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Abstract
● AIM: To analyze the impact of calcitonin gene-related 
peptide (CGRP) in mouse keratitis after Aspergillus fumigatus 
(A. fumigatus) infection. 
● METHODS: C57BL/6 mice were treated subconjunctivally 
with different concentrations of exogenous CGRP, and BALB/c
mice were treated with CGRP8-37 (a CGRP antagonist) 
before corneas were infected with A. fumigatus. The cornea 
was assessed under the slit-lamp and the clinical score 
was recorded. The mRNA levels of IL-1β, TNF-α, IL-6, and 
MIP-2 were detected by quantitative real-time polymerase 
chain reaction (PCR), while the protein level of IL-1β was 
determined by Western blotting. In vitro, RAW264.7 cells 
were used to investigate NLRP3 and IL-1β expression 
induced by A. fumigatus after the pretreatment of exogenous 
CGRP or CGRP8-37. Cytokines expression in RAW264.7 cells 
was evaluated by real-time PCR and Western blotting.
● RESULTS: Using exogenous CGRP resulted in down-
regulated synthesis of IL-1β and MIP-2 stimulated by 
A. fumigatus in C57BL/6 mice keratitis, and the synthesis of 
IL-1β, MIP-2 and IL-6 was up-regulated in BALB/c mice corneas 
after the pretreatment with CGRP8-37. Pretreatment 
with exogenous CGRP and CGRP8-37 did not influence 
TNF-α mRNA levels either in BALB/c or C57BL/6 mice 
keratitis. The levels of NLRP3 and IL-1β were both reduced 
in A. fumigatus stimulated-macrophages after treatment 
with exogenous CGRP. And CGRP8-37 pretreatment would 
increase NLRP3 and IL-1β levels. 
● CONCLUSION: CGRP may alleviate the inflammatory 
reaction in mice keratitis after infection with A. fumigatus. 
The anti-inflammatory effect may be related to the inhibition 
of NLRP3 expression by CGRP. 
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INTRODUCTION

F ungal keratitis (FK) is recognized as a difficult ocular 
disease which may cause damage to the cornea and 

