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Abstract

Fungal Keratitis (FK) is the main corneal infection that is resistant to antifugi drugs. Exploring new
agent will be important for the drug resistance and new infectious diseases. All-Trans-Retinoic Acid
(ATRA), a bioactive derivative of vitamin A, is immunoregulatary and anti-inflammation agent by
decreasing the expression of the pro-inflammatory cytokines and increasing the expression of anti-
inflammatory factors. The study was to investigate the potential role of ATRA to be a supplementary
method for the therapy of FK. The aim of this study was to investigate the role of ATRA Nanostructured
Lipid Carriers (NLC) in the zymosan induced cytokines (IL-17, ICAM-1, MIP-2, MCP-1 and Ip-10) by
Corneal Fibroblasts (CFs) and to investigate the characters of ATRA-NCL. ATRA-NLC was prepared
by the method of Emulsification process from scratch. ATRA-NCL concentration was calculated by
High Performance Liquid Chromatography (HPLC) method. ATRA-NCL physical stability was
observed. ATRA-NCL Cytotoxicity assay was performed by the detection of Lactate Dehydrogenase
(LDH). The role of ATRA-NCL on the release of IL-17, ICAM-1, MIP-2, MCP-1, IP-10 induced by
zymosan was examined by ELISA. The relative NF-KB-p65, P-ERK1, 2, P-IκBα cell signal pathway was
assayed by immune blot analysis. The mean diameter of ATRA-NLC was 200 nm. ATRA-NCL physical
stability study showed well at 4°C without precipitation and crystallization. The NLC particles were
dispersed well under the scanning electron microscope (S-4800). Scanning electron microscope image of
the ATRA particles were shown. ATRA-NCL showed no cytotoxic effect on KCs. ATRA-NCL inhibited
zymosan-induced IL-17, ICAM-1, MIP-2, MCP-1, Ip-10 release by CKs. ATRA-NCL inhibited NF-KB-
p65, P-ERK, P-IκBα signalling pathways induced by zymosan in KCs. ATRA-NLC can inhibit the
releasing of cytokines (IL-17, ICAM-1, MIP-2, MCP-1, Ip-10) induced by zymosan in CFs. It was
supplementary selection for the therapy of fungal keratitis.
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Introduction
Fungal Keratitis (FK) is a common inflammatory disease
characterized by pro-inflammatory, chemotactic and regulatory
cytokines releasing induced by fungi and its active factor.
Currently, some antifungal agents are commonly used to treat
FK. There are still some difficulties in the therapy of FK.
Drug-resistance can lead to the invasive fungi infection. Anti-
fungi agents may lead to secondary resistance to these agents
were noticed [1]. It is important to develop novel antibiotics
for the emergency of drug resistance and the spread of new

infectious diseases [2]. The potential anti-fungal targets for
patient-centered therapies and immune-enhancing strategies for
the prevention and therapy of invasive fungal diseases should
be explored [3]. A novel host-directed therapeutic strategy can
complement the current approach for combatting infections [4].
Immune cells play a key role in the inflammatory process.
Activated immune cells release pro-inflammatory cytokines
and chemokine’s. These proinflammatory factors cause
aggregation of monocytes and polymorphonuclear leukocytes
and release more inflammatory cytokines. Effectively
inhibiting the production of pro-inflammatory cytokines and
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reducing the production of inflammatory cytokines from
excessive inflammation is significantly important [5].
Zymosan, a polysaccharide cell wall component derived from
Saccharomyces cerevisiae, has been widely used as a model of
acute inflammation. Zymosan-induced recruitment of
monocytes and neutrophils can be used to study the effects of
anti-inflammatory drugs [6]. Zymosan induced the production
of Polymorphonuclear (PMN) immigration into the injury area.
This response was associated with increase in the level of the
chemokines Macrophage Inflammatory Protein (MIP)-1alpha,
MIP-2, Monocyte Chemo-Attractant protein (MCP)-1 and
cytokine-induced neutrophil chemo-attractant (KC),
Interleukin-10 (IL-10) [7]. Zymosan was used in our
experiment for the activation of fungi inflammation. All-Trans-
Retinoic Acid (ATRA), a bioactive derivative of vitamin A,
modulates immune responses by affecting T cells [8]. ATRA
has shown immunomodulatory effects in many immune
disorders. This effect was associated with a reduction in
IL-17A production [9]. ATRA ameliorates the inflammation by
decreasing the expression of the pro-inflammatory cytokines
and increasing the expression of anti-inflammatory factors
[10]. ATRA treatment ameliorates severity of uveitis and
reduces the Th1/Th17 responses [11]. ATRA was found to
have a promising regulatory effect on immune system and
inflammatory responses in experimental research. The
encapsulated ATRA has a higher potency over free ATRA in its
immunomodulatory activity and also has a significant impact
on reducing inflammation [12,13]. Our data suggest that water-
insoluble ATRA can be incorporated in Nanostructured Lipid
Carriers (NCL) well enough. In this study, we investigated the
impact of ATRA-NCL on the development of zymosan induced
cytokines and chemokines expression in CFs and the
pathophysiologic mechanisms by which ATRA might have
anti-inflammation effects in fungal keratitis. ATRA may
represent a new therapeutic agent for human fungal keratitis.

