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Abstract
● AIM: To investigate the expression of pentraxin 3 (PTX3) 
in rat corneal epithelium at the early stage of Aspergillus 
fumigatus (A. fumigatus) infection.
● METHODS: A total of 50 Wistar rats were randomly 
divided into control group, Sham group and experimental 
group (fungal keratitis group, FK group). The right eye 
was chosen as the experiment one and infected by A. 
fumigatus. Rats were executed at 8, 16 and 24h after 
the experimental models being established. Corneal 
epithelia were collected to assess the expression of PTX3 
by quantitative reverse transcription polymerase chain 
reaction (qRT-PCR) and Western blot analysis.
● RESULTS: Corneal inflammation scores increased 
as infection prolonged (P<0.05, P<0.001). PTX3 mRNA 
expression was low in normal and Sham group rats' corneas. 
Level of PTX3 mRNA in infected rat cornea was elevated 
at 8h and peaked at 16h. The difference was significant 
compared with control group (P<0.001). Western blot 
analysis also showed a significant increase of PTX3 
protein in experimental group at 8h and peaked at 16h 
(P<0.001). The synchronous expression of control group 
and experimental group were also in significant difference 
(P<0.001).
● CONCLUSION: PTX3 exists in cornea epithelium and is 
significantly increased after A. fumigatus infection. PTX3 
plays an important role in the early stage of cornea innate 
immunity against A. fumigatus.
● KEYWORDS: fungal keratitis; Aspergillus fumigates; 
pentraxin 3; innate immunity
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INTRODUCTION

F ungal keratitis (FK) is a sight-threatening ocular infection, 
with high incidence in tropical, subtropical areas and 

