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Abstract
· AIM: To identify whether Aspergillus fumigatus (A.
fumigatus) hyphae antigens induced the release of
interleukin -8 (IL -8) in anti -fungal innate immunity of
cultured human corneal epithelial cells (HCECs) and
determine the involvement of intracellular signalling
pathways.

· METHODS: HCECs were treated with A. fumigatus
hyphae antigens with different concentrations and time.
The cytoplasmic calcium of HCECs were assessed by
fluorescence imaging. Western blot was used to detect
the expression of Ca2 +-dependent protein kinase C
(PKC). The IL -8 levels were determined by specific
human IL -8 enzyme -linked immunosorbent assay
(ELISA) and reverse transcriptase polymerase chain
reaction (RT -PCR). Using a series of pharmacological
inhibitors, we examined the upstream signalling pathway
responsible for IL -8 expression in response to A.
fumigatus hyphae antigens.

· RESULTS: Cells exposed to A. fumigatus hyphae
antigens showed higher level of IL -8 mRNA expression
and protein production. We demonstrated here that
stimulation of HCECs with A. fumigatus hyphae triggers
an intracellular Ca2 + flux and results in the activation of
Ca2 +-dependent PKC (琢, 茁 玉 and 茁 域 ) which can be
attenuated by pre -treatment of cells with laminarin,
suggesting that Dectin -1 signals pathway induced
cytoplasmic calcium and influence the activation of PKC
in HCECs. Inhibitors of Ca2 +-dependent PKC (Ro -31 -
8220 and Go6976) significantly abolished hyphae -
induced expression of IL-8.

·CONCLUSION: Our findings suggest that A. fumigatus

hyphae -induced IL -8 expression was regulated by the
activation of Dectin -1-mediated Ca2+-dependent PKC in
HCECs.

· KEYWORDS: Dectin-1; Ca2+; protein kinase C;

interleukin-8; corneal epithelium; Aspergillus fumigatus
DOI:10.3980/j.issn.2222-3959.2015.03.02

Peng XD, Zhao GQ, Lin J, Jiang N, Xu Q, Zhu CC, Qu JQ, Cong L, Li

H. Fungus induces the release of IL-8 in human corneal epithelial

cells, Dectin-1-mediated protein kinase C pathways.

2015;8(3):441-447

INTRODUCTION

F ungal keratitis (FK) is one of the most serious infectious
corneal disease and can more easily lead to blindness

than some other corneal diseases. Occurrence of FK is
caused by the interaction between fungal inflammatory
factors and host defense factors. Innate immune system
which participates in the defence against fungal infections
through pattern-recognition receptors (PRRs) is the first line
to resist the microbial infection. Aspergillus fumigatus (A.
fumigatus) is one of the major pathogens of FK [1]. Cell
surface receptor Dectin-1 played crucial role in the process
of recognition and response to A. fumigatus in human
corneal epithelial cells (HCECs)[2]. Dectin-1, a C-type lectin
receptor (CLR) which can identify 茁-glucan in the cell walls
of fungi, mediates a variety of fungal innate immune
response and triggers signal transduction [3]. This initiates a
cascade of inflammatory signal transduction events, including
infiltration of inflammatory cells (polymorphonuclear
neutrophils and monocytes/macrophages) [4], production of
cytokines [interleukin-6 (IL-6), tumor necrosis factor-琢
(TNF-琢) and interleukin-1茁 (IL-1茁)] and chemokine (IL-8)[5-6],
even triggers for the intracellular Ca2+ flux [7]. Ca2+

mobilization is one of the most important signaling events
after these antigen receptors engagement [8,9]. Stimulation of
dendritic cells (DCs) with particulate curdlan, which
specifically engages Dectin-1, triggers an intracellular Ca2+

