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The S100 family proteins act as inducers of cancer cell apoptosis and inflammatory mediators. This study examined 
the pro-apoptotic mechanism caused by S100A8 and S100A9 in human FIP1L1-PDGFRα-positive eosinophilic leukemia 

cells. S100A8 and S100A9 elicited the death of EoL-1 cells in a time and dose-dependent manner. The activation of 
PDGFRα was suppressed by a decrease in PDGFRα after treatment with S100A8 and S100A9. Cycloheximide, a 
translation inhibitor, suppressed PDGFRα expression from 1 h to 5 h, and a co-treatment with S100A8 and S100A9 
boosted the decrease in expression. The phosphorylation and expression of STAT5 decreased after treatment with S100A8 
and S100A9 in EoL-1 and imatinib-resistant (EoL-1-IR) cells. S100A8 and S100A9 induced the chemotaxis of EoL-1 
cells but did not affect the chemoattraction of EoL-1-IR. These findings indicate the cell death mechanism due to S100 

family proteins and the development of leukemia therapy using S100A8 and S100A9. 
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S100A8 and S100A9 function as overarching factors in 

cell death on top of inflammation (Donato et al., 2013; 

Bresnick et al., 2015). S100A8 and S100A9 have bidirec- 

tional effects, depending on different situations; both proteins 

support cell survival or trigger cell death (Kim et al., 2017; 

Kim and Lee, 2018). In addition to the roles of extracellular 

S100A8 and S100A9, intracellular S100A8 or S100A9 

acts as a scavenger of reactive oxygen species (ROS) and 

enhances the telomerase activity after calcium binding 

(Goyette and Geczy, 2011). S100A8 and S100A9 were 

reported to suppress the survival of chronic eosinophilic 

leukemia cells and cause cell apoptosis (Lee et al., 2020). 

This study investigated the mechanisms further to consolidate 

the apoptosis of chronic eosinophilic leukemia cells. EoL-1 

cells were purchased from the Ricken Cell Bank (Tsukuba, 

Japan) and cultured in RPMI 1640 containing 10% fetal 

bovine serum and antibiotics. Imatinib-resistant EoL-1 cells 

(EoL-1-IR) were stably established after a consecutive treat- 

ment with 100 nM imatinib (Sigma-Korea, Seoul, Korea) for 

at least six months. The survival rate of the Eol-1-IR cells 

was more than 90% in the presence of 100 nM imatinib. 

Patients with acute myeloid leukemia (AML) (n=2) were 

recruited from the Eulji Medical Center (IRB No. 2017-06-

022). The leukocytes were isolated from the peripheral blood 

using Ficoll-Hypaque solution. A previous study used the 

RNAs from unstimulated EoL-1 cells in RT-PCR to detect 

FIP1L1-PDGFRα (Lambert et al., 2007). The primer se- 

quences used are as follows: forward 5'-ACC TGG TGC 

TGA TCT TTC TGA T-3' and reverse 5'-TGA GAG CTT 

GTT TTT CAC TGG A-3' in the first PCR, and forward 5'- 
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AAA GAG GAT ACG AAT GGG ACT TGT G-3' and 

reverse 5'-GGG ACC GGC TTA ATC CAT AG-3' in the 

second round of PCR. Recombinant S100A8 and S100A9 

proteins were produced using the protocol described else- 

where (Lee et al., 2020). The survival rate was evaluated 

using an MTT assay (Thermo Scientific, Waltham, MA, 

USA). For Western Blotting, the cells were lysed in CETi 

lysis buffer (TransLab, Daejeon, Korea), and the lysate was 

collected. The protein concentration of the lysate was evalu- 

ated using a BCA protein assay kit (Thermo Scientific) 

according to the manufacturer's instructions. The cell lysates 

were loaded on the gel, resolved by SDS-PAGE, and trans- 

ferred to nitrocellulose membranes. The blots were incu- 

bated with the primary and secondary antibodies, and the 

developed blots were visualized by Chemidoc (Bio-Rad, 

Hercules, CA, USA). A cell migration assay was performed 

Fig. 1. S100A8 and S100A9 suppress the expression and phosphorylation of PDGFRα in EoL-1 cells. (A). The total RNAs from EoL-1
cells were collected, and RT-PCR was conducted to detect the FIP1L1-PDGFRα gene. (B) EoL-1 cells were incubated with S100A8 and 
S100A9 at the indicated concentrations for the indicated time. The survival rate of the cells was evaluated using an MTT assay. *P < 0.05 
and **P < 0.01 indicate a significant difference between the control and stimulator-treated groups. (C and D) EoL-1 cells were pretreated 
without (C) or with (D) cycloheximide (CHX) and then incubated with S100A8 and S100A9 (10 μg/mL) for the indicated time. Expression
of the indicated proteins was evaluated using Western blotting. μ-actin was used as the internal control. 
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using a 48-well microchamber (Neuroprobe, Cabin John, 