developing countries. It accounts for 39%-65.2% of microbial 
keratitis. Trauma is the most common predisposing factor that 
happened in 42%-74.5% of patients[1-3]. Aspergillus fumigatus 
(A. fumigatus) was reported as one of the main etiologic agents 
of fungal keratitis[3-5]. The innate immune system is the first 
line of human to defend microbial invasion. This is initiated 
by the recognition of highly conservative consensus sequence 
in pathogens through different pattern recognition receptors 
(PRRs)[6-7]. The pentraxin family is an important member of 
pattern recognition receptors and composes the humoral arm 
of innate immunity[8-9]. The pentraxins, characterized by a 
pentraxin domain with pentraxin signature (HxCxS/TWxS), 
are divided into short and long[8]. Pentraxin 3 (PTX3) belongs 
to the long pentraxin family and is believed as the prototype 
of it. Besides immune cells, like mononuclear phagocytes[10-11], 
dendritic cells[12] and neutrophils[13]. PTX3 is also constitutively 
expressed by resident cells, such as epithelial cells[14] as well 
as endothelial cells[15]. Researches have demonstrated that 
PTX3 was significantly increased in various inflammatory 
disease[8,16-17], indicating an intimate relationship with the 
immune response. Recent studies have shown that PTX3 has 
a non-redundant role in the resistance against A. fumigatus 
infection[18]. Garlanda et al[18] found that PTX3 could bind 
A. fumigatus conidia but not A. fumigatus hyphae, and that this 
could be abolished by the presence of galactomannan. In that 
study, PTX3 was shown to facilitated the ingestion of conidia 
in macrophages[18], and PTX3-/- mice showed defective 
resistance to A. fumigatus, correlated with an increase in 
colonization[18]. In this study, we investigated the expression of 
PTX3 in cornea epithelium and explored the role of it during 
A. fumigatus invasion.
MATERIALS AND METHODS
Reagents  Primers were designed and synthesized by TaKaRa 
(Dalian, Liaoning Province, China). RNAiso Plus, reverse 
transcriptase polymerase chain reaction (RT-PCR) kits with 
gDNA Eraser (Perfect Real Time) and SYBR Premix Ex 
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TaqTM (Tli RNaseH Plus) were purchased from TaKaRa (Dalian, 
Liaoning Province, China). Polyclonal rabbit anti-rat PTX3 
was obtained from Enzo Life Sciences (Enzo Life Sciences, 
Switzerland). Polyclonal rabbit anti-rat GAPDH was obtained 
from CWBIO (CWBIO, Beijing, China). Phenylmethylsulfonyl 
fluoride (PMSF) and cell lysis buffer (RIPA) were purchased 
from Solarbio (Beijing, China). ECL Western blotting detection 
Reagent was purchased from Beyotime (Shanghai, China).
Preparation of Aspergillus Fumigatus Antigens  A. fumigatus 
strains (NO3. 0772) was purchased from China General 
Microbiological Culture Collection Center. A. fumigatus conidia 
was inoculated and grown on Sabouraud media at 28℃ for 
5-7d. Then the conidia were harvested by centrifugation and 
washed with sterile phosphate buffer saline (PBS) for three times.
Animals  Wistar rats (both male and female) were purchased 
from Qingdao Institute of Drug Control (Qingdao, Shandong 
Province, China). All the rats were weighed between 200-300 g 
and allowed to acclimatize to the laboratory conditions for 3d. 
Corneal diseases were excluded with slit-lamp examination 
before animal models were made. All animal procedures 
complied with the ARVO Statement for the Use of Animals in 
Ophthalmic and Visual Research.
Animal Models of Fungal Keratitis  Fifty Wistar rats were 
randomly divided into the following groups: 5 rats for control 
group (10 corneas) and 45 rats for experiment group. The 
right eyes of 45 rats were chosen for FK group (45 corneas) 
while the left eyes were chosen for Sham group (45 corneas). 
Levofloxacin eyedrop was given to eyes three times per day.   
Chloral hydrate 10% 3 mL/kg for intraperitoneal injection 
and 0.4% oxybuprocaine hydrochloride eyedrop for surface 
anesthesia before animal models were made. Conjunctival sac 
was cleaned with 0.5% Yasuji iodine and washed with sterile 
water. Central epithelium of the right cornea was scraped 
about 2 mm in diameter and then A. fumigatus conidia antigen 
(about 3-4 mm) was given. After covering with contact lens, 
the eyelid was sutured with 5-0 silk. The left eye was treated 
as the right eye except for giving A. fumigatus conidia antigen. 
The control group was not given any scrape of treatment. 

Totally 45 rats were executed at 8, 16 and 24h randomly after 
the experimental model being established. The diagnoses of 
FK models were confirmed by corneal scrapings staining or 
confocal microscopy. The eyeball was taken under sterile 
conditions. Cornea was divided into two parts preserving in 
-80℃: one half was used for quantitative RT-PCR and the 
other half was for Western blot analysis.
Evaluation of Inflammation  Severity of FK in animal 
models was scored visually as well as the aid of sit lamp 
before executed[19]. A grade of 0 to 4 was assigned to each of 
the following criteria: area of opacity, density of opacity and 
surface regularity. The normal, unscarified cornea was scored 
by 0 in each category and had a summation score of 0. A total 
score of 5 or less was considered mild, 6 to 9 was considered 
moderate and more than 9 was considered severe. All the 
evaluations were performed by the same person (Table 1).
Quantitative Reverse Transcription-polymerase Chain 
Reaction  Total RNA was extracted from cornea samples using 
RNAiso plus reagent (TaKaRa, Dalian, Liaoning Province, 
China) according to the manufacturer’s protocol and quantified 
by spectrophotometry. Complementary DNA (cDNA) was 
generated by reverse transcription with 2 μg total RNA and 
then 2 μL cDNA was used for quantitative PCR with SYBR 
Green and specific primers. The reaction parameters were 
performed as follows: 95℃ for 30s, followed by 40 cycles of 
95℃ for 5s, 60℃ for 30s, followed by a final stage of 95℃ 
for 15s, 60℃ for 30s, 95℃ for 15s. The primers used were as 
follows. Quantification was performed using the 2-Δ Δ Ct method. 
Each experiment was repeated at least for three separate times 
(Table 2).
Western Blot Analysis  Total proteins were extracted from 
cornea samples using RIPA lysis buffer and PMSF (100:1) 
mixture for 2h. After centrifuged at 12 000 rpm for 15min, the 
supernatants were quantified by bicinchoninic acid assay and 
denatured with sodium dodecyl sulfate-polyacrylamide gel 
electrophoresis (SDS-PAGE) sample loading buffer (5×) in 
boiled water for 10min. Proteins (50 μg/well) were separated 
by 12% SDS-PAGE in Tris/glycine/SDS buffer and transferred 

