
708

·Basic Research·

High-mobility group box1 as an amplifier of immune 
response and target for treatment in Aspergillus 
fumigatus keratitis

Meng-Qi Wu, Cui Li, Li-Na Zhang, Jing Lin, Kun He, Ya-Wen Niu, Cheng-Ye Che, Nan Jiang, 
Jia-Qian Jiang, Gui-Qiu Zhao

Department of Ophthalmology, the Affiliated Hospital of 
Qingdao University, Qingdao 266003, Shandong Province, 
China
Co-first authors: Meng-Qi Wu and Cui Li
Correspondence to: Cui Li and Gui-Qiu Zhao. Department of 
Ophthalmology, the Affiliated Hospital of Qingdao University, 
16 Jiangsu Road Qingdao, Qingdao 266003, Shandong Province, 
China. Yankelicui@126.com; Zhaoguiqiu_good@126.com
Received: 2019-12-03        Accepted: 2020-03-12

Abstract
● AIM: To determine the roles of high-mobility group box1 
(HMGB1) in pro-inflammation, host immune response and 
its potential target for treatment in Aspergillus fumigatus 
(A.fumigatus) keratitis.
● METHODS: Expression of HMGB1 was tested in C57BL/6 
normal and infected corneas. Dual immunostaining tested co-
expression of HMGB1 with TLR4 or LOX-1. C57BL/6 mice were 
pretreated with Box A or PBS and then infected. Clinical 
scores, polymerase chain reaction, ELISA, and MPO assay 
were used to assess the disease response. Flow cytometry 
were used to test the effect of Box A on reactive oxygen 
species (ROS) expression after A.fumigatus stimulation in 
polymorphonuclear neutrophilic leukocytes (PMN). C57BL/6 
peritoneal macrophages were pretreated with Box B before 
A.fumigatus stimulation, and MIP-2, IL-1β, TNF-α, HMGB1 
and LOX-1 were measured. Macrophages were pretreated 
with Box B or Box B combined with Poly(I) (an inhibitor of 
LOX-1) before stimulating with A.fumigatus, and MIP-2, IL-1β, 
TNF-α, LOX-1, p38-MAPK, p-p38-MAPK were measured. 
● RESULTS: HMGB1 levels were elevated in C57BL/6 
mice after infection. HMGB1 co-expressed with TLR4, and 
LOX-1 in infiltrated cells. Box A vs PBS treated C57BL/6 
mice had lower clinical scores and down-regulated corneal 
HMGB1, MIP-2, IL-1β expression and neutrophil influx. 
Box B treatment amplified expression of MIP-2, IL-1β, 
TNF-α, HMGB1 and LOX-1 that induced by A.fumigatus in 
macrophage. Compared to the treatment of Box B only, the 
protein expression of IL-1β, TNF-α showed inhibition of Box B 

combined with Poly(I), which also reduced the A.fumigatus-
evoked protein level of LOX-1 and phosphorylation level of 
p38-MAPK. The production of A.fumigatus-stimulated ROS 
was significantly declined after Box A pretreatment in PMN.
● CONCLUSION: Blocking HMGB1 reduces the disease 
response in C57BL/6 mice. HMGB1 can amplify the host 
immune response through p38-MAPK, and is a target for 
treatment of A.fumigatus keratitis.
● KEYWORDS: fungal keratitis; HMGB1; mice; macrophage; 
polymorphonuclear neutrophilic leukocytes
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INTRODUCTION

