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In the pathogenesis of inflammatory diseases such as allergies, S100A8 acts as an important molecule and T 
lymphocytes are essential cytokine-releasing cells. In this study, we investigated the effect of S100A8 on release of 
cytokines, specifically MCP-1, IL-6, and IL-8 in T cells, and its associated signaling mechanism. S100A8 increased secretion 
of MCP-1, IL-6, and IL-8 in a time- and dose-dependent manner. Elevated secretion of MCP-1, IL-6, and IL-8 due to 
S100A8 was inhibited by the TLR4 inhibitor TLR4i, the PI3K inhibitor LY294002, the PKCδ inhibitor rottlerin, the 
ERK inhibitor PD98059, the p38 MAPK inhibitor SB202190, the JNK inhibitor SP600125, and the NF-κB inhibitor 
BAY-11-7085. S100A8 induced phosphorylation of ERK, p38 MAPK, and JNK in a time-dependent manner, and 
activation was suppressed by TLR4i, LY294002, and rottlerin. S100A8 induced NF-κB activation by Iκ-Bα degradation, 
and NF-κB activity was suppressed by PD98059, SB202190, and SP600125. These results indicate that S100A8 induces 
cytokine release via TLR4. Study of PI3K, PKCδ, MAPKs, and NF-κB will contribute to elucidation of the S100A8-
invovled mechanism. 
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INTRODUCTION 

 
S100A8, a calcium-binding protein, is included in the 

S100 protein family and induces a variety of physiological 
and pathological responses (Donato et al., 2013; Kim et al., 
2013). S100A8 is important in embryo development and is 
associated with myeloid differentiation. S100A8 also inhibits 
production of reactive oxygen species (ROS) and stabilizes 

generation of nitric oxide. Dysregulation of S100A8 is an 
essential step in the outbreak and aggravation of allergic 
diseases, autoimmune diseases, and malignant tumors (Jin 
et al., 2014; Kang et al., 2015; Zheng et al., 2015). Receptors 
binding to S100A8 are known as both TLR4 and RAGE. 
In particular, TLR4 functions as an essential receptor in 
S100A8-induced inflammation (Pruenster et al., 2015). 

T Lymphocytes regulate both innate and adaptive immune 
responses by secreting a variety of cytokines, including IL-6, 
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IL-8/CXCL8, and MCP-1/CCL2 (Tsai et al., 2011; Kang et 
al., 2014; Kim et al., 2015). Overexpression of these cyto- 
kines induces excess migration, proliferation, and differen- 
tiation, resulting in inflammation (Kang et al., 2015). We 
have recently reported that the house dust mite increases 
expression of IL-6, IL-8, and MCP-1 in normal and allergic 
lymphocytes, which results in inhibition of neutrophil apo- 
ptosis (Lee et al., 2016). 

 
MATERIALS AND METHODS 

Reagents 

RPMI 1640 and fetal bovine serum (FBS) were purchased 
from Life Technologies Inc. (Gaithersburg, MD). CLI-095, 
an inhibitor of Toll-like receptor (TLR) 4 (TLR4i), was 

purchased from Invivogen (San Diego, CA, USA). PI3K 
inhibitor (Ly294002), PKCδ inhibitor (rottlerin), MEK in- 
hibitor (PD98059), p38 MAPK inhibitor (SB202190), JNK 
inhibitor (SP600125), and NF-κB inhibitor (BAY-11-7085) 
were purchased from Calbiochem (San Diego, CA, USA). 
Antibodies against phospho-ERK1/2, phospho-p38 MAPK, 
phospho-JNK, Iκ-Bα, phospho-NF-κB, ERK1/2, p38 MAPK, 
JNK, NF-κB, β-actin were purchased from Santa Cruz 
Biotechnology (Santa Cruz, CA, USA). 

Cell culture 

Jurkat T cells were obtained from the American Type 
Culture Collection (Manassas, VA, USA) and were main- 
tained in RPMI 1640 medium with 10% heat-inactivated 
fetal bovine serum (FBS), penicillin (100 U/ml), and strepto- 

Fig. 1. DP induces the secretion of MCP-1, IL-6, and IL-8 in Jurkat T cells. (A) Jurkat T cells were incubated in the absence or presence
of 5 μg/mL S100A8 for the indicated time or (B) Jurkat T cells were incubated at the indicated concentrations of S100A8 for 48 h. The
supernatant was collected and analyzed by ELISA. *P < 0.05 and **P < 0.01 indicate a significant difference between the control and
S100A8-treated groups. 
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mycin (100 μg/ml). 

Enzyme-linked immunosorbent assay (ELISA) 

The concentrations of IL-6, IL-8, and MCP-1 in a cell 
supernatant were measured with a sandwich enzyme-linked 
immunosorbent assay (ELISA) using OptEIATM Set human 
IL-6, IL-8, and MCP-1 (BD Biosciences, San Diego, CA, 
USA) according to the manufacturer's instructions. 

Western blotting 

After being treated with arazyme, neutrophils were har- 
vested and then lysed in 50 μL lysis buffer (20 mM HEPES, 
400 mM NaCl, 1 mM EDTA, 1 mM EGTA, 25% glycerol, 
1 mM dithiothreitol, 0.1 mM Na3VO4, and protease in- 
hibitors). They were centrifuged at 12,000 g for 15 min at 
4℃. The protein samples (50 μg/lane) were separated by 
10% sodium dodecyl sulfate-polyacrylamide gel electro- 
phoresis and the proteins were transferred to nitrocellulose 
filters. The blots were incubated with primary and secondary 
antibodies, and then developed using the enhanced chemi- 
luminescence detection system (Amersham Pharmacia Bio- 
tech). 