Table 1 Visual scoring for fungal keratitis rat models

Criteria Grade 1 Grade 2 Grade 3 Grade 4

Area of corneal opacity 1%-25% 26%-50% 51%-75% 76%-100%

Density of corneal 
opacity

Slight cloudiness, outline of iris 
and pupil discernable

Cloudy, but outline of iris 
and pupil remain visible Cloudy, opacity not uniform Uniform opacity

Surface regulatity Slight surface irregularity Rough surface, some 
swelling

Significant swelling, crater or serious 
descemetocele formation

Perforation or 
descemetocele

Table 2 Prime list used for qRT-PCR

Gene Forward primer 5’-3’ Reverse primer 5’-3’

β-actin (rat) GGAGATTACTGCCCTGGCTCCTA GACTCATCGTACTCCTGCTTGCTG

PTX3 (rat) TGGGGGCTTTGACGAAACAT CTCCCCCACTTGCCCTTATC
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to polyvinylidene fluoride membranes (Millipore, billerica, 
MA, USA). The membranes were blocked with Western 
blocking Buffer at 37℃ for 2h before incubating with PTX3 or 
GAPDH primary antibody at 4℃ overnight. Then membranes 
were incubated with secondary antibody at 37℃ for 1h and 
detected with BeyoECL Plus (Beyotime, Shanghai, China).
Statistical Analysis  All the data were presented as mean±SD. 
Data analysis was performed by one-way analysis of variance 
and further pairwise comparisons were made by using 
SPSS17.0 software (SPSS, Chicago, IL, USA). Data were 
considered significant at P<0.05.
RESULTS
Progression of Fungal Keratitis in Rat Models  In FK 
group, different manifestations were found at three time points 
after infection. At 8h post infection, corneal edema was found 
around the defect area with a rough surface in corneal stroma. 
There was even a slight enlargement of the defect size in 
some cases. However, no obvious infection was found in all 
rats. At 16 and 24h post infection, beside corneal edema, a 
significant defect enlargement in corneal epithelium as well 
as tissue necrosis in epithelium and stroma could be seen. 
Compared with 16h, corneal ulcer was aggravated in 24h. On 
the contrary, defect in corneal epithelium recovered gradually. 
The defect was covered by fragile epithelium at 16h and nearly 
transparent at 24h (Figure 1).
Inflammation Evaluation of Fungal Keratitis  Corneal 
inflammation scores in FK group were higher than that in the 
Sham group. Scores increased gradually after infection in the 
FK group. Compared with 8h group, scores in 16h as well as 
24h group were significantly higher and the differences were 
significant (P<0.001). However, the difference between the 
16 and 24h group was not significant (P>0.05). Meanwhile, 
scores in Sham group decreased along with the recovery of 

corneal defect. Compared with 8h, differences at 16 and 24h 
were significant in Sham group (P<0.05, P<0.001 respectively) 
(Figure 2).
Expression of Pentraxin 3 mRNA  As shown in Figure 
3, PTX3 expression was low in normal rat cornea. When 
infected by A. fumigatus, PTX3 mRNA began to increase 
at 8h, peaked at 16h and declined at 24h. Compared with 0h, 
the differences were significant at each time point in FK group 
(P<0.05 at 8 and 24h, P<0.001 at 16h). Furthermore, differences 
between 8 and 16h, 16 and 24h were also significant (P<0.05). 
However, compared with 0h, no significant elevation was found 
at 8, 16 and 24h in the Sham group (P>0.05). Differences 
between 8, 16 and 24h in Sham group were also not significant 
(P>0.05). Meanwhile, differences between FK group and 
Sham group were significant at each time point (P<0.05 at 8 
and 24h, P<0.001 at 16h).