F ungal keratitis (FK) is a serious ocular infectious 
disease with a high rate of blindness in most developing 

countries. The infection has become the leading cause of 
the infectious keratitis in most areas of China due to its 
high incidence and the unavailability of specific antifungal 
agents[1-2]. The treatment of FK remains a very tricky problem. 
The innate immune response of the host to infection is 
considered as the first defense line to identify and combat 
various microbial infections[3]. Pattern recognition receptors 
(PRRs), as the major part of innate immunity, could 
immediately identify the pathogen associated molecular 
patterns (PAMP), and then mediate the adhesion, absorption 
and eradication of the pathogen via infiltration of immune 
cells such as neutrophils and production of cytokines [e.g., 
interleukin-1β (IL-1β), tumor necrosis factor-α (TNF-α)], and 
chemokines (e.g., CXCL-1, CXCL-2)[3].
In recent years, more and more attention has been attracted by 
damage associated molecular pattern (DAMP) molecules. As 
a prototypicalarmin, the high-mobility group box1 (HMGB1) 
is well-known DAMP[4]. HMGB1 can be secreted by activated 
immune cells such as monocytes, macrophages, dendritic cells 
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(DCs) , natural killer (NK) cells and released by damaged or 
necrotic cells[5]. Upon cell activation, HMGB1 has cytokine 
and chemokine activities and involves in inflammasome 
activation[6]. HMGB1 which can mediate various cellular 
reactions binds to PRR of cell-surface, such as the receptor for 
advanced glycation end (RAGE) products, Toll-like receptor2 
(TLR2) and TLR4[7]. HMGB1 can affect the functions of 
immune cells such as T lymphocytes, macrophages, DCs, and 
NK cells. HMGB1 is responsible for excessive intensification 
of the inflammatory response[8]. Box A, a conserved DNA-
binding domain of HMGB1, plays a role in anti-inflammation 
and acts as a specific antagonist of HMGB1. For another, Box 
B, a domain attached to the acidic tail of HMGB1, is correlated 
with the cytokine activity of full length HMGB1 through 
stimulating the release of various pro-inflammatory cytokines 
such as TNF-α[6,9].
HMGB1 regulates inflammation in various infections and 
its level is correlated to severity of infections[10]. Recent 
studies showed that anti-inflammatory action is accompanied 
by inhibition of HMGB1 during zymosan stimulation of 
macrophages[8]. HMGB1 also contributes to extensive 
inflammatory responses[11]. HMGB1 inhibition can alleviate 
the disease response. HMGB1 inhibitor, thrombomodulin, 
showed therapeutic effects through increasing synthesis of 
TGF-β and IL-10 in the lungs in severe acute respiratory 
distress syndrome [12]. Patel et al[13] showed that the pathology 
of mice infected with Pseudomonas aeruginosa (P.aeruginosa) 
can be alleviated by treating with a neutralizing anti-HMGB1 
antibody, such as bacterial counts decreased , injury eased, and 
the number of neutrophils declined in the lungs. Anti-HMGB1 
treatment also can protect against sepsis lethality[7]. Recent 
studies showed that blocking HMGB1 directly promoted 
better resolution of keratitis by reducing pro-inflammatory 
mediator expression and HMGB1 knockdown also decreased 
polymorphonuclear neutrophilic leukocytes (PMN) number in 
infected cornea[14-15].
Mitogen-activated protein kinase (MAPK) signal transduction 
pathways play a critical role in inflammation[16-17]. Recently, 
many studies proved that the inflammatory amplification of 
HMGB1 is easier to activate the phosphorylation of p38-
MAPK[18-20]. However, the relationship between HMGB1 and 
p38-MAPK pathway is still unclear.
Reactive oxygen species (ROS), generated during oxidative 
metabolism, contribute to cellular homeostasis. Excessive ROS 
contributes to the tissue damage. Active cells, neutrophils, 
and macrophages produce high levels of ROS[9]. ROS mainly 
induced by danger signals such as HMGB1. HMGB1 enhances 
Ca2+ leak through TLR4-ROS signaling pathway[21]. The 
chemotaxis of inflammatory cells might be interrupted by using 
ROS scavengers or the neutralizing proteins of HMGB1[22].