NF-κB p65 transcription factor assay 

The DNA-binding activity of NF-κB was assessed using 
EZ-DetectTM transcription factor kits for NF-κB p65 (Pierce, 
Rockford, IL) according to the manufacturer's instructions. 
DNA binding specificity was assessed using wild type or 
mutant NF-κB oligonucleotides. Chemiluminescent detection 
was performed using a luminometer. 

Statistical analysis 

Data were expressed as the means ± SD. Statistical dif- 
ferences were analyzed using a paired t-test for two-group 
comparisons and one-way ANOVA for comparison of more 
than two groups. All analyses were conducted using the 
SPSS statistical software package (Version 10.0, Chicago, 
IL), and a P value < 0.05 was considered to indicate statistical 
significance. 

 
RESULTS AND DISCUSSION 

S100A8 increases secretion of MCP-1, IL-6, and IL-8 in 
Jurkat T lymphocytes 

In this study, we used Jurkat cells as an in vitro model 
for investigating the effect of S100A8 on cytokine release 
in T lymphocytes. As shown in Fig. 1, S100A8 significantly 
increased production of MCP-1, IL-6, and IL-8 in a time 
and dose-dependent manner (P < 0.05). Both MCP-1 and 
IL-8 trigger inflammatory responses by inducing migration, 
activation, and survival of monocytes and neutrophils (Kim 

Fig. 2. Cytokine secretion due to S100A8 is associated with
TLR4, PI3K, PKCδ, MAPKs, NF-κB. Jurkat T cells were pre-
treated for 1 h with and without TLR4i, and 10 μM Ly294002 (LY),
5 μM rottlerin (RT), 10 μM PD98059 (PD), 10 μM SB202190 (SB),
10 μM SP600125 (SP), and 10 μM BAY-11-7085 (BAY), after
which the cells were incubated for 48 h in the absence and presence
of S100A8 (5 μg/mL). The supernatant was collected and analyzed
by ELISA. *P < 0.05 and **P < 0.01 indicate a significant difference
between the control and S100A8-treated groups or between the
S100A8-treated and the inhibitor-treated groups. 
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et al., 2015). IL-6 is a pleiotropic cytokine, which is involved 
in inflammation after stimulation with an infectious antigen 
and allergen (van der Poll et al., 1997; Kim et al., 2014). 

These results indicate that S100A8 is associated with the 
inflammatory response mediated by T cells. 

 

Fig. 3. S100A8 induces MAPKs and NF-κB activation via TLR4, PI3K, PKCδ in Jurkat T cells. (A) Jurkat T cells were incubated with
S100A8 (5 μg/mL) for the indicated time. (B) Jurkat T cells were pre-treated for 1 h with and without TLR4i, 10 μM Ly294002 (LY), and
5 μM rottlerin, after which the cells were incubated for 30 min in the absence and presence of S100A8 (5 μg/mL). The harvested cells were
lysed and phosphorylation of ERK, p38 MAPK, and JNK in the lysates was detected by Western blotting. (C and D) Jurkat T cells were
incubated with S100A8 (5 μg/mL) for the indicated time after which harvested cells were lysed, and expression of Iκ-Bα and phosphorylation
of NF-κB in the lysates was detected by Western blotting. (E) Jurkat T cells were pre-treated for 1 h with and without 10 μM PD98059 (PD),
10 μM SB202190 (SB), and 10 μM SP600125 (SP), after which the cells were incubated for 2 h in the absence and presence of S100A8 (5 μg/
mL). After harvested cells were lysed, NF-κB in the lysates was detected by luciferase assay. Data are presented relative to the control, which
was set at 100%. *P < 0.05 indicates a significant difference between the control and S100A8-treated groups or the S100A8-treated and
inhibitor-treated groups. 
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DP induces release of MCP-1, IL-6, and IL-8 via acti- 
vation of TLR4, PI3K, PKCδ, MAPKs, and NF-κB in 
Jurkat T lymphocytes 

Since S100A8 induces cytokine secretion, we examined 
the associated signaling mechanism by using various 
signaling inhibitors. TLR4i, LY294002, rottlerin, PD98059, 
SB202190, SP600125, and BAY-11-7085 significantly sup- 
pressed secretion of MCP-1, IL-6, and IL-8 induced by 
S100A8 despite different degrees of inhibition (P < 0.05) 
(Fig. 2). These results show that the S100A8-mediated 
mechanism involves TLR4, PI3K, PKCδ, MAPKs, and 
NF-κB. As shown in Fig. 3A and B, S100A8 induced 
phosphorylation of ERK, p38 MAPK, and JNK, whereas 
activation was blocked by TLR4i, LY294002, and rotterlin, 
indicating that TLR4, PI3K, and PKCδ are upstream mole- 
cules of MAPK activation. S100A8 also activated NF-κB 
by Iκ-Bα degradation and NF-κB phosphorylation in a 
time-dependent manner (Fig. 3C and D). NF-κB activity 
due to S100A8 was inhibited by MAPKs such as PD98059, 
SB202190, and SP600125 (Fig. 3E). We previously reported 
that the house dust mite induces secretion of IL-6, IL-8, 
and MCP-1 via the PAR2/PI3K/Akt/ERK/NF-κB pathway 
in normal and allergic lymphocytes containing both B and 
T cells. This mechanism does not involve TLR4, although 
DP can activate TLR4 (Lee et al., 2016). However, this study 
shows that TLR4 is associated with cytokine expression 
due to S100A8 in Jurkat T cells. These differences may 
have various causes, including separation of B and T cells 
and the action of different stimulators. These findings shed 
new light on the complex mechanism induced by S100A8. 
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