Materials and Methods

ATRA-NLC preparation
We prepared the ATRA-NLC by the method of Emulsification
process from scratch. In brief, Oil phase: Whales wax palm,
lecithin BHT 0.1 mg, oleic acid, soybean oil mixed and preheat
to 70°C. Water phase: Poly yamanashi resin and distilled water
preheat to 70°C. The water phase mixture and the oil phase
mixture with magnetic stirrer under the speed of 1400 RPM,
stir for 1 min. The pH value adjusted, then through 0.22 micron
filter membrane filtration sterilization was done. The mixture
was stored in dark sealed containers.

High performance liquid chromatography (HPLC)
testing
All-trans-retinoic-acid was determined by High Performance
Liquid Chromatography (HPLC) method. The size of C 18
reversed phase column is 5 μm, 150 × 5 mm. The composition
of mobile phase was detected at 342 nm, the pH value was 4.2.
The constitute ratio of mobile phase was as follows:

Acetonitrile (84.5%), water (15% ice), acetic acid (0.5%).
Sample amount was 20 mL, flow rate was 1.0 ml/min.

ATRA-NCL physical stability study
Precipitation and crystallization was observed at 4°C for one
month, at high speed centrifugation status and at high
hyperthermia conditions.

Scanning electron microscope observations
Appropriate ATRA-NLC dispersed liquid drop were put on
the silicon slide and then dried in the oven at 60°C. The status
and size of particles were observed under the scanning electron
microscope (S-4800).

ATRA-NCL cytotoxicity assay
KCs (2 × 104 per well) were seeded in a 96-well plate with
ATRA-NCL in MEM or without ATRA-NCL in MEM for 24
h. The amount of lactate dehydrogenase in the medium was
measured with the use of an assay kit. A cell lysis solution was
taken as positive control. Absorbance at 490 nm was measured.

Cell isolation
New England white rabbits (bodyweight 2.0 to 2.5 kg) were
got from Animal Department of Jilin University. This study
adhered to the ARVO Statement for the Use of Animals in
Ophthalmic and Vision Research and was approved by the
Animal Experimental Committee of Jilin University. Rabbit
Corneal Fibroblasts (CFs) were isolated as described
previously [14]. Briefly, the enucleated eye was washed with
DPBS containing antibiotic-anti-mycotic mixture, the
endothelial layers were removed mechanically, and the
remaining corneal tissue was incubated with dispase (2 mg/ml
in MEM) for 2 h at 37°C. The remaining tissue was treated
with collagenase (2 mg/ml in MEM) at 37°C until single-cell
suspension of CFs was obtained. The isolated CFs were
cultured under a humidified atmosphere at 37°C containing
MEM with 10% FBS. Proliferating cells were harvested for
experiments after four to seven passages in monolayer
culturing.

Assay of cytokines and chemokines release
30000/1 ml CKs cultured in 24-well plates for 1 d with serum-
deprived MEM alone. Serum-free CKs were incubated with or
without ATRA-NLC in the additional presence of Zymosan for
6, 12, 24 h. IL-17, ICAM-1, MIP-2, MCP-1, IP-10
concentrations were examined with the use of a cytokine assay
system. Standard proteins were dissolved in MEM for
producing of standard curves.

Immunoblot analysis
Immunoblot analysis of NF-KB-p65, P-ERK1, 2, P-IκBα was
also performed as described previously. In brief, cells (5 × 105
per well of a 24-well plate) were cultured for 24 h in serum-
free MEM and were then incubated first for 12 h with or
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without 0.01, 0.1 μmol/LATRA-NCL and then for 30 min in
the additional absence or presence of zymosan (500 μg/ml).
The cells were lysed, and the cell lysates (30 µg of protein)
were then subjected to immunoblot analysis. Data are
representative of three independent experiments.

