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Abstract: Background: Several cytokines have been involved in the diagnosis and prognosis for the pathogenesis
and severity of chronic hepatitis B (CHB) such as cluster of differentiation 163 (CD163), neutrophil gelatinaseassociated lipocalin (NGAL), high-mobility group box 1 (HMGB1) and macrophage inflammatory protein-2 (MIP-2).
Nevertheless, the stability and reliability of these cytokines can be greatly influenced by handling and storage processes. Methods: In this study, potential utility of serum samples of a CHB cohort was evaluated to investigate several processes that might impact cytokine profiles such as temperature, storage time and number of freeze-thaw cycles. Blood samples collected from 100 patients with CHB were separated immediately and divided into two groups.
In one group, samples (n=50) stored at -80°C were subject to 1-3 freeze-thaw cycles. In the other group, samples
(n=50) were stored at 4°C and 25°C for 3 h, 9 h, 24 h, 48 h, 72 h, and 7 d time points, respectively. To assess
the influence of different storage conditions on cytokines, the levels of CD163, NGAL, HMGB1 and MIP-2 were
measured using enzyme-linked immunosorbent assays (ELISA) kits. Results: No significant differences of these four
cytokines after 1-3 repeated freeze-thaw cycles. Significant differences of NAGL levels were seen between 9 h and 7
d (P<0.05), and also in HMGB1 at 25°C, while the other cytokines were relatively stable at the two storage temperatures over the various time points. Conclusion: This study indicated that these four cytokines remained stable within
three freeze-thaw cycles and 7 d at 4°C. No perceptible effects on CD163 and MIP-2 levels were presented under
the storage condition of 7 d at room temperature, whereas the degradation of NGAL and HMGB1 were notable.
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Introduction
Cytokines play important roles in the prediction
of clinical information and insights for disease
severity. For patients with chronic hepatitis B
(CHB), three parameters (i.e. TNF-α, IL-12 and
IFN-γ) are commonly considered as valuable
diagnostic parameters related to the phase
and activity of liver disease [1, 2]. Besides,
other cytokines involving in CHB are also of
paramount importance. For instance, recent
data indicates that soluble CD163 may play an
important role for monitoring macrophage activation in liver inflammation and development of
fibrosis in CHB virus infection [3]. Deng et al
revealed that HMGB1 levels were closely associated with the pathogenesis of CHB and liver
failure [4]. Chen et al indicated that NGAL was
expected to evaluate the severity of liver dam-

age in patients with hepatitis B [Complementary
laboratory indices for predicting the disease
status of patients with hepatitis B virus infection]. Another study showed MIP-2 promoted
the development of hepatitis in animal model
by recruiting granulocytes [IP-10 protects while
MIP-2 promotes experimental anesthetic hapten-induced hepatitis]. Taken together, developing methods with high specificity and accuracy
for the determination of cytokines is crucial for
the diagnosis and characterizing disease
conditions.
To date, several techniques have been developed to quantify human cytokines and related
biomarkers. Among these techniques, enzymelinked immunosorbent assay (ELISA) is commonly acknowledged as a standard method for
determination of antigen and cytokines of inter-
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Table 1. Information of the patients with chronic hepatitis B

Materials and methods

Group
Age
Gender (F/M)
Repeated freeze-thaw group (n=50) 39.78±1.72
36/14
Temperature and time group (n=50) 36.82±1.70
34/16

Serum samples

F, female; M, male.

