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Clinical evaluation of the levels of 12 cytokines in serum/plasma
under various storage conditions using evidence biochip arrays
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Abstract. Cytokines are a group of peptides which form a
sophisticated network to modulate multiple cellular events.
Within such a network, and through complex feedback mech-
anisms, cytokine functions are largely interdependent and
closely associated with a number of pathological processes.
In the present study, the EVIDENCE 180 system was used
to study the effects of storage temperature and repeated
freeze/thaw cycles on the concentration of 12 cytokines in
various sample types. Samples were collected from 9 healthy
volunteers and stored by 3 methods: gel, glass and lithium
heparin (LH) tubes. Immediately following collection, the
concentration of each cytokine in the samples was measured.
Cytokine concentrations of the 3 sample types that did not
undergo repeated freeze/thaw cycles were compared with
those subjected to 1-10 freeze/thaw cycles. In addition, the
dynamic changes of 6 sample types which were stored at
4°C for 6 h to 6 days was analyzed. In addition, the within-
and between-run precision of 12 cytokines on the biochip
array was evaluated. Interleukin (IL)-8, vascular endothelial
growth factor (VEGF) and epidermal growth factor (EGF)
concentrations were lower in plasma compared with serum.
Cytokine levels in serum and plasma were affected by
several freeze/thaw cycles with IL-1f, -4 and -10 increasing
significantly following 1 freeze/thaw cycle and remaining
at stable increased levels for the duration of the additional
9 cycles. In separated serum samples in gel and glass tubes
stored at 4°C for 6 days, no difference in concentration of the
12 cytokines was identified. In the other 4 sample types, IL-8,
VEGTF, tumor necrosis factor o and EGF levels were altered
when stored at 4°C. Results indicate that the EVIDENCE 180
system is stable and plasma was observed as the best sample
type to determine concentration of the 12 cytokines using this
biochip array. Repeated freeze/thaw cycles and storage at 4°C
was identified to affect the concentration of the 12 cytokines.
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The current study demonstrates that repeated freeze/thaw
cycles of samples must be avoid. In addition, results indi-
cate that plasma or serum must be separated immediately
following centrifugation and sample concentration should be
measured as soon as possible.

Introduction

In recent years, biochip technology has developed extremely
rapidly and may soon be utilized in routine clinical analysis.
Cytokines are known to be important substances in the human
body, possessing multiple biological activities, promoting target
cell proliferation, enhancing anti-inflammation effects and
NK cell activity, modulating cell metabolism and mediating
inflammation. Variations in the concentration of cytokines
in vivo are associated with the pathological processes of a
number of diseases (1).

The study of cytokines has developed from four inde-
pendent study areas. The first and most significant area is
immunology, specifically the study of lymphokines. The
second source of cytokine research is associated with inter-
ferons (IFNs). Hematopoietic growth or colony-stimulating
factors is the third area and the study of nonhematopoietic
growth factors is the fourth source. The role of cytokines in
the regulation of immune and inflammatory responses is now
clearly recognized and studies on cytokines have led to their
association with numerous pathological conditions.

