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S100A8 and S100A9 are associated with myeloid cell differentiation, chemotactic activities, adhesion of neutrophils, 
and apoptosis. In this study, we investigated the contribution of S100A8 and S100A9 to differentiation of the human 
eosinophilic leukemia cell line, EoL-1. S100A8 and S100A9 increased the number of vacuole per one cell and the 
protein expression of EPO and MBP. Rottlerin, an inhibitor of protein kinase C delta (PKCδ), inhibited the EoL-1 cell 
differentiation induced by S100A8 and S100A9. These results suggest that S100A8 and S100A9 may regulate the 
differentiation of eosinophilic progenitors. Moreover, these findings may shed light on elucidation of eosinophil 
differentiation due to S100 proteins. 
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S100A8 and S100A9, which belong to the S100 family 
of proteins, constitutively expressed in neutrophils and 
monocytes (Goyette and Geczy, 2011; Kerkhoff et al., 2012; 
Nam et al., 2016). These proteins act as damage-associated 
molecular pattern (DAMP) via receptor for advanced gly- 
cation endproducts (RAGE) or Toll-like receptor 4 (TLR4). 
Idiopathic hypereosinophilic syndrome (HES) is a rare mye- 
loproliferative disease that is distinguished from chronic 
eosinophilic leukemia (CEL) by the identification of clonality 
or by increased numbers of eosinophilic blasts (Gotlib et 
al., 2004; Tefferi et al., 2006). EoL-1 cells can be used as 
an in vitro model for research of this disease. Expression of 
S100A8 and S100A9 is related to with acute myeloid 
leukemia (AML) and acute lymphoblastic leukemia (ALL) 

(Spijkers-Hagelstein et al., 2012; Nicolas et al., 2011). 
However, the effects of S100A8 and S100A9 on the differen- 
tiation of eosinophils are currently unknown; therefore, this 
study investigated the effects of S100A8 and S100A9 on 
differentiation of human eosinophilic leukemia cells, EoL-1. 

EoL-1 cells were incubated in the absence or presence of 
butyric acid, S100A8 or S100A9 during 12 days, and were 
placed on a slide using a cytospin. The cells were air-dried 
and then stained with Wright stain. Finally, the cells were 
mounted with mounting solution and morphological changes 
in the cells were examined under light microscopy. EoL-1 
cells seeded into 6 well plates at 5 × 105 cells/well were 
cultured in RPMI 1640. After treatment with butyric acid 
for 12 days, the cells were harvested and washed with PBS 
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Fig. 1. S100A8 and S100A9 induce the differentiation of EoL-1 cells. (A) EoL-1 cells were treated without and with 0.1 μg/mL and 1 μg/
mL of S100A8 and S100A9, and 0.5 mM butyric acid (Buty) for 12 days. The cells were centrifuged using cytospin and stained with Wright
stain for observation of morphological change. The number of vacuoles per one cell was determined by counting at least 100 cells. (B)
Photograph of differentiated cells (×400). (C) EoL-1 cells were treated without and with 0.1 μg/mL and 1 μg/mL of S100A8 and S100A9,
and 0.5 mM butyric acid (Buty) for 12 days. The cells were harvested and analyzed using a fluorescence activated cell sorter with anti-EPO
or anti-MBP antibodies. Baseline fluorescence values were obtained by incubation with normal mouse IgG. Data are expressed as the means
± SD. *P < 0.05 and **P < 0.01 indicate a significant difference between the control and the S100A8, S100A9, or butyric acid-treated
group. #P < 0.05 and ##P < 0.01 indicate a significant difference between the butyric acid-treated group and the butyric acid/S100A8 or
butyric acid/S100A9-treated group. 
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buffer containing 0.5% BSA. Non-specific antibody binding 
was blocked by incubating the cells with normal rabbit IgG. 
The cells were separated into new tubes and PBS buffer 
containing anti-EPO or anti-MBP antibodies was added to 
each tube. After washing 3 times, the cells were incubated 
at 4℃ for 30 min with FITC-conjugated goat anti-mouse 
IgG. Finally, the cells were washed and analyzed using a 
Guava easyCyte Flow Cytometers (Merck Millipore, Darm- 
stadt, Germany). Here, we investigated whether S100A8 
and S100A9 affect alterations in eosinophil differentiation 
for the first time. S100A8 and S100A9 increased the number 
of vacuoles (Fig. 1A and B) and expression of EPO and 
MBP in EoL-1 cells during butyric acid-induced differen- 
tiation with or without statistical significance (Fig. 1C). As 
shown in Fig. 2, PKCδ activation was related to the differen- 
tiation induced by S100A8 and S100A9 because the differen- 
tiation was suppressed by rottlerin. In a previous study, 
Lkn-1 induced EoL-1 cell differentiation through PKCδ 
activation (Lee and Kim, 2010). PKC isoforms are important 
intracellular signaling molecules in cell differentiation, migra- 
tion, proliferation and activation (Steinberg, 2008). Also, 
the overexpression of PKCδ is associated with inhibition of 
proliferation and enhancement of differentiation in various 
cell lines (Wang et al., 2014; Chen et al., 2015). These 
findings suggest that S100A8 and S100A9 induce the dif- 
ferentiation of immature eosinophils through PKCδ activa- 

tion. It is still not known how S100A8 and S100A9 exert 
downstream signal after PKCδ activation. Major clinical 
features such as organ enlargement in patients with CEL is 
caused by increased CEL cells (Gotlib et al., 2004). We 
think that S100A8 and S100A9 play as essential factors in 
normal eosinophil differentiation, and both proteins may be 
useful as therapeutic drugs for the treatment of CEL by pro 
moting the differentiation of immature CEL cells. Further 
study is required to elucidate the exact relationship of dif- 
ferentiation induced by S100A8 and S100A9 and patho- 
genesis of CEL. 
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