visual impairment[1-2]. Aspergillus fumigatus (A. fumigatus) 
is a commom pathogenic fungi, that can induce immune 
damage[3-4] which is involved in corneal injury. 
Calcitonin gene-related peptide (CGRP), widely distributed 
in the nervous systems[5-6], plays a role of neuroimmunity in 
macrophages[7], neutrophils[8] and other cells of inflammation[9]. 
Many researchers pointed out that CGRP is one of the 
most abundant neuropeptide in mouse cornea based on the 
description of nerve architecture and sensory neuropeptides 
distribution. A recent research has shown that CGRP 
expression is increased in mouse corneas in response 
to A. fumigatus infection and it has an anti-inflammatory 
function by regulating the levels of certain cytokines in mouse 
macrophages[10]. However, the mechanism of CGRP in keratitis 
caused by A. fumigatus has never been studied. NLRP3 is one 
of the pattern recognition receptors (PRRs). It can recognize 
a variety of pathogens including fungi[11-12]. Coupling the 
Caspase-1, NLRP3 up-regulates the inflammatory factor 
IL-1β. In the study of lipopolysaccharide (LPS)-induced 
acute lung injury[7], CGRP expression can significantly down-
regulated NLRP3 and its downstream inflammatory factor 
IL-1β caused by LPS. Study confirmed that the stimulation 
of A. fumigatus increased the activity of NLRP3, Caspase-1 
and IL-1β in human monocytes[11]. And recently some studies 
have demonstrated that CGRP can attenuate the LPS-induced 
inflammatory cytokines by inhibiting the inflammasome 
activation of NLRP3 pathway in stimulated-RAW264.7 
macrophages[7,13-14]. Based on previous studies, we considered 
that CGRP attenuates inflammatory reaction in A. fumigatus 
keratits through the inhibition of NLRP3 expression. In 
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this study, the mice were pretreated with exogenous CGRP 
and CGRP8-37 respectively to confirm anti-inflammatory 
effect of CGRP level in vivo. Then different concentrations 
of exogenous CGRP and CGRP8-37 were used to pretreat 
RAW264.7 cells stimulated by A. fumigatus respectively to 
observe the inhibitory influence of CGRP on inflammation and 
its mechanism from the NLRP3 expression.
MATERIALS AND METHODS 
Ethical Approval  The animals treaty was ratified by the 
Research Ethics Committee under the Affiliated Hospital 
of Qingdao University according to the Use of Animals 
in Ophthalmic and Vision Research of the Association for 
Research in Vision and Ophthalmology Statement. 
Reagents  Sabouroud culture came from Babio biotech 
(Jinan, Shandong Province, China). Dulbecco’s modified 
Eagle’s medium (DMEM) was derived from Gibco (San 
Diego, California, USA). RNAiso Plus, TB GreenTM Premix 
Ex TaqTM II and reverse-transcription polymerase chain 
reaction (RT-PCR) kit were received from TaKaRa (Dalian, 
China). BCA Protein Assay Kit, ammonium persulfate, 
phosphate buffer saline (PBS), phenylmethylsulfonyl fluoride 
(PMSF), polyvinylidene difluoride (PVDF) membrane and 
radio immunoprecipitation assay (RIPA) lysis buffer were 
obtained from Solarbio (Beijing, China). Sample loaded buffer, 
confining liquid and sodium dodecyl sulfate polyacrylamide 
gel electrophoresis (SDS-PAGE) were obtained from Beyotime 
Biotechnology (Shanghai, China). Chemiluminescence 
(ECL) came from Thermo Fisher Scientific (Waltham, MA, 
USA). Exogenous CGRP neuropeptide was collected from 
MedChemExpress (New Jersey, USA), and competitive CGRP 
receptor antagonist (CGRP8-37) was collected from Abcam 
(Cambridge, UK). NLRP3 and IL-1β antibody were purchased 
from Abcam (Cambridge, UK).
Mice and Corneal Infection  Eight-week-old female BALB/c 
and C57BL/6 (specific pathogen-free) mice coming from 
Jinan Pengyue Experimental Animal Co., Ltd. (Shandong 
Province, China) were weighed between 20-30 g. Daily care, 
anesthesia, and corneal treatment of the mice were performed 
in accordance with laboratory methods[15]. The ocular surfaces 
were manipulated under a stereoscopic microscope. The left 
eye of the mouse was set as experimental eye. At the 1, 3, 5d 
post infection (p.i.), the mice were sacrificed. And corneas 
were collected for real-time PCR and Western blot. 
A. fumigatus Incubation  A. fumigatus were obtained from 
China General Microbiological Culture Collection Center 
(No.3.0772) inoculated in Sabouroud medium shaken at 
37℃ for 2d, and were disrupted into 20-40 μm fractions. 
Germ-free PBS was used to wash A. fumigatus three times, 
then the supernatant was removed. The fractions with (for in 
vitro) or without (for in vivo) inactivation reached the final 

