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Abstract
· AIM: To explore the effects of lectin -like ox -LDL
receptor (LOX-1) on innate immunity against

( ) in mice cornea.

·METHODS: The mRNA levels of LOX-1 were tested in
normal and infected corneas of C57BL/6
and BALB/c mice. The expression of LOX -1, pro -
inflammatory cytokines TNF -琢, CXCL1 and IL -6, anti -
inflammatory cytokines IL -10, and matrix
metalloproteinase 9 (MMP9) were tested with treatment
with LOX -1 neutralizing antibody or control IgG in

infected corneas of C57BL/6. Macrophages
and neutrophils were extracted from susceptible C57BL/6
mice, and pretreated with LOX-1 neutralizing antibody or
IgG, then stimulated with . The mRNA levels
of LOX -1, TNF -琢, CXCL1, IL -6, IL -10 and MMP9 were
evaluated by polymerase chain reaction.

·RESULTS: The expression of LOX-1 was significantly
increased in C57BL/6 mice corneas after
infection compared with BABL/c mice. After treatment
with LOX -1 neutralizing antibody, the expression of
LOX-1, TNF-琢, CXCL1, IL-6, MMP9 and IL-10 in C57BL/6
corneas were significantly decreased compared with
treatment with control IgG; the expression of LOX -1,
CXCL1, IL -6 and IL -10 were significantly decreased in
macrophages, while TNF -琢 and MMP9 expressions had
no change; LOX-1, TNF-琢, CXCL1, IL-6, MMP9 and IL-
10 expressions were significantly decreased in
neutrophils.

·CONCLUSION: The expression of LOX-1 can affect the
expression of pro -inflammatory and anti -inflammatory
cytokines in fungal infected corneas, macrophages and
neutrophils of C57BL/6. LOX-1 inhibition rebalances the
inflammatory response of fungal keratitis in mice.
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INTRODUCTION

F ungal keratitis (FK) is caused by a variety of pathogenic
fungi [1], and ( . ) is

the most common pathogenic fungi [2-3]. Recently the
incidence of FK has been increased because of eye trauma,
long-term usage of antibiotic or corticosteroid, extended
usage of contact lens [2]. As a serious infectious corneal
disease, FK induced higher blindness rate than other corneal
diseases. Innate immune system is the first line to defense
against fungal infection, and participates in the defense
through pattern-recognition receptors (PRRs). PRRs mainly
include C-type lectin receptors (CLRs), Toll-like receptors
(TLRs) and nucleotide-binding oligomerization domain-like
receptors (NLRs)[4].
Lectin-like ox-LDL receptor (LOX-1) is one of type Ⅱ
membrane protein which belongs to the C-type lectin family,
and includes a short N-terminal cytoplasmic domain, a
trans-membrane domain and a C-terminal extra-cellular
domain. In 1997, Sawamara [5] found that LOX-1 is the
key receptor of ox-LDL in endothelial cells. LOX-1 is also
expressed in monocytes, platelets, smooth muscle cells, and
macrophages [6]. LOX-1 can be induced by lots of
pathological stimulus. According to the study of Honjo [7],
LOX-1 inhibition can reduce the inflammatory response, and
LOX-1 plays an important role in inflammation. LOX-1 can
trigger the oxidative stress response (ROS) which associated
with many of the inflammatory signals activation, such as
MAPK and nuclear factor-kappa B (NF-资B) [8]. There's no
study showed the role of LOX-1 in fungal infected corneas
of C57BL/6 mice and in fungal infected macrophages and
neutrophils. Therefore, this study explored the role of LOX-1
in inflammatory response of . keratitis and .

stimulated macrophages and neutrophils.
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MATERIALS AND METHODS
Mice and Reagents This study was supported by Qingdao
University and the experiment conformed to the ARVO
Statement for the Use of Animals in Ophthalmic and Vision
Research. Eight-week-old female C57BL/6 mice was
purchased from the Chang Zhou Cavens Laboratory Animal
Ltd. strains (NO3.0772) were purchased from
China General Microbiological Culture Collection Center;
Sabouroud medium was purchased from Babio biotech
(Jinan, Shandong Province, China); Delbeccon's modified
Eagle's medium (DMEM) and fetal bovine serum (FBS)
were purchased from Gibco (San Diego, California, USA);
thioglycollate medium was purchased from Hope
Bio-Technology Co., Ltd. (Qingdao, Shandong Province,
China); sodium thioglycollate was purchased from Xiya
Chemical Industry Co., Ltd. (Shanghai, China); goat
anti-mouse LOX-1 neutralizing antibody and goat IgG were
purchased from R＆D Systems (Minneapolis, MN, USA);
RNAiso Plus, PrimeScript RT reagent Kit with gDNA Eraser
(Perfect Real Time), primers and SYBR® Premix Ex TaqTM
were purchased from TAKARA (Dalian, Liaoning Province,
China).
Corneal Infection Mice were anesthetized by chloral
hydrate and magnified 40伊 using the stereoscopic microscope,
and diameter 2 mm scratch was made on central corneal
epithelium. The corneal surface was covered by