ests [5]. This approach enables specific and
accurate immunoassay of cytokines by means
of enzyme-conjugated antibodies with antigen
or antibodies bound to a solid support.
Moreover, the results obtained from the ELISA
are generally reproducible and quantitative.
Recently, commercial ELISA kits are available
and have been widely employed in biomedical
research and clinical laboratories [6].
Cytokines, with a short half-life in vivo, are apt
to degraded rapidly in vitro after sample collection in presence of unsuitable storage and handling procedures [7]. Thus, preanalytical conditions are essential to guarantee samples to
meet the required specifications and preserve
research results with accuracy and reproducibility [8]. These conditions were mainly consisted of storage temperature and duration, temperature and time until freezing, as well as
number of freeze-thaw cycles. Freeze thaw has
been commonly encountered in the laboratory
analysis, and is speculated to be associated
with the test results. Accumulating evidences
indicated that most cytokines were stable for
up to three freeze thaw cycles, whereas the
level of certain cytokines could increase gradually with the successive freeze-thaw cycles [9].
de Jager et al showed that samples stored at
-80°C were stable for up to 2 years and multiple freeze-thawing cycles should be avoided
[10]. Skogstrand et al proposed that samples
should be kept at low temperature until processing, since statistical differences were
noticed in the determination of cytokines
among the samples stored at -4°C, room temperature and 35°C, respectively [11].
Considering the role of CD163, NGAL, HMGB1
and MIP2 in the pathogenesis of CHB, it is
essential to investigate whether their quantification could be influenced by preanalytical
sample process. In this study, we aim to identify the levels of these four cytokines obtained
from the serum sample of CHB patients under
various temperature, time and freeze-thaw
cycles.
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Blood samples were collected from
patients (n=100) with chronic hepatitis
B using EDTA-K2 anticoagulant tubes
after obtaining the signed informed
consents from the patients. The study protocols were approved by the First Affiliated
Hospital of Zhejiang University. The patients’
information was listed in Table 1. The cohorts
were excluded including hepatitis C, hepatitis
D, decompensated liver disease and autoimmune hepatitis such as mediterranean anemia,
chronic renal failure and severe heart failure.
Serum samples were separated from blood
immediately after blood collection by centrifugation at 500 g for 10 min at room temperature. Separated samples were collected using
sealed tubes (720 ml for each sample) and
divided into two groups randomly. In group one,
samples obtained 50 patients (male: 36,
female: 14, aged 5-70 yrs) were stored at -80°C
and tested for the effect of repeated freezing
and thawing on cytokines. Samples were subject to zero, one, two, or three cycles of freezethaw, respectively. To investigate influence of
storage temperature on levels of cytokines,
samples derived from the other 50 patients
(male: 34, female: 16, 15-68-year old ) were
separated into aliquots and stored at 4°C and
25°C for 3 h, 9 h, 24 h, 48 h, 72 h, and 7 d time
points, respectively.
ELISA
Serum CD163 and NGAL were analyzed using
quantitative ELISA kits purchased from
RayBiotech Inc. (Norcross GA, USA), and serum
HMGB1 and MIP2 were determined using commercial kits purchased from Maibio Co., Ltd.
(Shanghai, China). ELISA was performed strictly
according to the manufacturer’s instructions.
The absorbance was measured with a microtiter plate reader at 450 nm. Each sample was
tested in duplicate and the coefficient of intraassay variation among the duplicates was
<10%. The cytokine concentrations were calculated from the standard curves by using linear
regression analysis.
Statistical analysis
Continuous data are expressed as the mean ±
standard deviation and were analyzed using
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Figure 1. Effects of storage temperature on levels of CD163 (A), MIP2 (B), NGAL (C), and HMGB1 (D) at each time
point. The samples were stored at 4°C (black bar) and 25°C (white bar), respectively. *P<0.05.

Student’s t-test. Categorical data were
expressed as counts and percentages and analyzed by the chi-square test. Correlations
among the study variables were tested by
Pearson’s correlation coefficient. All statistical
analysis was performed by Student’s t-test
using SPSS15.0 statistical software (SPSS,
Chicago, IL, USA). P<0.05 demonstrated statistical significance.
Results
Effects of temperature and time on levels of
serum CD163, NGAL, HMGB1 and MIP2
Figure 1 summarized the changes of these four
cytokines after storage at 4°C and 25°C at different time points. No significant difference
was identified in the serum CD163 at each time
point after storage at 4°C or 25°C, respectively
(Figure 1A). Also, no statistical difference was
revealed in the serum MIP2 at each time point
after storage at 4°C or 25°C, respectively
(Figure 1B). However, significant differences
were identified in the serum NAGL and HMGB1
at 9 h compared with that obtained on day 7 at
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room temperature (P<0.05, Figure 1C, 1D).
Interestingly, no statistical significances were
noticed in different time points for the samples
stored at 4°C. In addition, no significant differences were revealed in the concentrations of
all cytokines at the same time point in the sample stored at 4°C compared with those stored
at 25°C. The mean levels of MIP2, NAGL and
HMGB1 in samples kept at 25°C were lower
compared to the refrigerated (4°C) samples,
however, no statistical difference was noticed.
For CD163, the level was higher at room temperature compared with that obtained from the
refrigerated samples, but no statistical difference was revealed.
Influence of freeze-thaw cycles on serum cytokines
The effects of repeated cycles of freezing of
serum samples at -80°C and thawing at room
temperature were evaluated from the other 50
individuals (Figure 2). The results showed that
no statistical differences were observed in
mean levels of serum CD163, NGAL, HMGB1
and MIP2 subject to 0, 1, 2, and 3 cycles of
Int J Clin Exp Pathol 2015;8(4):4099-4105
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Figure 2. Effects of repeated freeze-thaw cycles on levels of CD163 (A), MIP2 (B), NGAL (C), and HMGB1 (D). The
samples underwent 0, 1, 2, and 3 cycles of freeze-thaw, respectively.