flux that can be attenuated by a blocking anti-Dectin-1
antibody, suggesting that Dectin-1 signals induce Ca2+ flux in
DCs [7]. However, it is largely unknown that the effects of
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Dectin-1 have on intracellular Ca2+ flux with the stimulation
of fungi in HCECs.
The inflammatory response is necessary for corneal epithelial
cells to initiate host defense, kill and clear the invading
pathogens, such as fungi [10]. In response to fungal infections,
the expression and secretion of cytokines and chemokines,
including IL-8 which is a member of the CXC chemokine
family have been enhanced in HCECs [11]. IL-8 has been
suggested to act as an important mediator in FK, and high
level expression of IL-8 has been found in the FK patients[11].
These results indicate that IL-8 plays a major role in the
inflammation of corneal epithelium and innate immunity.
Protein kinase C (PKC) is composed of a family of
serine-threonine kinases that modulate the function of a
variety of signal transduction pathways controlling cell
growth, cell differentiation, and wound healing. Some
researchers have been reported that PKC participate in
mitogen-activated protein kinase (MAPK) cascade activation
and cytokine secretion after stimulation in various cell
types [12-14]. Furthermore, PKC are important signalling
intermediates in keratitis [15]. PKC, as a serine/threonine
protein kinase, can be classified into three groups based on
their regulatory domains: the classical PKC (琢, 茁 and 酌)
which are Ca2+ dependent and activated by diacylgylcerol
(DAG), the novel PKC (啄, 着, 浊, 滋 and 兹) which are Ca2+

independent but regulated by DAG and the atypical PKC
(孜 and 姿/咨) which are Ca2+ independent and do not require
DAG [12,16-18]. Previous studies have shown that the activation
of PKC intermediates IL-6, IL-8 and TNF-琢 production in
human bronchial epithelial cells and works as a critical
component of Dectin-1 signaling in different types of
cells [19- 21]. But in HCECs, only six different PKC isoforms
(PKC琢, PKC茁I, PKC茁II, PKC啄, PKC着, and PKC滋) have
been identified [16]. However, little is known about the role of
Ca2+-dependent PKC (琢, 茁I, 茁II) inducing the release and
gene expression of IL-8 in the innate immunity of HCECs to
A. fumigatus hyphae.
In the present study, we investigated that the participation of
Dectin-1 induced the intracellular Ca2+ flux in HCECs and
played a crucial role in the activation of the Ca2+-dependent
PKC (琢, 茁I, 茁II) in the innate immune response of HCECs
to A. fumigatus hyphae. In addition, our results indicated
that Dectin-1-mediated Ca2+-dependent PKC signalling
pathways induced the expression and secretion of IL-8 after
A. fumigatus stimulation in HCECs.
MATERIALS AND METHODS
Materials and reagents HCECs were given as a gift by
Zhongshan university. A. fumigatus strains (NO3.0772) was
purchased from China General Microbiological Culture
Collection Center; Sabouroud liquid culture was from
American Sigma company; Dulbecco modified Eagle
medium (DMEM), Ham F-12, fetal bovine serum (FBS),