, and contact lens was placed. Eyelids were
sutured. Mice were examined at 1 and 3d post infection (p.i.)
to ensure corneas were infected.
Macrophages and Neutrophils Extraction Thioglycollate
medium (3 g) or sodium thioglycollate (3 g) was dissolved
by 100 mL distilled water, and liquid was stored at 4℃ after
high pressure sterilization. For macrophages extraction, 1 mL
3% thioglycollate medium was given by intraperitoneal
injection (i.p.) into C57BL/6 mice, and on 7d p.i. mice were
sacrificed by cervical dislocation. For neutrophils extraction,
1 mL 3% sodium thioglycollate was given i.p. into C57BL/6
mice, and after 3h, mice were sacrificed. Abdominal skin of
sacrificial mice was wiped by 75% alcohol and opened along
the middle line. Total 5 mL medium with syringe was
injected into mice abdominal cavity. Macrophages and
neutrophils were extracted by peritoneal lavage. Cell
suspensions were seeded in 12-well culture plates.
Cells Culture and Stimulation Macrophages and
neutrophils were extracted from susceptible C57BL/6 mice.
Cells were seeded in growth medium containing DMEM and
5% FBS. Cells suspensions (1 伊106/mL) were seeded in
12-well culture plates, then cultured in a humidified
incubator containing 5% CO2 at 37℃ . Macrophages and
neutrophils were stimulated by .
LOX-1 Neutralization Goat anti-mouse LOX-1 neutralizing
antibody (5 滋g/5 滋L) or control goat IgG (5 滋g/5 滋L) was

given to the left eyes of C57BL/6 mice by subconjunctival
injection the day before infection. Then corneas were
infected with 1d p.i. Macrophages and
neutrophils were pretreated with LOX-1 neutralizing
antibody (10 滋g/mL) or IgG (10 滋g/mL) for 2h, then
macrophages were incubated with for 12h
stimulation and neutrophils were incubated with

for 8h stimulation.
RNA Isolation and Real -time Reverse Transcription -
polymerase Chain Reaction Assay Normal and infected
corneas were removed at 0, 1 and 3d p.i.. Macrophages were
collected at 0, 4, 8, 12, 16, 20h stimulation, and neutrophils
were collected at 0, 4, 8, 12, 16h stimulation. After treatment
with LOX-1 neutralizing antibody or IgG, corneas were
removed at 1d p.i., macrophages were collected at 12h
stimulation, and neutrophils were collected at 8h stimulation.
RNA was separated from suspension by RNAiso plus reagent,
and then quantified using spectrophotometry rapidly. RNA
(1 滋g) was used for first-strand cDNA synthesis according to
the reverse transcription system. Then cDNA (2 滋L) was
used for polymerase chain reaction (PCR) in 20 滋L reaction
volume according to the manufacturer's instructions. cDNA
was diluted with diethylpyrocarbonate (DEPC)-treated water
according to 1:25 proportion. LOX-1, TNF-琢, IL-10,
CXCL1, IL-6 and MMP9 mRNA levels were tested by
real-time reverse transcription (RT)-PCR. Quantification of
mRNA expression was analyzed by threshold cycle (CT)
method compared with normalized by 茁-actin. In Table 1,
primer pairs sequences used for PCR are shown.
Statistical Analysis The data was expressed as the mean依
standard error of the mean (SEM). Data analysis of cells
stimulation at multiple time points was performed by
One-way ANOVA test using Graphpad Prism 3.0 software.
-test was used to analyze the data of LOX-1 expression in

corneas of C57BL/6 and BALB/c mice and the data of
corneas and cells treatment with LOX-1 neutralizing
antibody or control IgG. Values were considered to be
significant at <0.05.