concentration of 1×108 CFU/mL with DMEM.
RAW264.7 Cells Culture and Incubation with A. fumigatus  
RAW264.7 (Shanghai Chinese Academy of Sciences) murine 
cells plated in 12-well-plate for real-time PCR and 6-well 
cell culture plate for Western blot were cultured according 
to the previous methods[15]. When the macrophages reached 
80% confluence, CGRP (10 and 30 ng/mL) and CGRP8-
37 (100 ng/mL) were used to pretreat the cells for 30min 
respectively. After pretreatment, the cells of all groups were 
exposed to A. fumigatus hyphae (final concentration of 
5×106 CFU/mL) for 12h for mRNA detection and 24h for 
protein expression. 
CGRP and CGRP8-37 Treatment of C57BL/6 and BALB/c Mice  
Subconjunctival injection with CGRP (0.1 and 1 μg/5 μL) or 
control PBS was performed respectively in the experimental 
eye (n=6/group) of C57BL/6 mice the day before the 
experiment. An additional CGRP (0.1 μg/200 μL and 
1 μg/200 μL) or control PBS was given to C57BL/6 mice 
respectively by intraperitoneal injection at 1, 2, 3, 4, and 5d 
after infection. CGRP8-37 (0.2 μg/5 μL) or control PBS was 
injected in the experimental eye of BALB/c mice respectively 
before the infection, then an additional CGRP8-37 (0.2 μg/ 
200 μL) or control PBS was injected respectively at 1, 2, 3, 4, 
and 5d p.i.
Quantitative Polymerase Chain Reaction  Total RNA 
extracted from macrophages or corneas was quantified quickly 
according to the previous methods[10]. Complementary DNA 
was obtained through reverse transcription of 1 μg total RNA. 
The 2 μL cDNA diluted in 23 μL diethylpyrocarbonate-treated 
water was used in the RT-PCR (20 μL reaction volume). 
β-actin was used as an internal control. The sequences of 
oligonucleotide primers can be queried in Table 1.
Western Blot  Mouse cells or corneas were lysed in RIPA lysis 
buffer containing PMSF (100:1). The protein separated by 
SDS-PAGE gels was transferred to PVDF membranes. After 
incubating the membranes with the target protein by blocking 
buffer (Beyotime) for 2h, blocked membranes were immersed 
by the primary antibody of the target protein at 4℃ overnight. 
After washing the membranes with PBS containing 0.05% 
Tween-20 three times, secondary antibody (Elabscience; 
Wuhan, China) was used to immerse the membranes at 
37℃ for 1.5-2h. The primary antibodies against the target 
protein were chosen: IL-1β (ABcam), NLRP3 (ABcam) and 
Tubulin (Elbscience). Tubulin was used as control. Those 
immunoreactive bands on the membranes were developed by 
ECL. 
Statistical Analysis  One-way ANOVA was chosen to analyze 
statistical difference of PCR and Western blot data with 
GraphPad 6.0 software. These data are shown as the mean±SD. 
All the differences were considered significant at P<0.05. 

CGRP in Aspergillus fumigatus keratitis
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RESULTS 
Different Expression of CGRP in the Corneas of BALB/c 
and C57BL/6 Mice Infected by A. fumigatus  The C57BL/6 
and BALB/c mice keratitis models on 1, 3, and 5d were 
established at the same time by A. fumigatus to compare their 
CGRP levels (Figure 1A). Relative CGRP mRNA in control 
and infected mice corneas were tested by RT-PCR. The results 
showed that both BALB/c and C57BL/6 mouse normal cornea 
expressed CGRP, and after A. fumigatus infection, the up-
regulated expression of CGRP mRNA reached the highest 
at 3d p.i. BALB/c corneas have higher CGRP expression than 
C57BL/6 at 1, 3, and 5d p.i. (Figure 1B; P<0.05, P<0.01, P<0.05). 
Inflammatory Response after Exogenous CGRP 
Pretreatment  C57BL/6 mice were given exogenous CGRP 
pretreatment. The role of exogenous CGRP in modulating the 
inflammatory reaction was evaluated by photographs obtained 
from silt lamp (Figure 2A), and clinical score[16] was used to 
quantify the degree of inflammatory response (Figure 2B). The 
result showed that the pretreatment with exogenous CGRP (a 
CGRP agonist; 5 and 50 μmol/L) decreased the inflammatory 
reaction of A. fumigatus keratitis in C57BL/6 mice at 3d p.i. 

And the levels of clinical scores in exogenous CGRP (5 and 
50 μmol/L) treatment groups were less than the scores in the 
control group (P<0.01 and P<0.05).
Effect of Exogenous CGRP on Inflammatory Cytokines in 
the Cornea of C57BL/6 Mice Infected with A. fumigatus  
To evaluate the effect of CGRP in inflammation of corneal 
tissue caused by A. fumigatus, C57BL/6 mice were given 
exogenous CGRP (a CGRP agonist; 5 and 50 μmol/L) in 
different concentrations one day before infection. The mRNA 
expression of IL-1β, TNF-α, and MIP-2 in corneal tissue was 
measured by RT-PCR, and the protein level of IL-1β was tested 
by Western blot. Our study observed that the pretreatment of 
exogenous CGRP (5 and 50 μmol/L) obviously inhibited IL-1β 
mRNA levels induced by A. fumigatus hyphae (Figure 3A; 
P<0.01, P<0.01). CGRP (5 and 50 μmol/L) also inhibited 
mRNA of MIP-2 at 3d p.i. (Figure 3B; both P<0.01). But the 
exogenous CGRP (5 and 50 μmol/L) did not change TNF-α 
mRNA levels (Figure 3C; both P>0.05). Through Western 
blot measurement (Figure 3D-3E; P<0.001), we found that IL-1β 
protein was reduced after treatment with exogenous CGRP 
(5 μmol/L). 