Figure 1 Progression of FK in rat models  Inflammation was aggravated gradually with time in the FK group while relieved in the 
Sham group.

Figure 2 Inflammation at different time points in keratitis rat 
models  Scores gradually increased over time in FK group while 
they decreased over time in Sham group (P<0.001). The difference 
between FK group and Sham group was significant at each time point 
post infection (aP<0.05, bP<0.001).
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Expression of Pentraxin 3 Protein  A constant change of 
PTX3 protein expression is shown in Figure 4. The change 
in PTX3 protein expression is consistent with changes in the 
mRNA expression at the different time points. PTX3 protein 
expression increased significantly at 8h and peaked at 16h 
after A. fumigatus infection (P<0.05, P<0.001 respectively). 
The difference of PTX3 protein level between 8 and 16h was 
also significant (P<0.05). Although a slight decline was seen 
at 24h compared with 16h, the difference was not significant 
(P>0.05).
DISCUSSION
The immune system composed by innate and adaptive 
immunity plays a vital role in resisting and eliminating various 
invasion microorganisms. The innate immune response 
was first activated after the recognition of pathogens by 
different PRRs. As a soluble PRR, PTX3 participates in the 
process against pathogen infection. A. fumigatus is one of 
the selected pathogen that could be recognized by PTX3[18] 
and is made locally at the inflammatory sites[9]. However, the 
relationship between PTX3 and FK is not fully understand. 
Our previous study in immortalized human corneal epithelial 
cells (HCECs) found that PTX3 played a proinflammatory role 
in the pathogenesis of FK[20]. However, the immune system 
is a complex network, which means the immune results in 
vivo maybe different from that in vitro. To further explore the 
impact of PTX3 during fungi invasion, we resorted to animal 
models. Rat is one of the common animals used for keratitis 
models[21-22] and we have successfully established rat FK model 
before[23]. On this basis, we investigated the expression of 
PTX3 in A. fumigatus infected rat model in this study. FK was 
reproduced in the rat model. As time prolonged, the clinical 
score of keratitis got higher while corneal infection progressed. 
This is according with the development of the disease in clinic. 
In line with previous findings on the induction of PTX3 by 
fungi[18,24], PTX3 expression in corneal epithelium was also 
up-regulated after A. fumigatus infection both from mRNA 
and protein level. PTX3 expression was almost correlated 
with the severity of keratitis on the whole in the models, and 
this phenomenon was also found in human clinical samples. 
However, the clinical score of Sham group without fungi 
infection decreased at the same time. We also found that PTX3 
was expressed in cornea epithelium and kept at a low level 
under normal condition. No obvious increase of PTX3 at 
both mRNA and protein level was found in the Sham group. 
The clinical manifestation of rat cornea is consistent with our 
previous finding in vitro that PTX3 plays its role against fungi 
invasion by amplifying the inflammatory response. These 
results indicate that PTX3 is a key component in corneal anti-
fungi immune response and may be a marker of corneal injury. 
The diagnostic value or as a marker of PTX3 has been proved 
in both in infectious and non-infectious diseases[25-28]. Compared 

with 16h, an aggravated corneal inflammation was found in 
FK rat models at 24h post A. fumigatus infection. Meanwhile, 
expression of PTX3 was decreased at 24h both in mRNA and 
protein levels comparing with 16h. Although there was no 
significant difference between 16 and 24h in inflammation 
score and PTX3 expression, the aggravated corneal ulcer 
in 24h maybe a comprehensive result of the activations of 
other PRRs, such as dendritic cell-associated C-type lectin-1 
(Dectin-1)[29], mannose receptor (MR)[30] and triggering 
receptor expressed on myeloid cells-1 (TREM-1)[31]. Levels 