insulin, human epidermal growth factor (EGF) and penicillin
and streptomycin were purchased from Solarbio (China);
RNAiso Plus was from TaKaRa (Dalian, Liaoning Province,
China); PrimeScript RT reagent Kit With gDNA Eraser
(Perfect Real Time) was from TaKaRa; Primers and SYBR
Premix Ex TaqTM (Tli RNaseH Plus) were from TaKaRa;
The Dectin-1 inhibitor-Laminarin was purchased from
Sigma. Ro-31-8220 (a pan inhibitor of PKC), Gottlerin6976
(Go6976) (a specific inhibitor of PKC琢/茁) and calphostin C
(a specific inhibitor of PKC-酌 isoform) were purchased from
Calbiochem (San Diego, CA, USA). Antibodies used for
confocal microscope were from AAT Bioquest. Antibodies
used for Western blot were as follows: from Abcam:
anti-PKC琢, anti-phospho-PKC琢; from Santa Cruz:
anti-PKC茁Ⅰ and anti-PKC茁Ⅱ , anti-phospho-PKC茁Ⅰ and
anti-phospho-PKC茁Ⅱ .
The preparation of A. fumigatus suspension conidia of A.
fumigatus were inoculated in Sabouroud liquid culture at
37℃ and 200 rpm for 2-3d. The mycelia recovered by
grinded were washed twice by sterile phosphate buffer saline
(PBS) and sterilized by 70% ethanol at 4℃ for 12h. Inactive
A. fumigatus mycelia was washed three times and added in
PBS. The mycelia suspensions were quantified using a
haemacytometer, and stored at -20℃ [22,23].
Cell Culture HCECs were cultured and maintained in
TCECs growth medium [1:1 DMEM/Hams F12 supplemented
with 5% FBS, 5 mg/mL insulin, 10 ng/mL human EGF and
50 mg/mL penicillin and streptomycin in a humidified 5%
CO2 incubator at 37℃ ] [24]. The medium was replaced every
2d before experiments. THCE cell suspensions of 1伊105/mL
were seeded in 12 or 6-well tissue culture plates and when
ninety percent of the cells were attaehed, the medium was
replaced.
Human Corneal Epithelial Cell Stimulation Assay
HCECs untreated were set as controls, anothers were added
with A. fumigatus hyphea (5 伊106/mL). Or HCECs were
treated with 0.3 mg/mL laminarin or the different
concentrations Ca2+-dependent PKC inhibitors for 30min
prior to A. fumigatus hyphae antigens stimulation in order to
block Dectin-1 and Ca2+-dependent PKC. After 30min or 8h
incubation, HCECs were harvested to detect the protein and
mRNA expression by western blot and reverse transcriptase
polymerase chain reaction (RT-PCR).
Calcium Imaging For analysis of cytoplasmic calcium,
HCECs which seeded on the glass-bottom culture dishes
(NEST) were labeled with Fluo-3 AM (5 滋mol/L; AAT
Bioquest) for 60min. To block Dectin-1, Fluo-3-loaded
HCECs were preincubated with laminarin for 30min at room
temperature. After resting for 30min, cells were stimulated
with A. fumigatus hyphea (5 伊106/mL) and cytoplasmic
calcium was monitored on a Leica TCS SPE confocal
microscope in real time for 6-8min. The images were
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acquired using Leica LAS software before and after A.
fumigatus hyphea were added for each condition. The
fluoresecence intensity were measured using Image J
software.
Western Blot Cells were lysed in RIPA buffer for 1h, and
then were centrifuged. After estimation of protein content,
addition of sodium dodecyl sulfonate (SDS) sample buffer,
and boiling, total protein was separated on 10% acrylamide
sodium dodecyl sulfate polyacrylamide gel electrophoresis
(SDS-PAGE) and transferred onto a polyvinylidene
difluoride membrane. The membranes were blocked with
5% bovine serum albumin (BSA) liquid, and then were
incubated with a monoclonal antibody to human 茁-actin, and
a monoclonal antibody to human primary antibody at 4℃
overnight. After washed in PBST for three times, the
membranes were incubated with corresponding
peroxidase-conjugated secondary antibodies at 37℃ for 1h.
Then the blots were developed using chemiluminescence
(ECL; Thermo Scientific).
Real -time Polymerase Chain Reaction RNAiso plus
reagent were used to extracte total RNA from samples
according to the manufacturer's protocol, and the RNA was
quantified by sprctrophotometry. The first strand cDNA was
synthesized by RT from total RNA . The real-time PCR was
performed in a Mx3005PTM system (Stratagene) with 20 滋L
reaction volume containing 2 滋L of cDNA. cDNA was
amplified by PCR using primers. 茁-actin was used as the
endogenous control. The thermocycler parameters were 95℃
for 30s, followed by 40 cycles of 95℃ for 5s and 60℃ for
30s. A melting curve was used to confirm the specificity of
the PCR products following each reaction. The Δ Δ CT
method was used for quantization of target gene products of
stimulated and unstimulated group. Data are expressed as
fold of increase in mRNA expression. Each experiment was
performed in triplicate. The double-stranded probes used are
as follow: the following primers were used TTTCAGAGAC
AGCAGAGCACACAA (forward) and CACACAGAGCTG
CAGAAATCAGG(reverse) for IL-8 (human); TGGCACCC
AGCACAATGAA(forward) and CTAAGTCATAGTCCGC
CTAGAAGCA (reverse) for 茁-actin (human) as
housekeeping gene.
Enzyme-linked Immunosorbent Assay Double-sandwich
enzyme-linked immunosorbent assay (ELISA) for human
IL-6 and IL-8 was performed, according to the
manufacturer's protocol, to determine the concentration of
IL-6 and IL-8 protein in conditioned media and culture cell
lysates from different treatments. Absorbance was read at
450 nm with a reference wavelength of 570 nm by a
VERSAmax microplate reader (Molecular Devices,
Sunnyvale, CA, USA).
Statistical Analysis All data were presented as mean依SD
from independent experiments. The data were analyzed using