The role of HMGB1 in Aspergillus fumigatus (A.fumigatus) 
keratitis is still not so clear. The studies provided evidence that 
blocking HMGB1 alleviate disease response of C57BL/6 FK. 
HMGB1 may amplify immune response and lead to excessive 
inflammatory response through the pathway of p38-MAPK. 
The study aimed to determine the effectiveness of HMGB1 as 
a target for the treatment of patients with A.fumigatus keratitis.
MaTeRIals aND MeTHODs 
ethical Approval  Animals were treated humanely and in 
strict accordance with the ARVO Statement for the Use of 
Animals and approved by the Research Ethics Committee 
of the Affiliated Hospital of Qingdao University (China) 
and National Institutes of Health Guide (No.8023, NIH 
Publications, revised 1978) in research.
Culturing and Preparing Aspergillus Fumigatus  Strain 
of A.fumigatus (No.3.0772), bought from China General 
Microbiological Culture Collection Center (Beijing, China), 
was inoculated and then prepared according to the previous 
method of Li et al[23]. Totally 1×108 colony-forming units 
(CFU)/mL of A.fumigatus suspension was yielded with 
activation in the in vivo experiment; for the in vitro experiment, 
as well as, 5×106 CFU/mL A.fumigatus suspension was 
inactivated overnight in 75% alcohol.
In Vivo Experiment 
Aspergillus fumigatus keratitis animal model establishment  
The female C57BL/6 mice (8wk), bought from Jinan 
Pengyue Experimental Animal Co., Ltd. (Jinan, China), were 
anesthetized with 10% chloral hydrate. The central corneal 
epithelium of the C57BL/6 mice’s right eyes was removed. 
Then, 5 μL of A.fumigatus (1×108 CFU/mL) was dropped on 
the cornea. After that, soft contact lens were covered on the 
cornea and eyelids were sutured as the way of Li et al[23]. One 
day after infection, the mice’s eyes were opened. Control eyes 
were treated similarly, but without infection.
Clinical scorning of corneal infection  To investigate clinical 
score at 1, 3, and 5d post infection (p.i.), the photography 
was taken by a slit-lamp microscope. Corneal disease was 
ranked with clinical score ranging from 0 to 12 based on an 
established classification scale[24].
Box A treatment of C57BL/6 mice  C57BL/6 mice (n=6/
group/time) were treated with Box A (LPS free; IBL 
International GmbH, Hamburg, Germany) subconjunctivally 
injection (1 μg/5 μL) 1d before infection and topically 
application (5 μL, 100 μg/mL) 1 time every day through 5d p.i. 
Control mice were similarly treated with PBS.
In Vitro Experiment 
Macrophage isolation and Box B or Box B combined with 
Poly(I) treatment  C57BL/6 mice were stimulated with 3% 
thioglycollate medium (1.0 mL; Becton-Dickinson, Sparks, 
MD, USA) by intraperitoneal (i.p.) injection. Macrophages 
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were collected by peritoneal lavage at 7d p.i. Cells were 
washed and resuspended in DMEM with 5% fetal calf serum 
(FCS; Invitrogen, Carlsbad, CA, USA) and plated at the 
concentrations of 3×106 cells/well. After 3h incubation, 
cells were treated with Box B (1 μg/mL; IBL International 
GmbH), A.fumigatus hyphae (5×106 CFU/mL), or Box B 
and A.fumigatus hyphae together for 18h. For the further 
experiment, cells were treated with Box B and A.fumigatus 
hyphae, or Box B combined with Poly(I) (250 μg/mL; Sigma, 
American) and A.fumigatus hyphae together for 18h.
Polymorphonuclear neutrophilic leukocytes isolation and 
Box A treatment  Of 1.0 mL 9% casein solution was used to 
stimulate C57BL/6 mice by i.p. injection. After 24h the same 
injection was taken again. After 3h, the way of peritoneal 
lavage was used to collect PMN. After washing and isolating 
by Percoll gradient, PMN were then resuspended in RPMI 
1640 containing 10% FCS (Invitrogen, Carlsbad, CA, USA) 
and plated. After incubation, cells were treated with Box 
A (0.1 μg/mL; IBL International GmbH) or control PBS for 
2h, and then stimulated A.fumigatus hyphae (5×106 CFU/mL) 
together for 8h.
Experimental Techniques
Real-time reverse transcriptase polymerase chain reaction  
Total RNA isolation, reverse transcription, optimal conditions 
for polymerase chain reaction (PCR) amplification of cDNA 
and calculation of relative transcription levels were established 
using routine methods[23]. Primer sequences used in the 
research are shown in the Table 1.
Immunofluorescent staining  Eyeballs were removed from 
the C57BL/6 mice (n=6/group/time) after 3d p.i. The sections 
preparation was according to the methods used by Li et al[23]. 
After fixation and blocking, the sections were incubated 
at a 1:100 dilution of rabbit anti-mouse HMGB1 antibody 
(Abcam, Cambridge, MA, USA) for 1h, and then incubated 
at Alexa Fluor 546-conjugated donkey anti-rabbit antibody 