MD) as previously elsewhere (Kim et al., 2005). PBS, 

S100A8, S100A9, or MCP-1 (R&D Systems, Minneapolis, 

MN, USA) were added to the lower wells. A fibronectin-

coated polyvinylpyrrolidone-free filter (Neuroprobe) with 

5 μm pores was placed on the lower wells, and the upper 

wells were filled with 50 μL of EoL-1 and EoL-1-IR cells at 

4×106 cells/mL. The chamber was then incubated for 5 h 

in a CO2 incubator. The filter was detached and stained with 

Giemsa stain (Sigma-Korea). The cells adhering to the lower 

surface of the polycarbonate filter were considered migrated 

cells and counted using a microscope. The EoL-1 cells were 

confirmed by the detection of the FIP1L1-PDGFRα gene 

(Fig. 1A). No expression of the fusion gene was observed 

in the leukocytes separated from AML subjection. The 

previous paper showed that S100A8 and S100A9 induce 

EoL-1 cell apoptosis (Lee et al., 2020). In this study, cell 

death was confirmed by an MTT assay, which matches with 

a previous one (Fig. 1B). S100A8 and S100A9 suppress 

the phosphorylation of PDGFR-α by decreasing PDGFR-α 

expression in a time-dependent manner (Fig. 1C). PDGFR-

α expression decreased gradually from 1 h to 5 h after a 

treatment with cycloheximide (Fig. 1D). Treatment with 

S100A8 and S100A9 blocked the expression more effect- 

ively during the inhibitory state of protein synthesis. This 

finding suggests that S100A8 and S100A9 are strongly 

related to the downregulation of PDGFR-α translation. The 

changes in the activation and expression of STAT 5, which 

is an important factor in the regulation of apoptosis, were 

examined to find another pro-apoptotic mechanism for 

S100A8 and S100A9 (Wu et al., 2012). S100A8 and S100A9 

blocked the expression and phosphorylation of STAT5 in 

EoL-1 and EoL-1-IR cells (Fig. 2A). Imatinib, a potent in- 

hibitor of leukemia cell survival (Qu et al., 2016), suppressed 

STAT5 activation without changing STAT5 expression (Fig. 

2B). The effects of S100A8 and S100A9 on STAT5 alter- 

ation may be accomplished using a different mechanism 

compared to imatinib (Fig. 3). If a stimulator is chemotactic 

to cancer cells and an inhibitor of cell survival, it can act as 

a powerful drug for cancer treatment. A chemotaxis assay 

was performed to determine the cell migration in response 

to S100A8 and S100A9. Both proteins are effective on 

EoL-1 cell migration. On the other hand, they had no effect 

on EoL-1-IR. Although S100A8 and S100A9 may induce 

the apoptosis of EoL-1 cells after chemoattracting the cells, 

they were effective on the apoptosis of imatinib-resistant 

cells without the induction of cell migration. The difference 

between both cells may be derived from different protein 

expression (Sung et al., 2018). 

 

Fig. 3. S100A8 and S100A9 elicit EoL-1 cell migration. EoL-1 
and EoL-1-IR cells were treated with PBS (Con), S100A8 (1 μg/
mL), S100A9 (0.1 μg/mL) and MCP-1 (10 ng/mL) in a 48-well 
microchamber and allowed to move for 5 h. The number of migrated
cells was counted under a microscope. *P < 0.05 and **P < 0.01 
indicate a significant difference between the control and stimulator-
treated groups. 

Fig. 2. S100A8 and S100A9 inhibits the expression and phos-
phorylation of STAT5 in EoL-1 and EoL-1-IR cells. (A and B) 
EoL-1 and EoL-1-IR cells were incubated with S100A8, S100A9 
(10 μg/mL) (A), and imatinib (indicated concentration) (B) for 72 h.
Phosphorylation and expression of STAT5 were evaluated using 
Western blotting. 
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