Cytokines are markedly associated with roles in diseases,
particularly chronic diseases during which cytokines are
released in response to infection or inflammation. In a mouse
model, blockage of interleukin (IL)-10 production was identi-
fied as a potential therapeutic for pulmonary tuberculosis (2).
In an additional study, IL-10 was found to be critical for
protecting the cerebral microcirculation from spirochaetal
injury by inhibiting the effects of tumor necrosis factor
(TNF) (3). IL-10 levels are associated with early treatment
failure of advanced stage Hodgkin's lymphoma and are inde-
pendent of current known clinical factors (4). Serum TNFa,
IL-6 and nitric oxide (NO) levels have also been identified
as biomarkers during systemic inflammatory response in
chronic obstructive pulmonary disease (COPD) patients
and, to a lesser degree, in COPD exacerbation or monitoring
recovery following exacerbation (5). Elevated levels of TNFa
and IL-6 have also been reported in coronary artery disease
(CAD) and systolic heart failure (6) and are associated
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with the immunoinflammatory activation process. Finally,
overproduction of IL-6 accelerates pathogenesis of CAD in
Chlamydia pneumonia (7). A previous study demonstrated
that inhaling NO may reduce primary graft dysfunction
following lung transplantation by downregulation of the
inflammatory response through reduction of IL concentra-
tions, including IL-6 and -8 (8). Alterations in cytokine levels
regulate gene expression. For example, TNFa and IL-1p
induce NO production which regulates MMP-9 and TIMP-1
expression in the human mesangial cell line (9). Monocyte
chemoattractant protein-1 (MCP-1) is induced by NF-«kB acti-
vation in homocysteine which is an independent risk factor
for cardiovascular disorders when overaccumulated in the
blood (10). In addition, serum cytokine levels, including IL-6,
-1B, -2, -4, -5, -7, -8, -10, -12, -13 and -17, TNFa, granulocyte
colony-stimulating factor (G-CSF), granulocyte macrophage
colony-stimulating factor (GM-CSF), macrophage inflam-
matory protein (MIP)-1 and MCP-1, have been found to
vary in middle-aged females and may be associated with the
progression of various diseases in pre- and postmenopausal
females (11). Vascular endothelial growth factor (VEGF)
levels in peripheral blood are used to determine asthma
progression by analyzing elevation in airway inflammation
and remodeling in asthma (12). Therefore, cytokines are
important in pathogenesis and process of diseases. At present,
a significant issue remains unsolved concerning the storage
and evaluation of cytokine samples.

The EVIDENCE 180 analyzer is a fully automated
Biochip Array system and a number of immunoassay-based
multi-analyte arrays have been developed for this system. The
Cytokine Array biochip quantitatively and simultaneously
analyzes levels of IL-1a, -1B, -2, -4, -6, -8 and -10, VEGF,
IFNy, epidermal growth factor (EGF), MCP-1 and TNFa.

In the present study, the stability of cytokines in various
sample types and the effect of different storage conditions
on the samples was analyzed. In addition, the within- and
between-run precision of the EVIDENCE 180 system was
evaluated.

Materials and methods

Study population. Nine individual volunteers (6 males,
18-46 years old; 3 females, 19-36 years old) provided blood
samples for the current study. Informed consent was obtained
from each volunteer and all individuals passed a physical
examination. This study was conducted in accordance with
the Helsinki Declaration and approved by the Medical Ethics
Committee of the Chinese PLA General Hospital (Beijing,
China).

Comparison of cytokine levels in various samples. Nine volun-
teers provided 9 ml of whole blood collected into gel, glass
and lithium heparin (LH) tubes (all sample tubes purchased
from BD Biosciences, Franklin Lakes, NJ, USA). Samples
were obtained in the morning following a 12-h fast. Each type
of sample tube held 3 ml whole blood. Blood samples were
kept at room temperature for 30 min and then centrifuged for
10 min at 3,000 rpm. Following centrifugation, the serum and
plasma samples of each volunteer were immediately separated
and analyzed to compare cytokine levels.
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Freeze/thaw cycles study. Briefly, each volunteer provided
30 ml whole blood in total into gel, glass and LH tubes in the
morning following a 12-h fast. Each sample tube held 10 ml
whole blood. Blood samples were kept at room temperature
for 30 min and then centrifuged for 10 min at 3,000 rpm.
Following centrifugation, samples (serum or plasma) were
divided into one 0.5-ml and thirty 0.3-ml aliquots. The
3 types of 0.5-ml aliquot from each volunteer were analyzed
immediately and the results were used as baseline values for
the 12 cytokines. The additional thirty 0.3-ml aliquots, stored
by 3 methods, from each volunteer (total, 270 aliquots) were
stored at -80°C and thawed 1, 2, 3,4, 5,6, 7, 8,9 and 10 times
at room temperature for 2 h and then stored at -80°C until
analysis. Concentration of the 12 cytokines in each sample was
compared with baseline values and plotted against the number
of freeze/thaw cycles (13).