(1:1000, Invitrogen) for 1h. After that, sections were incubated 
with SYTOX Green nuclear acid stain (1:30000, Lonza, 
Walkersville, MD, USA). For the co-expression experiments, 
sections were incubated in rabbit anti-mouse TLR4 (1:100, 
Santa Cruz Biotechnology, San Jose, CA, USA) antibody, 
or anti-mouse LOX-1 (Abcam), then incubated in Alexa 
Fluor 546-conjugated donkey anti-rabbit antibody (1:1000, 
Invitrogen) for 1h. Then incubated at rabbit anti-mouse 
HMGB1 (1:100, Abcam, Cambridge, MA, USA) for 1h, then 
Alexa Fluor 647-conjugated donkey anti-rabbit antibody at 
1:1000. Sections were incubated with SYTOX Green nuclear 
acid stain. Controls were disposed by the similar way, however, 
the primary antibodies were in the place of the same host IgG. 
Digital images were captured.
Enzyme-linked immunosorbent assay  Complete corneas 
were collected after 3d p.i. (n=6/group/time). Corneas were 
homogenized according to the routine method[25]. The 25 μL 
sample was used for the assay of IL-1β and MIP-2 protein 
(R&D Systems, Minneapolis, MN, USA). For the cell 
experiment, 50 μL of supernatant was used for testing the 
protein level of IL-1β, TNF-α and MIP-2 according to the 
R&D Systems’ instructions.
Western blotting analysis  Cells and corneas were harvested 
and lysed in RIPA buffer. Total protein was separated by 
running acrylamide sodium dodecyl sulfate polyacrylamide 
gel electrophoresis (SDS-PAGE), after that the separated 
protein on SDS-PAGE was transferred to the polyvinylidene 
difluoride (PVDF) membranes. After blocking, membranes 
were incubated with primary antibodies overnight at 4℃, 
which used in this research are as follows: β-actin (1:2000, 
Bioss, Beijing, China) monoclonal antibody, or IL-1β (1:500, 
Bioss, Beijing, China) primary antibody, or TNF-α (1:500, 
CST, American) primary antibody, or LOX-1 (1:500, Abcam, 
Cambridge, MA, USA) primary antibody, or HMGB1 
(1:10000, Abcam, Cambridge, MA, USA) primary antibody, 

Table 1 Nucleotide sequence of mouse primers for real-time PCR

Gene GenBank No. Primer sequence (5’-3’)