freeze-thaw. This indicated these cytokines
were comparative stable within the freeze
thawing cycles.
Discussion
Cytokines, extra-cellular signaling proteins, act
as immune regulators by association with specific membrane receptors [12]. They are
involved in the effector phase of a wide range
of inflammatory diseases that can alter immune
responses. As cytokines reflect the local or systemic inflammatory activities in vivo, measurement of their levels are useful for understanding pathogenesis and as potential targets for
clinical therapy in many diseases.
Chronic hepatitis B is one of the most common
and serious infectious diseases worldwide. It
has been estimated that 350 million persons
4102

worldwide are chronically infected with HBV,
where 75% of those live in the Western Pacific
and Asian regions [19]. Current reports suggest
that 25-40% of CHB patients will progress
towards complications of cirrhosis and hepatocellular carcinoma, which are severe life-threatening conditions with high mortality [20].
CD163 is a member of a scavenger receptor
family with mainly expressed on cells of activated macrophage lineage. It is known to be
associated with several anti-inflammatory functions of the immune system. Highly elevated
levels of a circulating form of CD163 have been
observed in serum samples with liver failure
[21]. Consistent with the role of CD163 in
immune response, Zhang et al reported that
the expression of this receptor was significantly
up-regulated on liver macrophages and in the
Int J Clin Exp Pathol 2015;8(4):4099-4105
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circulation of patients with hepatitis B [22]. All
these evidences strongly indicated that CD163
may be a valuable diagnostic parameter in the
pathogenesis and clinical process of liver
failure.
HMGB1 protein, a late inflammatory mediator,
is released from activated macrophages,
phagocytes and necrotic cells. It contributes to
the pathogenesis of diverse inflammatory disorders by itself or in combination with other
proinflammatory cytokines [23]. A growing
number of studies suggest that HMGB1 is a
potential therapeutic target involving in acute
lung injury, rheumatoid arthritis and acute-onchronic liver failure (ACLF) [24, 25]. Zhou et al
found that up-regulation of HMGB1 was correlated with the disease onset and severity of
ACLF [26]. Another study indicated that high
level of HMGB1 played a crucial role in the
pathogenesis of liver failure in patients with
chronic HBV infection. Thus, it may be an advisable way to treat liver failure by inhibiting
HMGB1 expression and improving the activity
of regulatory T cells [27].
MIP-2, a functional analogue of the human IL-8,
is produced by a variety of cell types such as
macrophages, fibroblasts, epithelial cells and
neutrophils. It showed a great deal of immunoregulatory and inflammatory activities accompanied by stimulant production including TNFα, IL-1 and histamine. Driscoll et al proposed
that MIP superfamily may contribute to the
pathogenesis of inflammatory lung disease by
presenting a significant role in respiratory tract
defenses [28].
NGAL is a member of the lipocalin family of proteins with small size and relative stability.
Mounting evidence points that it can modulate
oxidative stress and provide protection against
bacterial infection [30]. Schmidt-Ott et al indicated that it was considered as an early biomarker of renal failure since high expression of
NGAL in humans was in response to renal tubular injury [31]. Similarly, Bolignano et al reported that NGAL could closely reflect the entity of
acute kidney injury and present a strong risk
marker for progression of chronic kidney disease [32]. On this basis, NGAL has been investigated as a prognostic and diagnostic marker
in various diseases ranging from inflammation
to cancer [30].
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Cytokines are known to be relatively instable in
presence of the improper handling and storage
procedures followed by sample collection in
vitro. As is known to all, improper handling of
samples can change laboratorial outcomes or
data without reflecting biological situation [33].
Previous studies have investigated the effects
of temperature and time on the effects of certain cytokines. For example, no change was
noticed in sCD40L levels after storage at 4°C
for up to 48 h, while a significant loss was
revealed at 25°C after storage for 6-24 h [34].
Aziz et al suggested that TNF-α level was significantly lower at room temperature for 20 d compared to the samples stored at 4°C and -70°C.
Another study indicated that it was allowable
storage duration for 24 h with little or no influence on the variables of samples [35].
Consistent with the previous reports, our
results showed that most cytokines could
remain stable for a long term storage at or
below -80°C [10]. In addition to the frozen storage effect, the influence of time and temperature on measured cytokines levels showed that
these four cytokines were quite stable at 4°C
and 25°C over the various time points except
for significant degradation of NAGL (P<0.05)
and HMGB1 (P<0.05) at day 7 compared with
that of 9 h at room temperature. Besides, the
levels of each cytokine stored at 25°C was
higher than that stored at 4°C except CD163
which was higher at 4°C compared with the
samples stored at 25°C. For the effects of
repetitive freeze-thaw cycles on cytokines,
Keustermans et al [36] found that the levels of
cytokines were subjected to breakdown with
the increasing of the freeze-thawing cycles. de
Jager et al [10] suggested that although IL-6,
and IL-10 were stable throughout multiple
freeze thawing cycles, most cytokines levels
either rose or declined after one or more freezethawing cycles. Our results showed no statistical difference was noticed in the CD163, NGAL,
MIP2 and HMGB1 determined from samples
undergoing at least three freeze-thaw cycles
compared with those undergoing no freezethaw cycle.
To our knowledge, this was the first study to
investigate storage conditions that might affect
the cytokine profiles of CD163, NGAL, HMGB1
and MIP2 such as temperature, time and numbers of freeze-thaw cycles. We concluded that
these cytokines could remain stable at 4°C for
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short storage and within three freeze-thaw
cycles, which may provide an important basis
for future studies. However, it was irrefutable
that samples should be still stored at low temperatures and minimize freeze-thaw cycles in
order to maintain cytokine stability.
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