Table 1 Nucleotide sequences of mouse primers for PCR

Genes GenBank No. Primer sequence (5’-3’) Size (bp)

β-actin NM_007393.3 F: GAT TAC TGC TCT GGC TCC TAG C 
R: GAC TCA TCG TAC TCC TGC TTG C

147

CGRP NM_007587.2 F: GGA CTT GGA GAC AAA CCA CCA
R: GAG AGC AAC CAG AGA GGA ACT ACA

118

IL-1β NM_008361.3 F: CGC AGC AGC ACA TCA ACA AGA GC
R: TGT CCT CAT CCT GGA AGG TCC ACG 

111

TNF-α NM_013693.2 F: ACC CTC ACA CTC AGA TCA TCT T
R: GGT TGT CTT TGA GAT CCA TGC

148

MIP-2 NM_009140.2 F: AAG TTT GCC TTG ACC CTG AA
R: AGG CAC ATC AGG TAC GAT CC

180

IL-6 NM_001314054.1 F: CAC AAG TCC GGA GAG GAG AC
R: CAG AAT TGC CAT TGC ACA AC

141

F: Forward; R: Reverse.

Figure 1 Expression of CGRP in C57BL/6 and BALB/c corneas  A: Representative eyes of C57BL/6 and BALB/c mice were photographed 
with a slit lamp after 3d (score 7) infection; B: mRNA levels of CGRP were significantly greater in BALB/c cornea than in C57BL/6 cornea at 1, 
3, and 5d p.i. 
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Inhibition of CGRP Magnified Inflammatory Effect of 
BALB/c Corneas Infected by A. fumigatus  CGRP8-37 
pretreatment was applied to BALB/c mice. Pretreatment of 
CGRP8-37 (a CGRP antagonist; 10 μmol/L) blocked the 
effect of CGRP in keratitis that supports its role as an anti-
inflammatory. The day before corneal infection in BALB/c mice, 
CGRP8-37 was injected subconjunctivally. In comparison with 
the infected control group, the mRNA levels of IL-1β (Figure 
4A; both P<0.001), MIP-2 (Figure 4B; both P<0.001) and 
IL-6 (Figure 4C; P<0.001, P<0.05) were significant increased 
statistically in CGRP8-37 treated group. And Western bands 
also implicated that the protein levels of IL-1β (Figure 4E-4F;  
both P<0.001) were basically increased in accordance with 
mRNA. The RT-PCR results of TNF-α (Figure 4D; P<0.001, 
P>0.05) showed that that TNF-α was not changed by 
CGRP8-37. 

CGRP Regulates NLPR3 and IL-1β mRNA and Protein 
Levels in Macrophages Interacted with A. fumigatus  We 
further investigated the mechanism of CGRP regulating 
inflammatory cytokines by testing NLRP3 and IL-1β 
levels in A. fumigatus stimulated RAW264.7 cells with and 
without CGRP pretreatment by RT-PCR and Western blot. 
After stimulation, the mRNA and protein levels of NLRP3 
increased (Figure 5B-5C, 5E; both P<0.001). The results 
also showed that the decrease of NLRP3 expression levels 
in A. fumigatus stimulated RAW264.7 cells after exogenous 
CGRP pretreatment. The exogenous CGRP (10 ng/mL) had 
an influence on mRNA levels of NLRP3 (Figure 5B; P<0.05). 
When the cells were treated with exogenous CGRP (30 ng/mL) 
before infection, the change of NLRP3 mRNA was apparent 
(Figure 5B; P<0.05). And the protein levels of NLRP3 
(Figure 5C, 5E; both P<0.001) were also suppressed under 

Figure 2 Exogenous CGRP treatment alleviates the inflammatory reaction of C57BL/6 mice cornea caused by A. fumigatus-infection  A: 
Compared with PBS group, exogenous CGRP (5 and 50 μmol/L) weakened the disease severity of keratitis from photographs obtained from slit 
lamp at 3d p.i. B: The clinical scores in exogenous CGRP (5 and 50 μmol/L) treated groups were significantly lower than the scores in PBS group.