Statistical analysis
Data are presented as mean values ± SD. All experiments were
repeated at least three times. Statistical analysis was performed
using SPSS19.0 statistical software for statistical analysis.
Dunnett T analysis was used to investigate the differences in
different groups. A P value of <0.05 was considered
statistically significant.

Results

ATRA-NLC concentration detection
ATRA-NLC linear relation between concentration and
peak area: The value of peak area was detected by HPLC.
ATRA-NCL showed good light resistance. The calculated
ATRA-NLC solution concentration was obtained by the
calibration curve (Figure 1).

Figure 1. ATRA-NLC linear relation between concentration and peak
area: The value of peak area was detected by HPLC.

ATRA-NCL physical stability study
The physical stability was well enough that no precipitation
and crystallization appeared after storage duration of one
month at 4°C. There was no solid precipitation presenting even
after 2 h centrifuge. The NCLs did not show resistant and
thermo curing to high temperature on 120°C.

Scanning electron microscopy results
The NLC particles were dispersed well, and the average
diameter was about 200 nm. ATRA-NLC particles dispersed in
liquid drop were put on the silicon slide and were dried in the
oven at 60°C. The status and size of particles were observed
under the scanning electron microscope (S-4800). Scanning
electron microscope image of the ATRA particles were shown.
The scale bars represent 300 nm (Figure 2).

Figure 2. The NLC particles were dispersed well, and the average
diameter was about 200 nm under the scanning electron microscope
(S-4800).

KCs cytotoxicity assay
KCs (2 × 104 per well) were seeded in a 96-well plate with
ATRA-NCL in MEM or without ATRA-NCL in MEM for 24
h. The amount of lactate dehydrogenase released into the
culture medium was then measured with the use of an assay kit
(Cyto Tox96® Non-Radioactive Cytotoxicity Assay).

Absorbance at 490 nm was measured. Cytotoxic effect was
assessed by LDH. The amount of LDH released from cells by a
cell lysis solution was determined as positive control (Figure
3).

Figure 3. KCs were seeded in a 96-well plate with ATRA-NCL in
MEM or without ATRA-NCL in MEM for 24 h. The amount of lactate
dehydrogenase was then measured with the use of an assay kit.
Absorbance at 490 nm was measured. Cytotoxic effect was assessed
by lactate dehydrogenase. Data is means ± SD from three
experiments. *p<0.05 compared to corresponding groups without
ATRA-NCL. ATRA-NCL showed no cytotoxic effect on KCs.

Effects of ATRA-NCL on zymosan-induced IL-17,
ICAM-1, MIP-2, MCP-1, Ip-10 release from CKs
The concentrations of IL-17, ICAM-1, MIP-2, MCP-1 and
Ip-10 in culture supernatants were calculated (Figures 4-8).
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Figure 4. Serum-deprived KCs were incubated in the absence or
presence of ATRA-NLC in the additional presence of Zymosan for 24
h. ICAM-1 concentration was examined with the use of a cytokine
assay system at 24 h. ICAM-1 concentration was inhibited by ATRA-
NCL at 24 h. †P<0.01 versus the corresponding value for cells
cultured with zymosan; *P<0.01 versus the corresponding value for
cells cultured alone (Dunnett T3).

Figure 5. Serum-deprived KCs were incubated in the absence or
presence of ATRA-NLC in the additional presence of Zymosan for 24
h. MIP-2 concentration was examined with the use of a cytokine
assay system at 24 h. MIP-2 concentration was inhibited by ATRA-
NCL at 24 h. †P<0.01 versus the corresponding value for cells
cultured with zymosan; *P<0.01 versus the corresponding value for
cells cultured alone (Dunnett T3).

Figure 6. Serum-deprived KCs were incubated in the absence or
presence of ATRA-NLC in the additional presence of Zymosan for 24
h. IL-17 concentration was examined with the use of a cytokine assay
system at 24 h. IL-17 concentration was inhibited by ATRA-NCL at
24 h. †P<0.01 versus the corresponding value for cells cultured with
zymosan; *P<0.01 versus the corresponding value for cells cultured
alone (Dunnett T3).

Figure 7. Serum-deprived KCs were incubated in the absence or
presence of ATRA-NLC in the additional presence of Zymosan for 24
h. IP-10 concentration was examined with the use of a cytokine assay
system at 24 h. IP-10 concentration was inhibited by ATRA-NCL at
24 h. †P<0.01 versus the corresponding value for cells cultured with
zymosan; *P<0.01 versus the corresponding value for cells cultured
alone (Dunnett T3).