SPSS19.0 statistical package. One-way ANOVA test was
used to make comparison among three or more groups, and
least-significant difference (LSD) was used to identify
between each two groups. <0.05 was considered to be
statistically significant.
RESULTS
IL-8 Production Induced by A. fumigatus Hyphae in a
Time - and Dose -dependent Manner To investigate A.
fumigatus hyphae-induced IL-8 protein secretion and mRNA
expression, hyphae-treated cells and supernatants were
analyzed by RT-PCR and ELISA. Cells exposed to A.
fumigatus hyphae (5伊105, 5伊106 and 5伊107/mL) followed by
incubation secreted IL-8, which was assessed at multiple
time points (2, 4, 8 and 16h) (Figure 1A). The level of IL-8
mRNA expression was elevated and peaked at 8h, and then
returned to decrease after hyphae stimulation (5 伊106/mL)
significantly. The maximal protein production was recorded
at 24h (Figure 1B). The data demonstrates that IL-8 protein
secretion and mRNA expression were induced by hyphae in
HCECs in a time- and dose-dependent manner.

Figure 1 The effect of hyphae on IL-8 production and mRNA
expression A: The RNAs from cells treated with different
concentrations of A. fumigatus hyphae (5伊105, 5伊106 and 5伊107/mL)
were harvested and used for RT-PCR; B: Cells were stimulated
with A. fumigatus hyphae at 37℃ . The supernatants were collected
and assayed for IL-8 by ELISA. The data represented the mean依SEM
of three separate experiments . a <0 . 05 versus control alone ;
b <0.01 versus control alone.
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Figure 2 Engagement of Dectin-1 elicits cytoplasmic calcium in HCECs. HCECs were loaded with Fluo-3 and stimulated with
5伊106/mL A. fumigatus hyphae A: DMEM; B: 5伊106/mL A. fumigatus hyphae; C: 5伊106/mL A. fumigatus hyphae in the presence of
0.3 mg/mL laminarin. Confocal image of HCECs showed cytoplasmic calcium expression (green stain). D: The corresponding results of
fluoresecence intensity were measured by Image J software. Magnifications 400伊. Calibration bar is 50 滋m. a <0.05 versus control alone;
b <0.01 versus control alone.

Cytoplasmic Calcium with the Stimulation of A.
fumigatus hyphae Induced by Dectin-1 Engagement in
HCECs It has been proved that Dectin-1 expressed in
HCECs, and A. fumigatus hyphae stimulation elevated the
expression of dectin-1 [25]. Since Ca2+ mobilization is one of
the most important signaling events in various types of cells,
we first investigated if the stimulation of A. fumigatus
hyphae could induce Ca2+ flux in HCECs. The stimulation of
HCECs by hyphae, which consist of 茁-glucan structure, led

to an induction of intracellular Ca2+ flux in these cells, even
the image of Ca2+ flux elicited by hyphae stimulation is
transient (Figure 2B). But someone might argue that the
nature of the Ca2+ flux is not elicited by the engagement of
Dectin-1 stimulation with A. fumigatus hyphae, because the
Ca2+ flux could be elicited by engagement of other pattern
recognition receptors (PRRs) such as toll-like receptor 2
(TLR2) and TLR4 [26,27]. To confirm whether the engagement
of Dectin-1 could induce Ca2+ flux in HCECs, we