Refrigeration study. Each volunteer provided 30 ml whole
blood in total into 2 gel, 2 glass and 2 LH tubes in the morning
following a 12-h fast. Each tube held 5 ml whole blood. Blood
samples were kept at room temperature for 30 min and then
centrifuged for 10 min at 3,000 rpm. Following centrifuga-
tion, samples were subjected to various procedures to produce
6 samples from each volunteer, including separated and unsep-
arated serum in gel tubes, separated and unseparated plasma in
LH tubes and separated and unseparated serum in glass tubes.
Samples were analyzed immediately and the results used as
the baseline values for the cytokines. Additional samples were
stored at 4°C for 6 and 12 h and 1, 2, 3,4, 5 and 6 days prior
to analysis. Cytokine concentrations in each sample type were
compared with baseline values.

Within- and between-run precision. To evaluate within-run
precision of the 12 cytokines, high, mid and low concentration
control sera (no. 2279) were tested 10 times simultaneously. To
evaluate between-run precision of the 12 cytokines, high, mid
and low concentration control sera (no. 2295) were tested over
10 days, 1 time/day. Precision was expressed as coefficient
of variation (CV). All controls were obtained from Randox
Laboratories (Crumlin, UK).

Analyzer and reagent. The EVIDENCE 180 (14) Biochip
Analyzer system and Cytokine Array I kits (nos. 0857 and
0658, both Randox Laboratories) were used to detect serum
levels of 12 cytokines.

Statistical analysis. SPSS 13.0 software was used to perform
statistical analyses. ANOVA test was used and P<0.05 was
considered to indicate a statistically significant result.

Results

Cytokine levels in various samples. Cytokine concentrations
were not found to be significantly different between serum
samples in the gel and glass tubes (P>0.05). However, cyto-
kine levels were identified to be significantly different between
serum and plasma samples. IL-8, VEGF and EGF levels in
plasma were significantly lower compared with serum (P<0.01;
Table I). Cytokine levels in plasma were identified to be more
stable than in serum samples (Fig. 1).
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Figure 1. Levels of IL-8, VEGF and EGF in various samples. x-, y- and z-axes
show the concentration of IL-8, VEGF and EGF (ng/l), respectively. Blue,
white and green rings represent serum in gel and glass tubes and plasma in
LH tubes, respectively. The red ring shows the plasma results. IL, interleukin;
VEGEF, vascular endothelial growth factor; EGF, epidermal growth factor;
LH, lithium heparin.
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Figure 2. Effect of multiple freeze/thaw cycles on cytokine levels. (A) Nine
cytokines of 3 sample types exhibited no alterations in concentration fol-
lowing 10 freeze/thaw cycles. (B) IL-1f, -4 and -10 of 3 sample types.
Concentrations increased by 3-5-fold following only 1 freeze/thaw cycle.
IL, interleukin; VEGF, vascular endothelial growth factor; IFN, interferon;
EGF, epidermal growth factor; MCP, monocyte chemotactic protein; TNF,
tumor necrosis factor.

Freeze/thaw cycles. No significant difference in concentration
following 10 freeze/thaw cycles was found for 9 cytokines in
the 3 sample types (P>0.05); gel, glass and LH tubes. These
cytokines were IL-1a, -2, -6 and -8, TNFa, EGF, VEGF, IFNy
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Figure 3. Cytokine concentrations following refrigeration. (A and B) Eight
cytokines of 6 sample types were unchanged following storage at 4°C for
6 days. (C) Effect of storage at 4°C on IL-8, VEGF, TNFa and EGF concen-
trations in various sample types. Sample types 1-6 reveal separated serum
in gel tube, separated plasma in LH tube, unseparated serum in gel tube,
unseparated plasma in LH tube, separated serum in glass tube and unsepa-
rated serum in glass tube, respectively. Storage times 1-9 include 6 sample
types stored at 4°C for 0,6 and 12 hand 1,2, 3,4, 5 and 6 days, respectively.
IL, interleukin; VEGF, vascular endothelial growth factor; IFN, interferon;
EGF, epidermal growth factor; MCP, monocyte chemotactic protein-1; TNF,
tumor necrosis factor; LH, lithium heparin.

and MCP-1 (Fig. 2A). IL-1f, -4 and -10 levels in the 3 sample
types increased at least 3-5-fold following 1 freeze/thaw cycle,
stabilizing at these levels during the additional 9 freeze/thaw
cycles (Fig. 2B).