Table 1 Nucleotide sequences of mouse primers for real-time RT-PCR 
Gene GenBank No. Primer sequence (5’-3’) 

F: GAT TAC TGC TCT GGC TCC TAG C 
β-actin NM_007393.3 

R: GAC TCA TCG TAC TCC TGC TTG C 
F: AGG TCC TTG TCC ACA AGA CTG G 

LOX-1 NM_138648.2 
R: ACG CCC CTG GTC TTA AAG AAT TG 
F: ACC CTC ACA CTC AGA TCA TCT T 

TNF-α NM_013693.2 
R: GGT TGT CTT TGA GAT CCA TGC 
F: CAC AAG TCC GGA GAG GAG AC 

IL-6 NM_031168.1 
R: CAG AAT TGC CAT TGC ACA AC 

F: TGC ACC CAA ACC GAA GTC 
CXCL1 NM_008176.3 

R: GTC AGA AGC CAG CGT TCA CC 
F: CTC TAC AGA GTC TTT GAG TCC GGC AG 

MMP9 NM_0113599.2 
R: TCA GGA ACT TCC AGT ACC AAC CGT C 
F: TGC TAA CCG ACT CCT TAA TGC AGG AC 

IL-10 NM_010548.2 
R: CCT TGA TTT CTG GGC CAT GCT TCT C 
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RESULTS
LOX-1 Expression in Cornea of C57BL/6 and BALB/c
Mice To investigate the expression of LOX-1 in corneas of
C57BL/6 and BALB/c mice after corneal
infection for 0, 1, 3d p.i., mRNA levels of LOX-1 was tested
in normal and infected corneas of C57BL/6 and BALB/c
mice by real-time RT-PCR. Results indicated that the mRNA
levels of LOX-1 (Figure 1, <0.05) was significantly higher
in corneas of C57BL/6 mice than BALB/c mice at 0, 1, 3d p.i.
C57BL/6 Mice Treatment with LOX -1 Neutralizing
Antibody Up-regulate LOX-1 Expression in Corneas of
C57BL/6 than BALB/c To investigate whether LOX-1 can
modulate the corneal infection in corneas of C57BL/6 mice,
C57BL/6 corneas were pretreated with LOX-1 neutralizing
antibody or IgG before infection, and then infected with

at 1d p.i. The mRNA levels of LOX-1 (Figure 2A,
<0.05); pro-inflammatory cytokines TNF-琢 (Figure 2B, <

0.01), CXCL1 (Figure 2C, <0.05) and IL-6 (Figure 2D, <
0.05); MMP9 (Figure 2E, <0.01); Anti-inflammatory
cytokines IL-10 (Figure 2F, <0.05) were significantly
decreased after LOX-1 neutralizing antibody treatment
compared with IgG treatment.
Effects of LOX -1 on Macrophages of C57BL/6 Mice
To investigate the expression of LOX-1 and other cytokines
after stimulation of macrophages, macrophages
were stimulated with for 0, 4, 8, 12, 16, 20h.
Compared with untreated macrophages, LOX-1 mRNA
levels (Figure 3A, <0.001, <0.05, <0.01) were
significantly increased at 8，12, 20h after stimulation. TNF-琢
mRNA levels (Figure 3B, <0.001, <0.01) and CXCL1
mRNA levels (Figure 3C, <0.001, <0.01) were
significantly increased at 12, 16h, while levels of IL-6
(Figure 3D, <0.001, <0.01) were significantly increased
at 8, 12h. MMP9 mRNA levels (Figure 3E, <0.05, <
0.001, <0.001) were significantly increased at 12, 16, 20h,
while IL-10 mRNA levels (Figure 3F, <0.01) were
significantly increased at 12h. To investigate the effect of
LOX-1 on macrophages, macrophages were pretreated with
LOX-1 neutralizing antibody or IgG for 2h, followed by
stimulation of for 12h. Data indicated that
mRNA levels of LOX-1 (Figure 4A, <0.05) were
significantly decreased in antibody treatment compared with
IgG treatment. Levels of pro-inflammatory cytokines CXCL1
(Figure 4C, <0.05) and IL-6 (Figure 4D, <0.05) mRNA
levels were significantly decreased, while TNF-琢 (Figure 4B)
mRNA levels showed no difference. MMP9 mRNA levels
(Figure 4E, <0.05) were significantly increased, while
anti-inflammatory cytokines IL-10 mRNA levels (Figure 4F,

<0.05) were significantly decreased.
Effects of LOX-1 on Neutrophils of C57BL/6 Mice To
investigate the expression of LOX-1 and other cytokines
after stimulation of neutrophils, neutrophils

were stimulated with for 0, 4, 8, 12, 16h. The
mRNA levels of LOX-1 and other cytokines were tested by
PCR. Compared with normal neutrophils, LOX-1 mRNA
levels (Figure 5A, <0.001, <0.01) were significantly
increased at 8, 12h. TNF-琢 mRNA levels (Figure 5B, <
0.001, <0.01, <0.01) were significantly increased at 4,
8, 12h, while CXCL1 mRNA levels (Figure 5C, <0.05,

