.30
0.59
1.77
0.00
0.00
0.19
0.61

Note: IL: interleukin; TNF: Tumour Necrosis Factor; IFN: Interferon. All cytokines are expressed as pg/mL.

0.84-3.34
0.00-0.00
1.14-1.48
0.09-0.74
1.58-2.12
0.00-0.00
0.00-0.05
0.00-0.58
0.38-0.87

Figure 1: Cytokine levels in serum and plasma samples compared to the cut-off value set by the manufacturers. The levels of
(A) IL-1β, (B) IL-2, (C) IL-4, (D) IL-5, (E) IL-6, (F) IL-8, (G) IL-10, (H) IL-12p70, (I) IL-17A, (J) IL-17F, (K) IL-22, (L) TNF-α, (M)
TNF-β, and (N) IFN-γ were analyzed using AimPlex technology and expressed as pg/mL on the Y axis. Data are presented as
median values with whiskers (10th and 90th percentiles, n =12). *P < 0.05 compared to that detected in the EDTA tube. #P< 0.05
compared to that detected in the heparin tube.
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Effect of Storage Temperature and Time on Cytokine Levels in a Normal Person
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Figure 2: Cytokine levels in clot activator- and gel-serum samples from normal individuals. The levels of fourteen cytokines
were analyzed using AimPlex technology and expressed as pg/mL. The detected values in four tubes were compared with the
cut-off value. Purple: EDTA-plasma tube, green: heparin-plasma tube, red: clot activator-serum tube, yellow: gel-serum tube.
We studied the changes in 14 cytokines, after storage for 1 day,
3 days, 5 days, and 7 days at 4℃, -20℃, and -80℃. Results showed
most cytokine levels to not exceed the cut-off value, under any
storage condition, except for IL-8 and TNF-β. When IL-8 was stored
at 4℃ for 1 day, its level in plasma samples exceeded the cut-off
value; that in clot activator-serum exceeded the cut-off value after 5
days. Under the storage conditions of -20℃ and -80℃, the detection
levels in both kinds of plasma and clot activator-serum were close to
or more than the cut-off values after 1 day. The level of IL-8, however,
was always below the cut-off value at these storage temperatures

and time in the gel-serum sample. For TNF-β, the detection value in
EDTA-plasma was close to or more than the cut-off value after1-day
storage at 4℃, whereas it exceeded the cut-off value after 3 days at
-20℃ and -80℃ (Figure 2). In the normal population, levels of IL-8
and TNF-β detected in plasma were significantly higher than those
detected in serum within 4 h, and the levels in plasma samples
under different storage conditions increased and even exceeded the
cut-off value (Figure 1). Collectively, the results showed that plasma
samples may not be suitable for this cytokine detection method.
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Validation of Cytokine Levels in Connective Tissue
Disease Using Serum and Plasma Samples
Based on the results from normal samples, we expected no
difference in the levels of cytokines across the four kinds of vacuum
blood collection systems within 4 h in CTD samples. Samples from
ten patients with CTD were tested within 4 h, after centrifugation,
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and results were consistent with those in normal samples. Most of
the factors had no difference in the detected values across the four
tubes. Expression of IL-5, IL-8, and IL-17F in heparin-plasma was
significantly higher than in gel-serum. We, therefore, believed that
heparin-plasma may not be the most suitable sample for patients
with CTD (Figure 3).