Release of IL-8 Dectin-1 signaling in HCECs
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Figure 3 Engagement of Dectin-1 activates Ca2+-dependent PKC with stimulation of A. fumigates hyphae in HCECs A, B and C:
HCECs were treated with 5伊106/mL A. fumigatus hyphae for various times. The activation status of PKC琢, PKC茁Ⅰ and PKC茁Ⅱ were
determined by Western blot (WB), respectively. D, E and F: HCECs were preincubated for 30min with Dectin-1 inhibitor laminarin,
followed by treatment with hyphae for 30min. The activation of PKC琢, PKC茁Ⅰ and PKC茁Ⅱ was assayed by WB. Data shown were
representative of more than three independent sets of experiments. a <0.05.

preincubated the cells with laminarin, a soluble 茁-glucan that
could effectively inhibit the binding of fungi to Dectin-1 [28],
prior to stimulating them with A. fumigatus hyphae.
Laminarin could dampen the Ca2+ flux elicited by hyphae
treatment in HCECs, implying that stimulation through
Dectin-1 could indeed trigger Ca2+ signaling in these cells
(Figure 2C).
Ca2 +-dependent PKC Activated by the Engagement of
Dectin -1 It has been reported that expression of
Ca2+-dependent PKC (琢, 茁Ⅰ and 茁Ⅱ ) are identified in
HCECs [16]. But we wondered whether the engagement of
Dectin-1 could increase the activition of Ca2+-dependent PKC
in HCECs. To address this question, we stimulated HCECs
with A. fumigatus hyphae, and the data showed that HCECs
express Ca2+-dependent PKC, include PKC琢, PKC茁Ⅰ and
PKC茁Ⅱ . We found that the stimulation of HCECs with
hyphae led to the activation of PKC琢, PKC茁Ⅰ and PKC茁Ⅱ
as indicated by their phosphorylation status. The
phosphorylation of them was significantly increased after A.
fumigatus hyphae infection with a time-dependent manner,
and peaked at 30min (Figure 3A). In order to prove that
Dectin-1 take part in the activation of these enzymes by

treating HCECs with hyphae, we preincubated HCECs with
the Dectin-1 inhibitor laminarin before the stimulation and
data showed that this prior treatment could decrease the
expression of p-PKC琢, p-PKC茁Ⅰ and p-PKC茁Ⅱ (Figure 3B).
Thus, the data suggested that the engagement of Dectin-1
could activate Ca2+-dependent PKC with the stimulaton of
hyphae in HCECs.
Important Role of Ca2 +-dependent PKC in the
Production of IL -8 It has been shown that PKC plays a
key role in the regulation of IL-8 production in lung
fibroblasts[29]. To examine the impact of Ca2+-dependent PKC
in regulating hyphae-induced IL-8 production, HCECs were
pre-treated with pan-PKC inhibitor Ro-31-8220 (5 滋mol/L)
and the specific PKC-琢/茁 inhibitor Go6976 (1 滋mol/L) for
30min, and then stimulated with hyphae to evaluate their
contribution to specific PKC isoform on IL-8 production.
Following pre-treatment with Ro-31-8220 and Go6976, IL-8
production was significantly decreased (Figure 4A, 4B).
These results suggested that Ca2+-dependent PKC isoforms
could induce IL-8 production with the stimulation of A.
fumigatus hyphae.
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DISCUSSION
IL-8 is a potent proinflammatory cytokine that plays a major
role in infective corneal diseases such as FK. Patients with
FK tend to have higher expression of IL-8 [30]. Moreover,
various allergens such as cockroach, fungus, mite and
bacterium can stimulate HCECs to produce IL-8, following a
series of intracellular signalling pathways. Cytosolic Ca2+