<0.01, <0.01) were significantly increased at 8, 12, 16h.
Levels of IL-6 (Figure 5D, <0.05) were significantly
increased at 8h. MMP9 mRNA levels (Figure 5E, <0.001

<0.05, <0.01) were significantly increased at 8, 12,

Figure 1 induced mRNA expression of LOX-1
in corneas of C57BL/6 and BALB/c mice After infected with

for 0, 1, 3d, the mRNA levels of LOX-1 were
significantly increased in corneas of C57BL/6 mice than BALB/c
mice at 0, 1, 3d p.i. a <0.05.

Figure 2 Effects of LOX -1 neutralizing antibody treatment
on LOX -1, TNF -琢, CXCL1, IL -6, MMP9 and IL -10 in
C57BL/6 mice corneas Corneas of C57BL/6 mice treatment with
LOX-1 neutralizing antibody compared with IgG at 1d p.i. The mRNA
expression of LOX-1 (A), TNF-琢 (B), CXCL1 (C), IL-6 (D), MMP9
(E), IL-10 (F)were significantly decreased. a <0.05, b <0.01.
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16h, while IL-10 mRNA levels (Figure 5F, <0.001) were
significantly increased at 8h. To investigate the effect of
LOX-1 on neutrophils, neutrophils were pretreated with
LOX-1 neutralizing antibody or IgG for 2h, followed by

stimulation for 8h. The mRNA levels of LOX-1
(Figure 6A, <0.05) were significantly decreased in LOX-1
neutralizing antibody treatment compared with IgG
treatment. The levels of pro-inflammatory cytokines TNF-琢
(Figure 6B, <0.01), CXCL1 (Figure 6C, <0.001) and
IL-6 (Figure 6D, <0.05) were significantly decreased.
MMP9 mRNA levels (Figure 6E, <0.01) were significantly
decreased. Anti-inflammatory cytokines IL-10 mRNA levels
(Figure 6F, <0.001) were significantly decreased.
DISCUSSION
FK, a serious and infectious corneal ulcer disease, is
common in many developing countries [9-11]. As the first line,
innate immune response plays an important role in defense
against fungus. The research of FK innate immune

mechanism has a great significance to elucidate the
pathogenesis, and provides the direction and basis for
clinical treatment.
LOX-1 belongs to the C-type lectin family, and is expressed
in endothelial cells, monocytes, platelets, smooth muscle
cells, and macrophages. There was study showed that in
LOX-1 knockout mice with endotoxemia, the lung injury
was significantly reduced, and NF-资B activation was reduced
in lungs [12]. LOX-1 expression can affect downstream
inflammatory pathways[13-15]. After LOX-1 bound by pathogen-
associated molecular patterns (PAMPs), ROS is triggered
which leads to cell apoptosis by oxidative stress reaction and
plays an important role in inflammatory pathways, such as
NF-资B. The inflammatory pathways NF-资B promotes the
expression of pro-inflammatory cytokines, such as TNF-琢,
CXCL1 and IL-6. In addition to inflammatory pathways,
LOX-1 activation induces pro-angiogenic proteins, such as
MMP-9[16-19].
In this study, LOX-1 expression was significantly
unregulated in mice corneas after infected and
significantly higher in C57BL/6 than BALB/c, explaining
that LOX-1 possibly participated in the inflammatory
infection. Study of Zou [20] had showed that the corneal
transparency of C57BL/6 mice was lower than BALB/c mice
after corneas infection, and C57BL/6 corneas contained

Figure 3 LOX-1, TNF-琢, CXCL1, IL-6, MMP9 and IL-10
mRNA expression induced by stimulation in
macrophages extracted from C57BL/6 mice Macrophages were
infected with and mRNA expressions were evaluated
at 0, 4, 8, 12, 16 and 20h. A: Compared with normal macrophages,
the mRNA expression of LOX-1 was significantly increased in the
infected cells at 8, 12, 20h; B: The mRNA expression of TNF-琢 was
significantly increased in the infected cells at 12, 16h; C: The mRNA
expression of CXCL1 was significantly increased in the infected
cells at 12, 16h; D: The mRNA expression of IL-6 was significantly
increased in the infected cells at 8, 12h; E: The mRNA expression
of MMP9 was significantly increased in the infected cells at 12, 16
and 20h; F: The mRNA expression of IL-10 was significantly
increased in the infected cells at 12h. a <0.05, b <0.01, c <0.001.

