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ABSTRACT. Measurements of cytokines in cell culture supernatants are widely used to evaluate the immune
response. Cytokine levels in secretomes are usually quantified using enzyme-linked immunosorbent assays (ELISA),
which have easy, sensitive, specific, rapid, cost-effective, and reproducible protocols. To our knowledge, the stability
of cytokines in secretomes has not been hitherto investigated. We present data that involve; time-dependent changes
during storage at +4°C, and the effects of freeze-thaw cycles in samples frozen at -80°C, instant freezing of samples
with liquid nitrogen, and addition of protease inhibitors on the stability of certain cytokines (TNF-o, MIP-2, IFN-vy,
IL-6, IL-10, IL-17A), in secrotomes of spleen and lymph nodes from tumor-bearing animals. Our results show
that IL-6 remains stable, MIP-2, IFN-vy and IL-10 are somewhat stable, while TNF-a and IL-17A are degradable
cytokines: instant freezing by liquid nitrogen or adding protease inhibitor does not preserve the stability of these
cytokines. From these results it can be concluded that, if possible, TNF-a measurements should be perform in fresh

samples, and IL-17A and IL-10 samples can be stored at -80°C, but should be used at the first thaw.
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Cytokines are a diverse group of soluble, low molecu-
lar weight proteins effective at picomolar concentrations.
Cytokines have short half-lives, hence they are primarily
secreted on demand to act immediately on target cells [1].
Because of their pleotropic effects on many different cell
types, accurate measurement of cytokine levels is crucial to
the understanding of the pathophysiology of a wide range
of diseases.

TNF-a is known as a potent pro-inflammatory cytokine
involved in inflammation, autoimmune diseases and can-
cer [2]. IFN-y seems to acts as a central regulator of
the many inflammatory responses, with both inhibitory
and stimulatory effects on the immune system [3]. IL-
10 has potent anti-inflammatory effects, and dysregulation
of IL-10 secretion contributes to many autoimmune and
inflammatory diseases [4]. IL-6 has pleiotropic effects
on inflammation, and overexpression of IL-6 has been
reported in a variety of autoimmune and inflammatory
diseases and hematologic malignancies [5]. IL-17A is
thought to be necessary for host defense against infec-
tions, and to play a role in autoimmune, inflammatory
diseases [6]. MIP-2 (IL-8 in humans), is a chemokine
that plays an important role in neutrophilic inflammatory
responses implicated in lung disease and metastasis [7].
These cytokines interact with one another in a complex
manner [8].

Stimulation of the cytokine responses of immune cells in
cell culture medium is used to evaluate immunity in sys-
temic diseases including cancer [9]. Cytokine levels are
usually measured using ELISA. ELISA protocols are easy
to perform and are highly sensitive and specific, allowing
rapid, cost-effective, and reproducible assays for quan-
tification of cytokines in secretomes [10, 11]. Because
several cytokines are often measured in cell cultures, stor-
age of the samples is often required, generally under
frozen conditions at —80°C. Previously published data,
examining the stability of cytokines in human samples,
suggested that freeze-thawing alters the stability of cer-
tain cytokines [12-14]. In the current study, we assessed
the stability of secreted cytokines in the supernatants
of stimulated mouse immune cells under different stor-
age conditions, measuring time-dependent changes during
storage at +4°C, as well as the effects of freeze-thaw
cycles on samples frozen at -80°C. We also examined
the effects of instant (snap) freezing of samples in liquid
nitrogen, and addition of protease inhibitors, on the sta-
bility of a panel of cytokines, specifically TNF-a,, MIP-2,
IFN-y, IL-6, IL-10 and IL-17A. Immune cell cultures from
tumor-bearing animals, which secrete large amounts of the
cytokines of interest, are routinely performed in our labo-
ratory, and were the samples used in the studies described
herein.
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METHODS

Animals and reagents

Female Balb/c mice, eight weeks old, were obtained from
Harlan (Israel) and kept under a 12 h light—dark cycle
and received a controlled diet. LPS, from Escherichia coli
026:B6 (LL8274) and ConA, from Canavalia ensiformis
(jack bean) (L7647) were purchased from Sigma-Aldrich
GmbH. Protease inhibitor Cocktail Tablets (05892791001)
were purchased from Roche Diagnostics GmbH. Reagents
for ELISAs of cytokines were purchased from BioLegend
for TNF-a (Cat. No. 430903), IFN-vy (Cat. No. 430803)
and, IL-17A (Cat. No. 432506), from BD for IL-6 (Cat.
No. 555240) and IL-10 (Cat. No. 555252), from Antigenix
America for MIP-2 (Cat. No. RMF431CK).