Figure 3 Relative mRNA expression of PTX3 in rat cornea  PTX3 
mRNA was evaluated at 8, 16 and 24h after A. fumigatus infection. 
A gradually increase of PTX3 mRNA was detected from 0 to 16h. 
Compared with Sham group, the difference was significant at each 
time point after infection (aP<0.05, bP<0.001). The difference between 
8 and 16h was significant (P<0.05).

Figure 4 Relative protein expression of PTX3 in rat cornea 
Western blot confirmed an induction of PTX3 by A. fumigatus at 8, 
16 and 24h. PTX3 expression was increased after infection (aP<0.05, 
bP<0.001). Compared with 8h group, PTX3 was further up-regulated 
at 16h (P<0.05).
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of these PRRs continued to increase at 24h and activations of 
them up-regulated the expression of proinflammatory cytokines 
like tumor necrosis factor-α (TNF-α) and interleukin-1β 
(IL-1β)[30,32-33].
As a long pentraxin, PTX3 has a common structural motif 
with the short pentraxins. C-reactive protein (CRP) and 
serum amyloid P component (SAP) are the two classic 
short pentraxins and CRP is known as an early marker of 
inflammation[8]. In our study, we also found an early induction 
of PTX3 by A. fumigatus in infected cornea. PTX3 expression 
was visible at 8h and peaked at 16h after A. fumigatus 
infection, indicating an early role of PTX3 during cornea anti-
fungi immune response. The early rapid expression of PTX3 
was similar to that in HCECs[20]. The occurrence of FK was 
initiated from the invasion of fungi spores in damaged cornea 
tissues. PTX3 plays an important role in the recognition 
and ingestion of A. fumigatus spores, so the immediate up-
regulation of PTX3 maybe count for the elimination of 
invading spores. Similar results were proved by other previous 
studies. PTX3 expression was up-regulated at 1h with a 
peak between 2 and 6h in IL-1β stimulated human umbilical 
vein endothelial cells[15]. At the presence of A. fumigatus 
stimulation, a rapid detectable immunoreactivity of PTX3 in 
macrophages was also demonstrated at 1h[18]. Reasons that 
PTX3 expression in vivo was prolonged compare to in vitro 
results may be due to the complexity of the immune system. 
It is known that the innate immune response occurred with 4 
to 96h after infection[34], so PTX3 participated in the innate 
immune process against A. fumigatus invasion.
The protective role of PTX3 has been proved both by in vivo 
and in vitro experiments. Compared with A. fumigatus conidia 
alone, the production of monocyte chemotactic protein-1 
(MCP-1 or CCL-2) in mononuclear phagocytes is up-regulated 
by conidia and exogenous PTX3, resulting in the migration 
of monocytes and macrophages to infection sites. PTX3 also 
restores the ability of PTX3-/- dendritic cells to respond to 
A. fumigatus conidia[18]. Other research with bone marrow 
transplantation mice also found that PTX3 administration 
cured mice with A. fumigatus infection and increased 
resistance to reinfection in the lung[35]. These findings imply 
that up-regulation of PTX3 by corneal epithelial cells may 
protect cornea from A. fumigatus infection by regulation the 
ability of immune cells and corneal resistance. As Erreni 
et al[36] concluded, PTX3 may act as a sensor of tissue injury.
In conclusion, we provided experimental evidence that PTX3 
may be induced by A. fumigatus to protect cornea from 
infection. As a member of corneal early innate immunity, 
PTX3 contributes to the inflammatory response in FK rat 
models.
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