Refrigeration study. Following storage at 4°C for 6 days, levels
of 8 cytokines were unchanged in the 6 sample types; separated
and unseparated serum in gel tubes, separated and unseparated
plasma in LH tubes and separated and unseparated serum in
glass tubes. These cytokines were IL-1a, -1, -2, -4, -6 and -10,
MCP-1 and IFNy (Fig. 3A and B). By contrast, IL-8, VEGF,
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Table I. Cytokine level in various samples (ng/l).
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Cytokines Serum in gel tube Serum in glass tube Plasma in LH tube
IL-1a 0.029+0.086 0.088+0.263 0

IL-1pB 0.128+0.254 0.120+0.237 0.068+0.204
IL-2 0 0.297+0.890 0

IL-4 0.483+1.448 0.539+1.618 0.922+1.837
IL-6 1.233+2.245 1.328+2.403 1.331+£2.296
IL-8 8.621+£3.433 7.526x2.777 3.529+1.296*°
IL-10 0.064+0.192 0.068+0.204 0.053+0.160
VEGF 128.09+75.470 134.225+78.263 9.639+5.039*°
IFNy 1.141+1.441 1.212+1.507 1.205+1.155
EGF 33.967+22.337 38.936+21.629 0.510+1.039**
MCP-1 263.973+49.372 286.272+59.695 256.907+45.370
TNFa 8.126+9.858 4.009+0.938 2.896+0.834

Values are presented as mean = SD. P<0.01 vs. serum cytokines in gel tubes. °P<0.01 vs. serum cytokines in glass tubes. Data are presented
as the mean + SD. IL, interleukin; VEGF, vascular endothelial growth factor; IFN, interferon; EGF, epidermal growth factor; MCP, monocyte

chemotactic protein; TNF, tumor necrosis factor; LH, lithium heparin.

Table II. Within and between run precision of 12 cytokines (n=10).

Within run precision, CV (%)

Between run precision, CV (%)

Cytokines Low Mid High Low Mid High
IL-1a 2.72 3.67 547 440 3.57 4.15
IL-1pB 7.15 6.05 6.24 444 4.05 3.86
IL-2 8.49 542 253 3.90 241 2.14
IL-4 6.51 7.95 8.78 543 6.32 4.04
IL-6 4.75 5.80 8.77 9.90 5.58 6.49
IL-8 791 3.85 8.39 6.63 6.45 6.34
IL-10 395 542 4.20 2.20 327 3.58
VEGF 822 5.77 8.49 8.77 6.98 743
IFNy 5.14 8.42 5.50 6.20 6.50 9.40
EGF 434 4.19 540 3.80 1.77 3.86
MCP-1 4.47 3.00 3.98 5.07 242 3.36
TNFo 6.81 6.20 7.84 6.25 4.03 544

IL, interleukin; VEGF, vascular endothelial growth factor; IFN, interferon; EGF, epidermal growth factor; MCP, monocyte chemotactic protein;

TNF, tumor necrosis factor; CV, coefficient of variation.

TNFa and EGF concentrations in the 6 sample types were
identified at different levels in different samples (Fig. 3C).

In separated serum in gel tube samples, no significant
difference in levels of the 4 cytokines were identified when
stored at 4°C for 6 days. In the unseparated serum in gel tube
samples, levels of 3 cytokines were observed to be signifi-
cantly different. IL-8 levels increased following storage at 4°C
for 3 days. EGF increased by >2-fold on day 4 from 18.98 to
38.30 ng/l and then increased to 56.33 ng/l at day 6. TNFa
levels decreased on day 6.