Figure 3 Exogenous CGRP mitigates cytokines in A. fumigatus-infected C57BL/6 cornea  A, B: IL-1β and MIP-2 mRNA levels were both 
significantly mitigated in exogenous CGRP (5 and 50 μmol/L) treatment groups compared with A. fumigatus-infected group at 3d p.i.; C: The 
change of TNF-α mRNA levels were not statistically significant after various concentrations of exogenous CGRP (5 and 50 μmol/L) treatment at 3d p.i.; 
D, E: IL-1β protein level in exogenous CGRP (5 μmol/L) treatment group was reduced as compared with A. fumigatus-exposed control group at 3d p.i. 

CGRP in Aspergillus fumigatus keratitis
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the pretreatment of exogenous CGRP (10 and 30 ng/mL). We 
also detected changes in downstream inflammatory molecule 
IL-1β. The results showed that the level of IL-1β mRNA 
decreased after the treatment of exogenous CGRP (10 ng/mL), and 
IL-1β mRNA decreased when the concentration of exogenous 
CGRP reached 30 ng/mL (Figure 5A; P<0.05, P<0.001). 
Protein levels of IL-1β were decreased with the pretreatment 
of exogenous CGRP (10 and 30ng/mL) after A. fumigatus 
stimulation (Figure 5C, 5D; both P<0.001). 
Effect of CGRP8-37 on NLRP3 Level and its Downstream 
Molecule IL-1β in RAW264.7 Cells after Stimulation with 
A. fumigatus  To further confirm the effect of CGRP in NLRP3 

pathway, cells were incubated with pre-tested concentration 
of CGRP8-37 (a CGRP antagonist, 100 ng/mL) 30min, then 
followed by exposure to A. fumigatus. RT-PCR was used to test 
the levels of cytokines mRNA in macrophages. Data showed 
that antagonist promoted the levels of NLRP3 and IL-1β 
mRNA after A. fumigatus infection (Figure 6A, 6B; P<0.05). 
The results from Western blot showed that the production of 
NLRP3 and IL-1β protein was increased at 24h p.i. after the 
pretreatment of CGRP8-37 (100 ng/mL) for 30min (Figure 
6C-6E; all P<0.001).
DISCUSSION
Neuropeptides are involved in many fungal diseases[17-18]. 

Figure 4 CGRP8-37 pretreatment regulated inflammatory cytokines in BALB/c cornea infected by A. fumigatus  A-C: In CGRP8-
37 (10 μmol/L) treatment group, mRNA levels of IL-1β, MIP-2, and IL-6 were elevated compared with A. fumigatus-exposed control group at 
3d p.i.; D: The change of TNF-α mRNA was not statistically significant after the injection of CGRP8-37 (10 μmol/L); E, F: CGRP8-37 
(10 μmol/L) treatment increased the level of IL-1β protein induced by A. fumigatus at 3d p.i. 