Mice injected with the 4TBM cancer cell line were used
[15]. 4TBM cells were cultured in vitro with DMEM-F12
medium, supplemented with non-essential amino acids,
5% fetal bovine serum (FBS), gentamycin (50 wg/mL),
2 mM I-glutamine (final concentration 4.5 mM), and 1 mM
sodium pyruvate. 4TBM cells (10° cells) were injected
orthotopically into the second, right chest mammary pad.
Animals were sacrificed 25-28 days following the 4TBM
injections. All protocols were approved and performed
under the supervision of Akdeniz University Institutional
Animal Care and Use Committee.

Mouse immune cell cultures

Mouse immune cell cultures were prepared from
tumor-bearing animals. Spleen and lymph nodes from
tumor-bearing animals were harvested from animals
bearing 4TBM breast carcinoma cells [15]. The cell sus-
pensions were prepared by gently pushing spleen or lymph
nodes through a disposable cell strainer (BD Biosciences)
inice-cold phosphate buffered saline (PBS). The cells were
washed twice in ice-cold PBS and centrifuged at 1600x g
for 3 min. Cells were resuspended in RPMI-1640 medium
containing 10% FBS, gentamycin (50 wg/mL) and 2x 107
M 2-mercaptoethanol, and cultured at 6 x 106 cells per well
in 24-well plates [16, 17], with stimulation using 3 pg/mL
LPS or 5 pg/mL ConA. Conditioned media were collected
16-20 hours after stimulation for TNF-«, and 36-40 hours
after for MIP-2, IFN-v, IL-6, IL-10, IL-17A, from six sep-
arate wells for each cytokine. Cytokines in an aliquot of
the conditioned media collected were measured immedi-
ately in order to determine levels before processing the
samples. The remainder of each sample was aliquotted
into eppendorfs to test the different storage conditions as
follows:

1. Kept at -80°C and defrosted multiple times

2. Kept at +4°C for various time intervals e.g. 48 h, 1 week,
2 weeks, 4 weeks.

3. Immediately frozen in liquid nitrogen.

4. Protease inhibitor added and kept at +4 °C.

Statistics

The results were statistically assessed by analysis of
variance (ANOVA). Multiple post-hoc differences were
checked by means of Dunnett’s or Tukey’s tests where
appropriate.
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Figure 1

Effect of storage duration at +4°C and freeze-thaw cycles on TNF-a
levels (p = 0.0007, one-way ANOVA). Data represented as the mean
concentration = SEM (¥*p<0.05, ** p<0.001, *** p<0.0001, Dun-
nett’s test).

RESULTS

Effects of storage length at +4°C and freeze-thaw
cycles on TNF-o levels

Measurement TNF-a levels revealed that TNF-a was
degraded within the first week of storage at +4°C. Levels
measured after one week’s storage at +4°C were decreased
by 47% compared to levels obtained immediately after har-
vesting the conditioned media (base-line measurements)
(from 784 =90 to 412 + 45 pg/mL, p < 0,001). Degrada-
tion of TNF-a after freezing at -80°C or in liquid nitrogen
was similar to storage at +4°C. Levels of TNF-a were
decreased by 40% in first thaw of samples kept at -80°C
(445 £ 57 compared to 784 £ 90 pg/mL, p < 0.01). Fur-
ther thaws did not markedly change the levels measured

(figure 1).

Effect of storage length at +4°C and freeze-thaw
cycles on IL-17A levels

Similar to TNF-a, IL-17A was also degraded upon storage
at +4°C (figure 2). Levels of IL-17A demonstrated a 42%
reduction following one week of storage at +4°C (644 £ 59
to 376 £ 33 pg/mL, p < 0.05). Storage at -80°C did not
alter the levels of IL-17A at first thaw. However, addi-
tional thaw cycles decreased IL-17A levels (second thaw:
216 £ 41; third thaw 97 & 6: compared to unthawed levels
644 £ 59 pg/mL, p < 0.001). IL-17A levels after freezing
in liquid nitrogen also decreased by 52% (310 % 90 pg/mL,
p<0.01).