release induced by chitinase and 茁-glucan in the cell walls of
fungi led to the up-regulation of IL-8 through the series of
PAR-2, phospholipase C/inositol 1,4,5-trisphosphate (IP3)
pathway in human airway epithelial cells[31]. In this study, we
investigated the effect of A. fumigates hyphae exposure on
HCECs, defined a role for activation of Dectin-1-mediated
Ca2+-dependent PKC as well as confirmed higher IL-8
production.
A. fumigatus hyphae elevated both mRNA expression and
protein secretion of IL-8 (Figure 1A, 1B). Our earlier study
suggested that A. fumigates hyphae could induce the
engagement of Dectin-1 in human corneal epithelial cells [25],
and expression of IL-8 could be elevated Dectin-1
signalling which can identify 茁-glucan in the cell walls of

fungi and mediate a variety of fungal innate immune
response and trigger signal transduction [3,30]. Another
interesting finding that arises from the current study is the
discovery that stimulation of HCECs with A. fumigatus
hyphae triggers an intracellular Ca2+ flux that can be
attenuated by pre-treatment of cells with the
Dectin-1-inhibitor laminarin, suggesting that Dectin-1 signals
induce intracellular Ca2+ flux in HCECs. It has been reported
that innate PRRs such as Dectin-1 and TLR2 could elicit
intracellular Ca2+ flux in DCs [7]. Our data indicate that
intracellular Ca2+ mobilization, as a mechanism of cellular
signaling in the immune system, is not confined to
lymphocytes, DCs and their antigen receptors. However, we
thought that only chemical inhibitor experiment is not
enough to explain the detailed mechanism of A. fumigates
hyphae triggered intracellular Ca2+ flux. It is possible that A.
fumigates hyphae triggering of Dectin-1 and other PRRs
(TLR2 or TLR4) together contribute to a more synergistic
activation of Ca2+ flux in HCECs. Thus, we are planning
further investigation of the related mechanism of cellular
signaling contribute to the induction of Ca2+ flux in HCECs
through additional experiments.
PKC which participate in MAPK cascade activation and IL-8
production after stimulation are vital signalling intermediates
in various cell types [12-14,19]. We prefered to study on the
Ca2+-dependent PKC (琢, 茁I, 茁II) from the three categories
based on above conclusion. Our studies have shown that A.
fumigatus hyphae exposure can result in the activation of
Ca2+-dependent PKC (Figure 3A, 3B, 3C). Treatment with
laminarin results in the expression of Ca2+-dependent PKC
decrease as does exposure with A. fumigatus hyphae (Figure
3D, 3E, 3F). It showed that A. fumigatus hyphae-induced
activation of Ca2+-dependent PKC was regulated by the
Dectin-1 pathway in HCECs.
Using pharmacological inhibitors against PKC, we
demonstrated that activation of Dectin-1-mediated
Ca2+-dependent PKC (琢, 茁I, 茁II) induced IL-8 production after
A. fumigatus hyphae challenged HCECs (Figure 4A, 4B). It
is well known that the participation of PKC after stimulation
is an important signalling intermediate in infective corneal
diseases like FK. Many studies have demonstrated that PKC
are potential candidates for the upstream activators of
MAPK/extracellular signal-regulated kinase (MEK) and
ERK [13,14,31-33]. But the entire related role of PKC in the
inflammatory response is little known. Thus, we are
intending to investigate the downstream mechanism of PKC
signalling pathways in follow-up experiments.
In conclusion, we have demonstrated that in HCECs A.
fumigatus hyphae-induced IL-8 production is regulated by
Dectin-1-mediated Ca2+-dependent PKC signalling pathways
in most extent. Further, we showed that A. fumigatus hyphae
could play as a potent trigger in signal transmission for the
production of proinflammatory chemokine IL-8 in HCECs.

Figure 4 The effect of Ca2 +-dependent PKC inhibitors on A.
fumigatus hyphae induce IL -8 production. Cells were pre -
treated with indicated concentrations of DMSO, Ro -31 -8220
and Go6976 for 30min prior to stimulation with 5伊106/mL A.
fumigatus hyphae A: The RNAs from cells treated with A.
fumigatus hyphae were harvested and used for RT-PCR. B: The
supernatants were collected and evaluated for IL-8 presence. The
data represented the mean 依SEM of three separate experiments.
a <0.05 versus hyphae alone; b <0.01 versus hyphae alone.
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