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[J5:] HEkR THP-1 M % BERF LR BERL 5 zymosan THRIBLL, F % > 71 Y 2B L U7 V= VARERHEE
whl, 14 s Hh A - 7EH A [tumor necrosis factor alpha (TNF-a), interleukin (IL)-6, interferon-
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gamma inducible protein (IP)-10 4] @4 % enzyme linked immunosorbent assay (ELISA) 3 X 0¥ multiplex

assay |2 & VA7, F7z, Syk KAEVERKIC B 5 1EH % Western blot 12 & 0 #EE L 72,

sksksk
| s 1
! skksk I
1,500 — I a 1
| % ]
I *k 1
|
k
g 1,000 — I P 1
*
E; #i’ " S 2k [ %’ * &
= L PY - ¢
3 (] ...
Z o .
= 500 —
Ay B
A
0 ——E§B— T T T T T T T T i T T T
Q 0O N S N D S AN O N N O N
OIPE S R SEN SR. SENCM NG S RN
‘i\) <¢\)Q Q\)Q @Q &6 $0 Qv QY”% QY%, @ § §

| Drug concentration (1g/mL) |
f Ty 1

Fig. 1. Effects of antimicrobial agents on TNF-a production in supernatants of zymo-
san-stimulated THP-1 cells.
THP-1 cells were incubated with zymosan (10 xg/mL) alone as a control. Zymosan-
stimulated THP-1 cells were treated with 1-30 ug/mL of antimicrobial agents (FLC,
MFG, CAS and MIN) for 4 h. The TNF-a levels in the supernatants of THP-1 cells
were determined by ELISA. Horizontal bars are the median of three independent ex-
periments. Unpaired two tailed t-test was used to evaluate whether differences be-
tween incubation with zymosan and antimicrobial agent versus zymosan only were
statistically significant. * P<<.05; * * P<.01; * * * P<.001; antimicrobial agent-treat-
ed versus untreated control. Zym, zymosan; FLC, fluconazole; MFG, micafungin;
CAS, caspofungin; MIN, minocycline.
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Fig. 2. Effects of CAS on cytokine and chemokine release in zymosan-
stimulated THP-1 cells.
THP-1 cells were incubated with or without zymosan (10 xg/mL).
Zymosan-stimulated THP-1 cells were then treated with 1-30 ug/mL
CAS for 4 h. Cytokine and chemokine levels including TNF-a, IL-15,
IL-6, IL-8, IP-10, MCP-1, MIP-1a, and MIP-1f in the supernatants
from zymosan-stimulated THP-1 cells were determined simultane-
ously using multiplex bead immunoassays. Horizontal bars are the
median of three independent experiments. * P<.05; * * P<.01; * * *

P<.001; CAS-treated versus untreated control. Zym, zymosan.
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Fig. 3. Signaling pathways in zymosan recognition.
Zymosan is recognized by PRRs. Membrane-bound PRRs include TLRs and CLRs [TLRs: TLR2, TLR4, and TLR6; CLRs:
dectin-1, dectin-2, Mincle, mannose receptor (MR), and galectin-3]. Binding to fungal pathogen-associated molecular
patterns including f-glucans, mannans, and chitins, such as zymosan, activates intracellular signaling pathways.

[#4#] Zymosan 10 ug/mL THI¥ L 72 THP-1 #ifgiz, 7 nvaF = (FLC), 3777 »F» (MFG) B
LA ART 7 F 2 (CAS) ZBMULIZE 2 A, REMKLFIZ TNF-o EAH 2RO 72 (Fig 1) SIER
30 ug/mL mINEEICT > b u— b & L, TNF-o FREASE 241 CAS 42%, MFG 38%, FLC 82% % T
BFL, 7V=NVREDF v 71 VRIEREICBWT, TNF-o #Hlzh R - 720 L6, IP-10 5D ¥ ¥
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HE L LT, p-38, extracellular signal-regulated kinase, c-Jun N-terminal kinase, inhibitor of nuclear factor-
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kinase 1 DY YFEALEHIHIL 72 (Fig 4)o & 512 zymosan fll#12 X % THP-1 fifai2 3517 5 TNF-a EEB L O
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LA NHA Y - r'AA VEEEAIICERRT 5 2 & AURE N Zymosan %512 & A RGN RAE DB
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Fig. 4. Effects of CAS Syk signaling pathways in zymosan-activated THP-1 cells.

THP-1 cells were incubated with or without zymosan (10 ¢g/mL) in the presence or absence of CAS (30 ug/mL) for 0, 1, 2,
and 4 h. Detergent-soluble lysates were analyzed by immunoblotting using the indicated antibodies. Molecular size markers
are indicated at the left of the figure in kDa. The results are representative of three independent experiments. CTR, control;
p-ERK, phosphorylated ERK; Zym, zymosan.
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Candida sepsis is considered to contribute to hypercytokinemia in both patients with severe infection and immu-
nocompromised condition. Past research has demonstrated that antibiotics and antifungals not only have antimicro-
bial efficacy but also affect the immune system. We previously examined whether immune cells were modulated by
antibiotics such as tetracyclines or macrolides. The modulation of cytokine/chemokine release from lipopolysaccha-
ride-stimulated cells by those agents was elucidated. However, few reports about the modulation of the immune sys-
tem by antifungal agents were found. In this study, the production of pro-inflammatory cytokines and chemokines
and signaling pathways involved were investigated in zymosan-activated THP-1 cells. The effects were examined
using antifungal drugs such as caspofungin (CAS), micafungin and fluconazole. Pro-inflammatory cytokine and che-
mokine levels were determined using enzyme linked immunosorbent assay (ELISA) and multiplex assay. Protein
phosphorylation was evaluated by western blot analysis. CAS significantly decreased zymosan-induced pro-inflam-
matory cytokine and chemokine release in THP-1 cells, as shown by ELISA and multiplex assay. In western blot
analysis, inhibitor of nuclear factor-kappa-B alpha, p38, c-Jun N-terminal kKinase, extracellular signal-regulated kinase,
and nuclear factor of activated T-cells phosphorylation and activation of caspase-1 that are found downstream of
C-type lectin receptors and interleukin-1 receptor-associated kinase 1/4 and transforming growth factor-beta-acti-
vated kinase 1 that are downstream molecules of Toll-like receptors and spleen tyrosine kinase (Syk) were downregu-
lated. The major underlying mechanism of pro-inflammatory cytokine and chemokine suppression by CAS is to
inhibit activation of Syk and its downstream signaling molecules. Based on the results, it can be concluded that CAS
activity possibly involves Syk signaling pathways and has potential to prevent hypercytokinemia in fungal sepsis.
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