Effect of storage length at +4°C and freeze-thaw
cycles on MIP-2 levels

MIP-2 levels remained stable within the first two weeks
of storage at +4°C, as well as following the first thaw of
samples kept at-80°C (figure 3). Freezing samples in liquid
nitrogen also did not alter MIP-2 levels. MIP-2 degradation
however, was observed four weeks after storage at +4°C
(35% reduction; 492 + 18 compared to 760 £ 50 pg/mL,
p < 0.001). Similar levels of degradation were observed
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Figure 2 Figure 4

Effect of storage duration at +4°C and freeze-thaw cycles on
IL-17Alevels (p=0.0001, one-way ANOVA). Datarepresented as the
mean concentration = SEM (¥*p<0.05, ** p<0.001, *** p<0.0001,
Dunnett’s test).

1000 1

Effect of storage duration at +4°C and freeze-thaw cycles on
IL-10 levels (p = 0.0001, one-way ANOVA). Data represented as the
mean concentration + SEM (¥*p<0.05, ** p<0.001, *** p<0.0001,
Dunnett’s test).
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Figure 3

Effect of storage duration at +4°C and freeze-thaw cycles on MIP-2
levels (p = 0.0001, one-way ANOVA). Data represented as the
mean concentration & SEM (¥p<0.05, ** p<0.001, *** p<0.0001,
Dunnett’s test).

after the second and third thawing of samples stored at
-80°C (second thaw: 577 &£ 53; third thaw 418 & 30: com-
pared to unthawed samples 760 + 50 pg/mL, p < 0.05 and
p < 0.001 respectively).

Effect of storage length at +4°C and freeze-thaw
cycles on IL-10 levels

IL-10 levels remained stable within the first week of stor-
age at +4°C as well as after the first thaw of samples kept
at -80°C. Freezing samples in liquid nitrogen did not alter
IL-10levels. IL-10 degradation was observed after the first
week of storage at +4°C and after the first thaw of samples
kept at -80°C (figure 4). Specifically, a 28% reduction was
observed two weeks after storage at +4°C (420 £ 16 com-
paredto 565 +36,p < 0.001). IL-10levels were reduced by
14% in samples thawed a second time (401 £ 21 compared
to 565 & 36 pg/mL, p < 0.001).
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Figure 5

Effect of storage duration at +4°C and freeze-thaw cycles on IFN-y
levels (p = 0.0067, one-way ANOVA). Data represented as the
mean concentration & SEM (¥p<0.05, ** p<0.001, *** p<0.0001,
Dunnett’s test).

Effect of storage length at +4°C and freeze-thaw
cycles on IFN-v levels

Levels of IFN-y were not affected by multiple freeze-thaw
cycles or during the first and second weeks of storage
at +4°C. IFN-vy degradation however, was observed four
weeks after storage at +4°C (36% reduction; 784 £ 19
compared to 504 + 65 pg/mL, p < 0.05), and freezing
in liquid nitrogen (35% reduction; 784 £ 19 compared to
511 &£ 58 pg/mL, p < 0.05) (figure 5).

Effect of storage length at +4°C and freeze-thaw
cycles on IL-6 levels

IL-6 was the most resistant to storage-induced degradation.
Levels of IL-6 were not affected by long-term storage at
+4°C, multiple freeze-thaw cycles, or by freezing in liquid
nitrogen (figure 6).
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Figure 6

Effect of storage duration at +4°C and freeze-thaw cycles on
IL-6 levels (p = 0.1199, one-way ANOVA). Data represented as the
mean concentration & SEM (¥p<0.05, ** p<0.001, *** p<0.0001,
Dunnett’s test).