mβ-actin NM_007393.3 Forward: GAT TAC TGC TCT GGC TCC TAG C

Reverse: GAC TCA TCG TAC TCC TGC TTG C

HMGB1 NM_010439.3 Forward: TGG CAA AGG CTG ACA AGG CTC

Reverse: GGA TGC TCG CCT TTG ATT TTG G

IL-1β NM_008361.3 Forward: CGC AGC AGC ACA TCA ACA AGA GC

Reverse: TGT CCT CAT CCT GGA AGG TCC ACG

TNF-α NM_013693.2 Forward: ACC CTC ACA CTC AGA TCA TCT T

Reverse: GGT TGT CTT TGA GAT CCA TGC

MIP-2 NM_009140.2 Forward: TGT CAA TGC CTG AAG ACC CTG CC

Reverse: AAC TTT TTG ACC GCC CTT GAG AGT GG

HMGB1 in Aspergillus fumigatus keratitis
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or p38-MAPK (1:500, Elabscience, Wuhan, China) primary 
antibody, p-p38-MAPK (1:500, Elabscience, Wuhan, China) 
primary antibody. After washing for 3 times with PBST, the 
membranes were incubated with corresponding peroxidase-
conjugated secondary antibodies (1:5000, Santa Cruz 
Biotechnology, San Jose, CA, USA) at 37℃ for 1h. The blots 
were showed by usage of chemiluminescence (ECL; Thermo 
Scientific).
Quantitation of Polymorphonuclear Neutrophilic Leukocytes 
in Cornea  Corneas were havest at 3 and 5d p.i. (n=6/group/time). 
And homogenized in 1.0 mL of the No.2 reagent of the MPO 
test kit (Njjcbio, Nanjing, China) according to the operating 
table. Samples were made to tissue homogenate, mixing with 
No.3 reagent in a water bath, next adding No.4 agent and color 
agent with water bath. After that No.7 agent was added into, and 
then water bath. The change in absorbance value was measured 
at 460 nm at once. The slope of the line was depended on each 
sample and used to calculate units of MPO in each cornea.
Measurement of ROS in Polymorphonuclear Neutrophilic 
Leukocytes  PMN were pretreated with Box A (0.1 μg/mL, IBL 
International GmbH) or control PBS for 2h, and then incubated 
with A.fumigatus hyphae (5×106 CFU/mL) for 8h. The generation 
of ROS was detected with the 2’, 7’-dichlorofluorescin diacetate 
(DCFH-DA; Sigma, St. Louis, MO, USA) through flow 
cytometry according to the routine methods[26]. Data was 
recorded as percentage of ROS productive cells.
Statistical Analysis  To identify the difference of clinical score 
in two groups, the Mann-Whitney U test was used. As to the 
evaluation of statistical significance about real-time reverse 
transcriptase polymerase chain reaction (RT-PCR), enzyme-
linked immunosorbent assay (ELISA), Western blot, MPO and 
flow cytometry data for animal experiment, an unpaired, two-
tailed Student’s t-test was adopted, while in vitro experiments, 
a one-way ANOVA  was taken to analyze the statistical 
significance of relative experiments including RT-PCR, 
Western blot, and the ELISA data. The P-value less than 0.05  
was considered to be statistically significant. To guarantee 
the reproducibility of all experiments, each one was repeated, 
and datum from representative experiments are presented as 
mean±standard deviation (SD). 
ResUlTs
HMGB1 Expression in Cornea of C57BL/6 Mice  To identify 
the cornea expression of HMGB1, the mRNA and protein 
levels of HMGB1 are measured in control and infected 
C57BL/6 corneas by the RT-PCR and immunostaining. Our 
data showed that the level of relative HMGB1 mRNA was 
significantly up-regulated at 1, 3, and 5d p.i. (Figure 1A, all 
P<0.001) and peaked at the third day p.i. Immunostaining 
showed that HMGB1 protein expressed on control uninfected 
corneas (Figure 1B). HMGB1 protein was elevated at the 