Figure 8. Serum-deprived KCs were incubated in the absence or
presence of ATRA-NLC in the additional presence of Zymosan for 24
h. MCP-1 concentration was examined with the use of a cytokine
assay system at 24 h. MCP-1 concentration was inhibited by ATRA-
NCL at 24 h. †P<0.01 versus the corresponding value for cells
cultured with zymosan; *P<0.01 versus the corresponding value for
cells cultured alone (Dunnett T3).

Effects of ATRA-NCL on NF-KB-p65, P-ERK, P-
IκBα signalling pathways in KCs
The effects of ATRA-NCL on NF-ΚB-p65, p-ERK, P-IκBα
signalling pathways in KCs induced by zymosan: KCs were
incubated with or without ATRA-NCL (0.01, 0.1 μmol/L) for
24 h and then co-cultured with zymosan (500 µg/ml) for 30
min.

Immunoblot analysis showed that the levels of NF-KB-p65, P-
ERK1, 2, P-IκBα were increased by stimulation with zymosan.

Immunoblot analysis manifested the amount of NF-ΚB-p65, p-
ERK, P-IκBα could be inhibited by ATRA-NCL, as show in
Figure 9.
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Figure 9. The effects of ATRA-NCL on NF-ΚB-p65; p-ERK; P-IκBα
signalling pathways in KCs induced by zymosan. KCs were incubated
with or without ATRA-NCL for 24 h and then co-cultured with
zymosan. Immunoblot analysis manifested NF-ΚB-p65; p-ERK; P-
IκBα induced by zymosan were inhibited by ATRA-NCL in dose
manner.

Discussion
The proinflammatory cytokine Interleukin-17 (IL-17) is
produced by activated memory T lymphocytes but stimulates
innate immunity and host defence. IL-17 family members play
a role in inflammatory diseases, autoimmune diseases, and
cancer [15]. IL-17, mainly produced by neutrophils and CD4+

T cells in the corneas, is essential in the pathogenesis of
Candida keratitis [16,17]. The IL-17R is expressed by Human
Corneal Fibroblasts (HCF). IL-17A plays a protective role in
response to corneal infection, but is different from the
pathogenic role in autoimmune or chronic inflammatory
diseases contributing to both microbial clearance as well as
inflammation-associated tissue damage. Topical treatment with
polyclonal antibodies to IL-17 resulted in significant
reductions in corneal pathology and also lowered bacterial
counts after infection providing a promising new way for
therapy of corneal infections [18-20]. The adhesion molecule
ICAM-1 appears to play a significant role in development of
the severe pathology characteristic of P. Aeruginosa eye
infections, and is essential to margination of PMNs in
Staphylococcus aureus infection model [21,22]. The
expression of ICAM-1 was focally increased on keratocytes,
corneal endothelial cells, and vascular endothelial cells
(particularly at the site of lymphoid infiltration) in areas of
inflammation of diseased corneas [23,24]. Chemokine levels
and inflammatory cells (neutrophils, macrophages, dendritic
cells) recruitment will be considered aggravated organ injury in
inflammation process [25]. In our experiment, ATRA-NCL can
inhibit zymosan induced IL-17, ICAM-1, MIP-2, Mcp-1, Ip-10

releasing at 24 h. ATRA-NCL cannot inhibit cytokines and
chemokine’s releasing at the early stage. The data showed that
ATRA can decrease zymosan associated corneal tissue damage
in our experiment rather than inducing the cytokines responded
by immune cells in the early stage of inflammations. That
means ATRA can be an anti-inflammation agent in the therapy
of fungal keratitis. We demonstrate a simple and robust route to
fabricate nanoparticles and then show their efficacy through
ocular drug delivery in zymosan induced inflammatory
chemokines and cytokines releasing. NCL resulted in 200 nm
particles with Emulsification process. Collectively, our results
suggest that ATRA-NCL can target inflammatory cytokines
and chemokines levels such as IL-17, ICAM-1, MIP-2, Mcp-1,
Ip-10 induced by zymosan in CFs. Furthermore, ATRA-NCL
inhibited the phosphorylation of IκB and blocked the activation
of Nuclear Factor (NF)-κB and p-ERK induced by Zymosan.
ATRA-NCL showed no cytotoxic effect on KCs. NCL can
increase the bioavailability of ATRA thus opening the
possibility of future applications in the therapy of FK patients.
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