Figure 5 CGRP regulates NLRP3 levels induced by A. fumigatus in RAW264.7 cells  A, B: The levels of NLRP3 and IL-1β mRNA were 
decreased in certain concentrations exogenous CGRP (10 and 30 ng/mL) after 12h stimulation with A. fumigatus; C-E: The levels of NLRP3 and 
IL-1β protein induced by A. fumigatus were decreased with exogenous CGRP (10 and 30 ng/mL) treatment at 24h. 
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CGRP, as an important neuropeptide, can regulate the 
expression of inflammatory cytokines and inhibit excessive 
inflammation[19-22]. 
Results in this research revealed that C57BL/6 and BALB/c mice 
implicated constitutive expression of corneal CGRP. Using 
the mouse model of keratitis caused by A. fumigatus, the 
CGRP level of mice cornea was increased and reached the 
highest at 3d p.i. And BALB/c corneas expressed more CGRP 
than C57BL/6 corneas at 1, 3, and 5d p.i. These implied that 
CGRP may have a protective role in A. fumigatus keratitis 
as evidenced by previous studies[10,23]. Analysing the clinical 
scores of A. fumgiatus keratitis after 3d infection of C57BL/6 
and BALB/c mouse pretreated by exogenous CGRP and 
CGRP8-37 respectively, we confirmed that exogenous 
CGRP at the certain concentration can shorten the course of 
disease and protect cornea in mice with A. fumigatus keratitis. 
These results support the previous study[10] revealing that 
the neuropeptide CGRP plays a protective role through the 
experiments of mouse macrophages. Since treatment with 
CGRP or CGRP8-37 can result in decreased or increased 
inflammatory response in mice cornea, inflammatory cytokines 
were used to test if changing CGRP level in mice had a 
corresponding inflammatory regulation. Exogenous CGRP at 
different concentrations can down-regulate the production of 
IL-1β and MIP-2 caused by A. fumigatus in mouse corneas, 
while CGRP8-37 (a CGRP inhibitor) can increase the secretion 
of IL-1β, MIP-2 and IL-6 in response to A. fumigatus in mice 
corneas. However, we did not find any statistical differences 
in the level of TNF-α synthesis induced by A. fumigatus in 
mice corneas which were pretreated with exogenous CGRP or 

CGRP8-37. This is in line with the previous study indicating 
that different concentrations of exogenous CGRP treatment 
did not change TNF-α level in LPS-stimulated RAW264.7 
cells[7], while IL-1β and MIP-2 levels were down-regulated 
after CGRP treatment and IL-1β, MIP-2, and IL-6 levels were 
up-regulated after CGRP8-37 treatment, which are in keeping 
with Yin et al’s study[10], supporting the anti-inflammatory 
action of CGRP in A. fumigatus keratitis.
As a member of the NLR family, NLRP3 is released by 
neutrophils and macrophages[13,24]. A previous study[25] showed 
that the NLRP3/Caspase-1 pathway played a pro-inflammatory 
role in A. fumigatus keratitis. In our study, mouse macrophages 
were pretreated with exogenous CGRP to enhance the effect 
of CGRP, while CGRP8-37 was used to weaken the effect of 
CGRP. Data showed that CGRP down-regulated the NLRP3 
expression induced by A. fumigatus stimulation, while it was 
observed that the processing of downstream inflammatory 
cytokines IL-1β was reduced in cells. Blocking CGRP effect 
can up-regulate NLRP3 expression in A. fumigatus stimulated 
cells, and inflammatory cytokine IL-1β level was tested to be 
up-regulated after pretreatment of CGRP8-37. This finding is 
consistent with previous studies[7,13-14] showing that CGRP has 
anti-inflammatory effect through inhibiting NLRP3 pathway 
stimulated by LPS. Our study provides support for the 
inhibition of the NLRP3 pathway by CGRP and played anti-
inflammatory role in A. fumigatus infection.
In conclusion, we first discovered that CGRP can down-regulate 
the activation of NLRP3 pathway caused by A. fumigatus 
and prevent excessive inflammatory reaction in A. fumigatus 
keratitis. Previous studies and our study further indicate that 

Figure 6 Inhibiting CGRP role was to prove the effect of CGRP on NLRP3 expression in RAW264.7 cells stimulated by A. fumigatus  A, 
B: CGRP8-37 (100 and 300 ng/mL) increased mRNA levels of NLRP3 and IL-1β compared with A. fumigatus hyphae-exposed control group 
at 12h; C-E: After CGRP8-37 (100 ng/mL) pretreatment, the protein levels of NLRP3 and IL-1β were up-regulated at 24h in comparison with 
infected control group. 

CGRP in Aspergillus fumigatus keratitis
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CGRP might be an important target for the treatment of 
A. fumigatus keratitis. However, the mechanism by which 
CGRP plays anti-inflammatory role in vivo is needed. This 
basic research also confirmed the role of neuro-immune 
regulation in FK. 
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