In separated plasma in LH tube, EGF levels were found to
be significantly increased on day 2 following storage at 4°C.
In unseparated plasma in LH tube, 4 cytokines were noted at

significantly increased concentrations. EGF levels increased
extremely rapidly, >6-fold following storage at 4°C for 6 h.
EGF concentration was >500 ng/l at day 6. VEGF levels
increased at day 1, exceeding 25 times the baseline concentra-
tion at day 6. IL-8 levels increased from day 2 and were also
found to exceed 25 times the baseline levels by day 6. TNFa
increased from day 2.

In separated serum samples in glass tubes, no significant
difference in levels of IL-8, VEGF, TNFa and EGF was
identified when samples were stored at 4°C for 6 days. In
unseparated serum samples in glass tubes, EGF levels were
detected at >2 times baseline levels following storage at 4°C
for 6 h. At day 6, EGF concentration was 281.92 ng/I. IL-8
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Table III. Within and between run control levels of 12 cytokines (n=10).

Within run control levels (ng/1) Between run control levels (ng/l)
Cytokines Low Mid High Low Mid High
IL-1a 15.45+0.42 58.47+2.14 245.08+13.41 62.3+£2.74 126.4+4.52 258.7+10.74
IL-1B 7.72+0.55 32.27+1.95 123.86+7.73 31.3+1.39 62.9+2.55 128.2+4 .95
IL-2 9.68+0.82 51.3+£2.78 492.27+12 47 121.3+4.72 245.5+5.93 505.5+10.81
1L-4 32.82+2.14 227.3+18.06 906.7+79.62 246.5+13 .4 492.6+31.11 978.7+£39.5
IL-6 4.04+0.19 17.63+1.02 135.69+11.99 32.7+£3.6 75.8+4.23 154.9+10.04
IL-8 9.64+0.76 121.87x4.7 991.97+83.23 259.5+17.22 512.8+33.1 1047.9+66.49
IL-10 13.35+0.53 59.19+3.21 229.94+9.67 61.3+1.35 122.0+£3.99 244 2+3.27
VEGF 32.18+2.64 104.15+6 .01 712.76x60.48 112.5£9.87 253.8+17.72 801.4+59.54
IFNy 87.74+4.51 260.3+21.92 433.11+£23.84 125.9+7.8 229.3+14.9 523.7+49.21
EGF 14.58+0.63 64.3+£2.7 245.84+13.27 60.3£2.29 1244422 243.7+9 .42
MCP-1 25.33+1.13 123.13+£3.69 517.74+20.61 120.8+6.12 250.4+6.07 485.4+16.3
TNFo 12.97+0.88 55.97+3.47 480.65+37.69 124.7+7.8 251.2+10.11 511.2+27.81

Values are presented as the means + SD. IL, interleukin; VEGF, vascular endothelial growth factor; IFN, interferon; EGF, epidermal growth
factor; MCP, monocyte chemotactic protein; TNF, tumor necrosis factor; LH, lithium heparin.

and TNFa levels were observed to be significantly increased
from day 3.

Within- and between-run precision. Results for within- and
between-run precision revealed CV values <10% for 3 control
levels of the 12 cytokines tested (Tables II and III).

Discussion

In the present study, 12 cytokines/sample were measured
simultaneously on a biochip platform. Results of various
sample types obtained from 9 human volunteers demonstrated
that concentrations of the 12 analyzed cytokines did not vary
between serum in gel or glass tubes. However, levels were
found to be significantly different between serum and plasma.
IL-8, VEGF and EGF levels were lower in plasma compared
with serum. VEGF in plasma was >10 times lower than in
serum and EGF was >60 times lower. These observations may
be associated with the blood agglutination process, since blood
cells release a number of cytokines, including IL-8, VEGF
and EGF, during the blood agglutination process. Therefore,
the concentration of cytokines in plasma may reflect levels of
various cytokines in the human body. By contrast, the stan-
dard deviation of the 12 cytokines was lower in plasma than in
serum (Table I) and the levels of IL-8, VEGF and EGF were
concentrated in a small area (Fig. 1). These results indicate
that cytokine levels in plasma are more stable compared with
serum. Therefore, plasma is a better matrix than serum for the
evaluation of cytokines in clinical or research analyses.
Cytokines in serum and plasma were observed to be
affected by multiple freeze/thaw cycles. In the present study
9 cytokines (IL-1a,-2,-6 and -8, TNFa, EGF, VEGF, IFNy and
MCP-1) of 3 sample types presented no significant changes in
concentration following 10 freeze/thaw cycles, however, IL-1p3,
-4 and -10 were found to increase significantly following