Figure 3: Cytokine levels in serum samples compared to that in plasma samples from patients with connective tissue disease.
The levels of (A) IL-1β, (B) IL-2, (C) IL-4, (D) IL-5, (E) IL-6, (F) IL-8, (G) IL-10, (H) IL-12p70, (I) IL-17A, (J) IL-17F, (K) IL-22, (L)
TNF-α, (M) TNF-β, and (N) IFN-γ were analyzed using AimPlex technology and expressed as pg/mL on the Y axis. The data
are given as median values with whiskers (10th and 90th percentiles, n = 12). *P < 0.05 compared to that detected in the EDTA
tube. #P < 0.05 compared to that detected in the heparin tube.
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Effect of Storage Temperature and Time on Cytokine Levels in Patients with CTD
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Figure 4: Cytokine levels in clot activator- and gel-serum samples from patients with CTD. The levels of fourteen cytokines
were analyzed using AimPlex technology and expressed as pg/mL. *P < 0.05 compared to the day-0 value detected in the in
clot activator-tube. #P < 0.05 compared to the day-0 value detected in the gel tube. Red: clot activator-serum tube, yellow: gelserum tube.
In order to study the 14 cytokines better and understand the
storage conditions at which they are most stable, we investigated
their changes in the serum and plasma (from 10 patients with CTD)
samples stored at 4℃, -20℃, and -80℃ for 1 day, 3 days, 5 days, and
7 days. Results showed most of the cytokines to be detectable in 1
day, 3 days, 5 days, and 7 days, when preserved at 4℃; they were
increased in both serum and plasma with statistically significant

differences (Data not shown). We compared the two types of serum,
and found that, on the first day of storage at-20℃, except for IL-6
and IL-8, there was no difference in the detection value in gel-serum
compared to that detected within 4 h. However, the detection value
of clot activator-serum after 1-day storage was different from that
within 4 h for most cytokines. Under the storage condition of -80℃,
the cytokine levels detected were obviously different within 1 day
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of storage, compared to that at 4℃. Therefore, for patients with
CTD, gel-serum stored at -20℃ up to 1 day would be most suitable
for the combined detection of 14-plex cytokines (Figure 4).

Discussion

Our study collectively indicated that blood sampling conditions,
especially storage temperature and time, greatly affect the cytokine
levels. In normal individuals, both types of plasma showed
considerably higher levels of cytokines in the samples compared to
those in serum. The underlying reason for this phenomenon may
be that the activation or dissolution of leukocytes, when the whole
blood was introduced into anticoagulant tubes, led to cytokine
release along with the release of endogenous inflammatory
markers related to the anti-agglutination process of blood; this was
eventually detected by immunoassay during sample handling [16].
Due to the drive of agglutination process, IL-6 and IL-8 levels were
increased significantly in clot activator-serum than in gel-serum
[17,18]. The cytokines obtained from gel-serum stored at -20℃ for
24h were consistently similar in level compared to that stored at
room temperature for 4 h. In patients with CTD, the same levels of
cytokines were observed in the plasma compared to that in serum,
except for IL-8 and IL-17F.Owing to thrombin activation, IL-8 was
largely released in ordinary clot activator tube.
This result was consistent with those obtained in previous
studies [19]. IL-8 and IL-17F expression in heparin anticoagulantplasma, with calcium-dependent activation processes affected, was
significantly higher than in other three types of blood samples [20].
Cytokine levels in samples taken from EDTA-plasma and gel-serum,
and stored respectively at 4℃, -20℃, and -80℃ for 3 days, were
significantly higher than in the baseline samples stored at -20℃
for 24h. Interestingly, compared to EDTA-plasma, there was only
a small increase in IL-6 and IL-8 levels in samples stored at -20℃
for 24h in gel tube. The reason for this phenomenon could be that
EDTA activates monocyte and cytokine release in whole blood, as
indicated in a previous study [21]. Consistent with our findings, De
Jongh, et al. had reported IL-6 to be stable in serum stored at 4°C up
to 24h [22,23]. This result supported the fact that gel-serum is the
preferred sample for cytokine analysis of patients with CTD.

In previous studies, plasma samples were handled with
caution for cytokine detection [19,24]. Mechanisms underlying the
differential cytokine levels in serum compared to those in plasma
remain to be explored in detail. Currently, cytokines, especially IL6, have been implicated in the pathogenesis caused by COVID-19
[25,26]. Therefore, it would be important for clinicians to select
optimal conditions for the simultaneous detection of multiple
cytokines, in order to understand the patients’ conditions and
guide with appropriate medication. Our data suggested that gelserum could be recommended for sampling the reference ranges
of cytokine tests using the method of AimPlex flow cytometry. If
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cytokines in the collected serum cannot be detected timely, it would
be advisable to store the sample at -20℃ up to 24h.
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