Effect of protease inhibitor at +4°C on IL-10 levels

To evaluate whether the stability of the cytokines could
be increased by protease inhibitors, a protease inhibitor
cocktail was added to various conditioned media after
harvesting. The presence of protease inhibitors reduced
IL-10 levels measured one week after storage at +4°C
(164 £ 17 pg/mL compared to 565 £ 36 pg/mL,
p < 0.0001) (figure 7). As a result of these findings,
we tested the possibility that protease inhibitors affect
results by altering enzyme activity in two different ELISA
kits. When the protease inhibitors were added to stan-
dards in RPMI-1640 medium, levels of IL-10 and IFN-vy
decreased by 44 + 2% (mean &= SEM as %) and 31 &+ 6%
(mean £+ SEM as %), respectively.

DISCUSSION

The measurement of cytokines secreted from immune cells
in culture is widely used to evaluate immune response.
When measurement of multiple cytokines is required in
large scale experiments, storage of the samples is often
required. While several reports have recorded an impact of
storage on cytokine levels in human serum samples [12-
14], the stability of cytokines in cell culture supernatants
had not been previously investigated.

We have shown that there are marked differences in the
storage stability of certain cytokines. IL-6 was the most
resistant cytokine to storage-induced degradation. Levels
of IL-6 were not affected by long-term storage at +4°C,
multiple freeze-thaw cycles, or by freezing in liquid nitro-
gen. Similar findings have been reported in human serum
samples [13]. Also, in another study, IL-6 levels in human
plasma samples were not affected by addition of antico-
agulants at +4°C for 24 h [12]. MIP-2 was quite stable,
and remained intact up to four weeks at +4°C, and up to
the second freeze-thaw cycle. IFN-y was also quite stable,
being unaffected by freeze-thaw cycles. However, IFN-y
degradation was observed four weeks after storage at +4°C
and freezing in liquid nitrogen.
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Figure 7
Effect of protease inhibitor at +4°C on IL-10 levels (*** p<0.0001,
t-test). Data represented as the mean concentration + SEM.

The stability of TNF-a, IL-17A, and IL-10 was affected
by storage. Similar differences in the stability of cytokines
have been also reported elsewhere [18]. TNF-a was the
most labile, with degradation occurring under all storage
conditions used. Our findings on TNF-a stability dif-
fered from previous observations. TNF-a levels have been
reported to increase in human plasma samples after multi-
ple freeze-thaw cycles [13]. In another study [19], TNF-a
levels remained stable if stored at +4°C or frozen at -80°C
for 24 hours in human blood samples collected over EDTA.
IL-17A was the second most labile cytokine and remained
stable only up to the first thaw. Our findings on IL-17A
stability were similar to that which has been reported pre-
viously. Jager et al. demonstrated that IL-17A levels drop
after multiple freeze-thaw cycles in human blood samples
[18]. IL-10 degradation was observed after the first week
of storage at +4°C and the first thaw of samples kept at
-80°C. Studies on IL-10 in human serum samples demon-
strated stability under storage at +4°C for 21 days and even
following repeated freeze-thaw cycles up to four cycles
[14]. The differences seen between findings reported previ-
ously might reflect the effect of differences in the cytokine
milieu, plasma-versus-cell culture medium, which may,
in itself, affect the stability of cytokines. In addition, we
examined for the first time the effect of snap-freezing and
found that instant freezing in liquid nitrogen also alters the
stability of certain cytokines. Thus, while instant freezing
is used for RNA studies, this approach may not be appro-
priate for the preservation of protein structure and should
not be used for this purpose.

Lastly, we observed that protease inhibitors altered
cytokine levels, probably by impacting enzyme activ-
ity (horse radish peroxidase) in the ELISAs. Our results
demonstrated the interference of protease inhibitors with
the enzymatic reactions required for ELISA measure-
ments. It is likely that protease inhibitors in the samples
adhere to the ELISA plate and dissolve back during the
enzymatic reaction. Similar finding have been previously
reported for Substance P measurements [20].

In summary, our results demonstrated that IL-6 is sta-
ble; MIP-2 and IFN-y are somewhat stable; and TNF-a,
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IL-17A and IL-10 are markedly degradable cytokines in
secretomes. We conclude that TNF-a levels should be
determined in fresh samples, while IL-17A and IL-10 sam-
ples can be stored at -80°C, but should be measured after
the first thaw.

Disclosure. Financial support: none. Conflict of interest: none.
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