third day p.i with A.fumigatus (Figure 1C) compared with the 
control group (Figure 1B). Also, dual immunostaining was 
used to detect whether HMGB1 co-expressed with TLR4 
or LOX-1. Positive dual staining (magenta) for TLR4 and 
HMGB1 (Figure 1D), LOX-1 and HMGB1 (Figure 1E) was 
seen in C57BL/6 corneal stroma at the third day p.i with 
A.fumigatus. While the negative staining was showed in the 
control (Figure 1F).
Box A Treatment of C57BL/6 Mice  To test whether 
blocking HMGB1 resulted in better disease, Box A was used 
to treat C57BL/6 mice. Box A treatment significantly down-
regulated the clinical scores of C57BL/6 mice at 3 and 5d p.i. 
compared to the control treated with PBS (Figure 2A, both 
P<0.01). Photographs of corneas taken by a slit-lamp at 3d p.i. 
dedicated a worsened infection after PBS treatment (Figure 
2B) compared to Box A treatment (Figure 2C). And then, we 
explored the effect of Box A treatment on the expression of 
MIP-2 and IL-1β. The protein level of MIP-2 (Figure 2D, 
P<0.05, P<0.001) and IL-1β (Figure 2E, both P<0.05) were 
decreased in Box A treated cornea at 3 and 5d p.i. compared 
to control-treated mice. Also, MPO level (Figure 2F, P<0.05, 
P<0.01) meaningfully down-regulated in Box A treated cornea 
vs the control treated with PBS at 3 and 5d p.i. 
Box B Treatment of Macrophages from C57BL/6 Mice  
Pretreated macrophages with Box B to test whether stimulating 
HMGB1 resulted in up-regulation of pro-inflammatory 
cytokines and whether HMGB1 amplified inflammation 
responses. Data showed that Box B treatment significantly up-
regulated expression of MIP-2 (Figure 3A, P<0.05), IL-1β 
(Figure 3B, P<0.01), TNF-α (Figure 3C, P<0.05) in mRNA 
levels that induced by A.fumigatus compared with A.fumigatus 
treatment only. Box B treatment significantly up-regulated 
expression of IL-1β (Figure 3E, P<0.05), TNF-α (Figure 3F, 
P<0.05), LOX-1 (Figure 3G, P<0.0001), HMGB1 (Figure 
3F, P<0.001) in protein level, that induced by A.fumigatus 
while MIP-2 level had no change after Box B and A.fumigatus 
treatment compared with A.fumigatus treatment only (Figure 
3D). Only Box B treatment did not effect on MIP-2, IL-1β, 
TNF-α, LOX-1 and HMGB1 expression.
Box B or Box B combined with Poly(I) Treatment of 
Macrophage from C57BL/6 Mice  Pretreated macrophage 
with Box B or Box B combined with Poly(I). Data showed 
that Box B combined with Poly(I) and A.fumigatus treatment 
significantly reduced the protein levels of IL-1β (Figure 4, 
P<0.0001), TNF-α (Figure 4, P<0.0001), LOX-1 (Figure 4, 
P<0.0001), and also down-regulated the phosphorylation 
level of p-p38-MAPK (Figure 4, P<0.001) that induced by 
A.fumigatus compared to Box B and A.fumigatus treatment. 
Effect of Box A on ROS generation of PMN from C57BL/6 
Mice  Flow cytometry data showed that A.fumigatus stimulation 
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up-regulated ROS generation significantly (62.5%; Figure 
5B, 5E) compared with normal cells (19.5%; Figure 5A, 5D). 
Box A treatment down-regulated the ROS generation (20.3%; 
Figure 5C, 5F) that induced by A.fumigatus stimulation 
compared with A.fumigatus control (62.5%; Figure 5B, 5E), 
and the difference is significant (P<0.01) shown as Figure 
5G, 5H.

DIsCUssION
There are more and more studies aimed at the role of HMGB1 
in inflammatory diseases. Until recently, little was known 
about whether HMGB1 signaling contributes to the disease 
process of A.fumigatus keratitis.
It has been reported that HMGB1 up-regulates and plays 
pro-inflammatory role in P.aeruginosa keratitis[14-15]. Results 

Figure 2 Box A treatment of C57BL/6 mice  Box A treatment significantly down-regulated the clinical scores of C57BL/6 mice at 3 and 5d p.i. 
compared with PBS-treated mice (A). Photographs showed worsened disease after PBS treatment (B) compared with Box A treatment (C) at 3d 
p.i. Effect of Box A on MIP-2 and IL-1β expression and MPO levels. Corneal protein level of MIP-2 (D) and IL-1β (E) were decreased in Box A 
treated cornea of C57BL/6 mice at 3 and 5d p.i. compared to control-treated mice. MPO level (F) significantly down-regulated in Box A treated 
cornea vs PBS treated cornea of C57BL/6 mice at 3 and 5d p.i. aP<0.05; bP<0.01; cP<0.001.