Figure 4 Effects of LOX -1 neutralizing antibody treatment
on LOX -1, TNF -琢, CXCL1, IL -6, MMP9 and IL -10 in
macrophages of C57BL/6 Macrophages treated with LOX-1
neutralizing antibody compared with IgG at 12h. A: The mRNA
expression of LOX-1 was significantly decreased; B: The mRNA
expression of TNF-琢 showed no difference; C: The mRNA
expression of CXCL1 was significantly decreased; D: The mRNA
expression of IL-6 was significantly decreased; E: The mRNA
expression of MMP9 was significantly increased ; F: The mRNA
expression of IL-10 was significantly decreased. a <0.05.
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fewer pathogens than BALB/c corneas. To explore the role
of LOX-1 in inflammatory response of FK, LOX-1
neutralizing antibody was used to treat C57BL/6 corneas.
The data showed that the expression of LOX-1 was inhibited
and significantly decreased after treatment with neutralizing
antibody compared with control IgG. It has been known that
LOX-1 activation can induce the pro-inflammatory pathways
NF-资B which promotes the expression of pro-inflammatory
cytokines. Data analysis showed that the expression of
pro-inflammatory cytokines TNF-琢, CXCL1 and IL-6 were
also significantly decreased. The result is similar to Wu [21]

whose study proved the inflammatory response and lung
injury caused by sepsis induction decreased in LOX-1
knockout mice. It explained that LOX-1 inhibition can
reduce pro-inflammatory cytokines expression in inflammatory
response. The expression of inflammatory indicator MMP9
was also significantly decreased. The study of Li [22]

showed that stronger LOX-1 signals increased the expression
of MMP9 in atherogenic mice. IL-10 is an anti-inflammatory
cytokines which can down-regulated inflammation and
antagonize inflammatory mediators. IL-10 expression was
significantly decreased after treatment with LOX-1
neutralizing antibody compared with control IgG.

, macrophages and neutrophils were extracted from
C57BL/6 mice. To explore the effects of LOX-1 on
macrophages and neutrophils, cells were pretreated with
LOX-1 neutralizing antibody or IgG for 2h. Then cells were
stimulated for 8h (macrophages) and 12h (neutrophils)
which based on the result of cells stimulation at multiple
time points. The data showed that LOX-1, CXCL1, IL-6, and
IL-10 expressions were significantly decreased in
macrophages; LOX-1 and inflammatory cytokines
expressions were significantly decreased in neutrophils.
These results were consistent with . The study of Lee

[23] showed that pro-inflammatory cytokines expression
IL-6 was significantly increased in human umbilical vein
endothelial cells treatment with LOX-1 key ligand ox-LDL
compared with control cells. And in research of
Gonz佗lez-Chavarr侏a [24] has explained that ox-LDL
increases the expression of MMP9 in prostate cancer cells. It
explained that inflammatory cytokines expressions reduced
after LOX-1 inhibition.

Figure 5 LOX-1, TNF-琢, CXCL1, IL-6, MMP9 and IL-10
mRNA expression induced by stimulation in
neutrophils extracted from C57BL/6 mice Neutrophils were
infected with , and mRNA expression was evaluated at
0, 4, 8, 12 and 16h. A: Compared with normal neutrophils, the
mRNA expression of LOX-1 was significantly increased in the
infected cells at 8, 12h; B: The mRNA expression of TNF-琢 was
significantly increased in the infected cells at 4, 8 and 12h; C: The
mRNA expression of CXCL1 was significantly increased in the
infected cells at 8, 12 and 16h; D: The mRNA expression of IL-6
was significantly increased in the infected cells at 8h; E: The
mRNA expression of MMP9 was significantly increased in the
infected cells at 8, 12 and 16h; F: The mRNA expression of IL-10
was significantly increased in the infected cells at 8h. a <0.05,
b <0.01, c <0.001.

Figure 6 Effects of LOX -1 neutralizing antibody treatment
on LOX -1 TNF -琢, CXCL1, IL -6, MMP9 and IL -10 in
neutrophils of C57BL/6 LOX-1 neutralizing antibody treatment
compared with IgG at 8h. A: The mRNA expression of LOX-1 was
significantly decreased; B, C, D: The mRNA expression of TNF-琢,
CXCL1 and IL-6 were significantly decreased; E: The mRNA
expression of MMP9 was significantly decreased; F: The mRNA
expression of IL-10 was significantly decreased. a <0.05, b <0.01,
c <0.001.
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In conclusion, LOX-1 participates in the innate immune
system against fungal infections in mice, and LOX-1
inhibition can reduce the inflammatory response.
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