1 freeze/thaw cycle in serum and plasma and remained stable
at increased levels for an additional 9 freeze/thaw cycles.
These results indicate the importance of avoiding freeze/thaw
cycles to minimize the risk of false values of cytokines. Where
possible, determination of cytokine levels must be performed
immediately following sample collection and if samples are
stored frozen, levels must be determined at the same time to
establish simultaneous comparison.

Following storage at 4°C for 6 days, levels of IL-1a, -1§,
-2, -4, -6 and -10, MCP-1 and IFNy in 6 sample types were
unchanged. By contrast, IL-8, VEGF, TNFa and EGF concen-
trations were different. In separated serum samples in gel and
glass tubes stored at 4°C for 6 days, no difference in levels of
the cytokines was found. However, in unseparated serum in
gel tubes, significant changes in the levels of 3 cytokines were
observed. IL-8 increased following storage at 4°C for 3 days,
EGF increased on day 4 and its concentration more than
doubled from 18.98 to 38.30 ng/l, increasing to 56.33 ng/1 by
day 6, however TNFa decreased at day 6. In separated plasma
samples in LH tubes, EGF concentration increased on day 2.
In unseparated plasma in LH tubes, 4 cytokines increased
markedly. EGF levels increased extremely rapidly to >6 times
that of baseline following storage at 4°C for 6 h and its concen-
tration was >500 ng/l at day 6. VEGF increased on day 1 and
by day 6 had increased by >25-fold. IL-8 levels increased from
day 2 and were 25 times higher than baseline at day 6. TNFa
increased from day 2. These observations may be due to blood
cells secreting these cytokines continuously, particularly EGF
and VEGEF. In unseparated serum samples in glass tubes, EGF
concentration more than doubled following storage at 4°C for
6 h and at 6 days its concentration was 281.92 ng/l. IL-8 and
TNFa increased from day 3. These results demonstrate that
plasma or serum must be separated immediately following
centrifugation and cytokine concentrations in the sample must
be measured as soon as possible.
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CV values <10% were obtained for the within- and
between-run precisions of the simultaneous immunoassays for
the 12 cytokines assessed on EVIDENCE 180 for 3 concentra-
tions. This result indicated that the cytokine biochip array had
good stability and precision in measuring cytokines.

The use of a multi-analytical approach for the simultaneous
measurement of 12 cytokines/sample using biochip array
technology on the fully automated analyzer EVIDENCE 180
allows determination of cytokine levels in real time, which is
advantageous for studies on the complex cytokine network
and the role played by cytokines in normal and pathological
processes. Assaying multiple cytokines in a single sample is
likely to become an important technique in laboratory medi-
cine. The knowledge gained from multiple cytokine analysis
may enable improved diagnosis and disease management
(15,16).

In conclusion, the current study has identified improved
methods for the detection of multiple cytokines in clinical
and research analyses. Firstly, plasma cytokines accurately
reflect levels of cytokines in the human body and a reduced
number of factors compromise plasma levels compared with
serum. Therefore, plasma is the most appropiate and stable
sample type for the determination of multiple cytokine levels.
Secondly, repeated freeze/thaw cycles of the samples must be
avoided. Thirdly, storage at 4°C is likely to affect the concen-
tration of a number of cytokines, therefore, plasma and serum
must be separated immediately following centrifugation and
the concentration of cytokines in the sample must be measured
as soon as possible.
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