Figure 1 HMGB1 expression in cornea of C57BL/6 mice  Relative HMGB1 mRNA levels (A) were significantly higher at 1, 3, and 5d p.i. and 
peaked at 3d p.i. HMGB1 protein expressed (red) on control uninfected corneas (B). Protein level of HMGB1 (C) were significantly increased in 
the infected cornea of C57BL/6 mice at 3d p.i. Nuclei are labeled with SYTOX Green (green). Dual-immunostaining (magenta) for TLR4 (red) 
and HMGB1 (blue) was seen in C57BL/6 corneal stroma at 3d p.i. (D). Positive dual staining (magenta) for LOX-1 (red) and HMGB1 (blue) 
was seen in C57BL/6 corneal stroma at 3d p.i. (E). Primary antibody was replaced with species-specific IgG in control sections, which was 
positive for SYTOX green nuclear stain only (F). B-C: 250×; D-F: 400×. cP<0.001.
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in this research showed that after A.fumigatus infection, 
HMGB1 expression up-regulated in C57BL/6 corneas which 

are consistent with results showing that HMGB1 expression 
increased and played important role in sepsis[27], haemorrhagic 

Figure 4 Effect of Box B or Box B combined with Poly(I) from C57BL/6 mice  Protein levels of IL-1β, TNF-α, LOX-1 and p-p38MAPK 
induced by A.fumigatus were significantly down-regulated after Box B combined with Poly(I) treatment. cP<0.001; dP<0.0001.

Figure 3 Effect of Box B on macrophages from C57BL/6 mice  mRNA levels of MIP-2 (A), IL-1β (B), TNF-α (C) that induced by 
A.fumigatus were upregulated after Box B treatment. Box B treatment also up-regulated protein levels of IL-1β (E), TNF-α (F), LOX-1 (G) and 
HMGB1 (G) that induced by A. fumigatus while MIP-2 level had no change after Box B and A.fumigatus treatment compared with A.fumigatus 
treatment only (D). Only Box B treatment did not effect on MIP-2, IL-1β, TNF-α, LOX-1 (G) and HMGB1 (G) expression. aP<0.05; bP<0.01; 
cP<0.001; dP<0.0001.
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shock, rheumatoid arthritis[28], systemic lupus erythematosus[29], 
lung injury[30] and cystic fibrosis lung[31]. It has been proved 
that HMGB1 has the ability to amplify inflammation and plays 
a pro-inflammatory role in various disease[32].
Using dual immunostaining, HMGB1 was seen co-expressed 
with TLR4 and LOX-1. Previous studies showed that HMGB1 
binds TLRs and the RAGE[7,33]. TLRs can recognize fungi and 
trigger a complex signal transduction cascade that induces the 
production of inflammatory cytokines, thus initiating innate 
and adaptive immunity[34]. During the C.albicans keratitis, 
fungal growth could be controlled by pro-inflammatory cytokines 
which are produced by the activated TLR2 and TLR4 signals 
pathway[35]. The neutrophil-mediated bactericidal action 
and the activation of NADPH oxidase can be declined by 

HMGB1 through a RAGE-dependent mechanism[36]. As to the 
function of LOX-1 in FK, our previous studies and data from 
other labs indicated LOX-1 played a pro-inflammatory role 
during FK[23,37-38]. The present study showed that HMGB1 co-
expressed with TLR4 and LOX-1 in the corneal stroma. But 
further work will be required to test the function of TLR4 and 
LOX-1 in HMGB1 induced inflammation.
Previous studies have proved that when HMGB1 was 
neutralized at the period of corneal infection with P.aeruginosa, 
the PMN influx would be reduced and the pathology would 
be alleviated in C57BL/6 mice at p.i. 48h[12]. For purpose of 
fully identify whether HMGB1 play pro-inflammatory role 
in fungal infection, we treated C57BL/6 mice with HMGB1 
antagonist Box A, and result indicated that the disease outcome 

Figure 5 Effect of Box A on ROS generation of PMN from C57BL/6 mice  ROS generation was up-regulated after A.fumigatus stimulation 
(B, E) compared with normal cells (A, D). ROS expression induced by A. fumigatus stimulation was down-regulated after Box A treatment (C, 
F). The difference was significant (G, H). bP<0.01.

HMGB1 in Aspergillus fumigatus keratitis
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of C57BL/6 mice could be alleviated with injection of Box 
A. Treatment with Box A compared with PBS significantly 
decreased expression of MIP-2 and IL-1β. All findings are 
in alignment with a previous study indicating that HMGB1 
inhibition significantly enhanced the survival rate of rodents[39]. 
Our in vivo data also showed that HMGB1 inhibition can 
reduce PMN influx, which is consistent with study, indicating 
that HMGB1 reduces the inflammation by RAGE-dependent 
mechanisms[36]. Also, it has been reported that the appropriate 
inflammatory responses could be necessary for the cornea 
healing, excessive inflammatory response led to a worsen 
corneal damage[40-41]. Thus, the control of inflammatory 
response by target of HMGB1 may contribute a better outcome.
HMGB1 is released by two ways, one is an active secretion 
by monocytes and macrophages, while another is a passive 
secretion by necrotic or damaged cells[42]. HMGB1 could be 
considered as a secreted cytokine in bacterial infection and 
amplify innate defense by activating macrophages[39]. So, 
we next extracted macrophages from C57BL/6 mice and 
pretreated with Box B to see whether HMGB1 can amplify the 
inflammation. Data showed that Box B treatment significantly 
up-regulated levels of MIP-2, IL-1β, TNF-α that stimulated 
by A.fumigatus. This is consistent with a research showing 
that upon co-activation with HMGB1, cytokines with pro-
inflammatory activity, such as TNF-α and IL-1β, can be 
generated by macrophages[32]. Our data is also consistent with 
a study showed that a mixture of human peripheral blood 
monocytes which are stimulated with HMGB1 and LPS results 
in a higher increase in TNF-α production than LPS or HMGB1 
alone[43].
HMGB1 has been reported as a protein which had an important 
role in some nuclear transaction and transcription[44-45]. To 
confirm the mechanisms of HMGB1 up-regulation of pro-
inflammatory cytokines expression, we pretreated the 
macrophage from C57BL/6 mice with Box B combined with 
Poly(I). Our data indicated that the expression level of LOX-1 and 
p-p38-MAPK decreased when treated by the Box B combined 
with Poly(I) and A.fumigatus together, which also down-
regulated the protein level of TNF-α and IL-1β. These findings 
explained that HMGB1 could through the p38-MAPK pathway 
amplify inflammatory response in A.fumigatus infection. This 
is in accordance with the study, showed that HMGB1-LPS 
complex can induce the macrophages to release inflammatory 
cytokines through RAGE, and the signal pathway of p38-
MAPK[46].
Excessive ROS contribute to tissue damage. High-level 
of ROS can be produced by the PMN and macrophages 
from the immune system[9]. ROS mainly induced by danger 
signals such as HMGB1. Our data indicated that A.fumigatus 
stimulation up-regulated the ROS expression. Box A treatment 

down-regulated the ROS expression induced by A.fumigatus 
stimulation. This is consistent with study showed that HMGB1 
enhances TLR4-ROS signaling pathway[21]. Results suggested 
that HMGB1 may play pro-inflammatory role through the way 
of ROS. 
In summary, our study indicates that blocking HMGB1 alleviate 
disease response of C57BL/6 mice. Our data also shows that 
HMGB1 can amplify immune response through p38-MAPK 
pathway. Further studies of HMGB1 receptors and signaling 
pathway may provide novel ways for the treatment of FK.
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