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[ Abstract] Objective To investicate the mechanism of tissue damage caused by neutrophil matrix
metalloproteinase-8 (MMP-8) in Fusarium keratitis. Methods A total of 108 male C57BL/6J SPF grade mice,
6-8 weeks old,were selected to establish a model of Fusarium keratitis (FK) in the right eyes. Corneal inflammation
in mice was observed and scored under a slit lamp microscope. Based on the corneal inflammation scores,the modeling
eyes were divided into 0,12,24,48 Jand 72-hour groups post-modeling. At the corresponding time points, mice were
euthanized, and corneal tissues were collected. The expressions of MMP-8, adenylate-activated protein kinase
(AMPKa) and its serine 172-site phosphorylated form ( p-AMPKa ) proteins in corneal tissues were detected by
Western blot. The neutrophil count in mice corneal tissues at each time point was determined using hematoxylin and
eosin staining. The co-localization of neutrophils and MMP-8 protein in the cornea was observed by
immunofluorescence staining. In the in vitro corneal collagen degradation experiment, corneal tissues were divided into
MMP-8 group,buffer group,and normal saline group,which were treated with 100 pl of activated recombinant MMP-8,
detection buffer, and normal saline, respectively. Hydroxyproline content in corneal tissues was determined using a
hydroxyproline assay kit, and the mass fractions of hydroxyproline were compared among the groups. Peripheral blood
neutrophils were isolated from human blood samples, and Fusarium spores were collected for experiments. Human
neutrophils were divided into four groups,negative control group ( cultured neutrophils) , co-culture group ( neutrophils
co-cultured with spores) , AICAR-treated group (neutrophils co-cultured with spores and treated with p-AMPK protein
kinase activator AICAR) , and compound C-treated group ( neutrophils co-cultured with spores and treated with the
inhibitor compound C).The MMP-8 protein expression levels in each group of human neutrophils were assessed via
immunofluorescence staining. The use and care of animals complied with the ARVO statement and Regulations for the
Administration of Affairs Concerning Experimental Animals. The animal experiment protocol was approved by the
Animal Ethics Committee of Henan Eye Hospital ( No. HNEECA-2017-04-02 ). One healthy adult volunteer was
selected and 10 ml of peripheral venous blood was collected. The clinical study protocol was approved by the Clinical
Ethics Committee of Henan Eye Hospital ( No. HNEECKY-2019[ 16]). Results At 24 hours post-modeling,
corneal opacification was observed in the modeling eyes, and corneal perforation occurred in 72-hour post-modeling
group. The corneal inflammation scores in 24,48 and 72-hour post-modeling groups were all higher than those in
12-hour post-modeling group, and the differences were statistically significant (all at P < 0.001 ). The relative
expression levels of MMP-8 protein in the cornea were higher in 12,24 and 48-hour post-modeling groups compared
to 0-hour group,with statistically significant differences (all at P<0.001). There was a moderate positive correlation
between the relative expression level of MMP-8 protein in the cornea and the inflammation scores of the modeling eye
(r,=0.50,P<0.05).In the cornea,the p-AMPKa (Thr 172)/AMPKa ratio was higher in 24,48, and 72-hour post-
modeling groups than in 0-hour group, and the differences were statistically significant (all at P <0.05). The
p-AMPKa ( Thr 172) /AMPKa ratio in the cornea was moderately positively correlated with the relative expression
level of MMP-8 protein (r=0.54,P<0.01). The number of neutrophils in the cornea was significantly higher in 24,
48, and 72-hour post-modeling groups than in 0-hour group, with statistically significant differences ( all at
P<0.001). The number of neutrophils in the cornea was strongly positively correlated with the inflammation score
(r,=0.77,P<0.001) ,and was moderately positively correlated with the relative expression level of MMP-8 protein
(r=0.56,P <0.05). MMP-8 protein expression in the cornea of the modeling eyes showed a high degree of
co-localization with neutrophils. The hydroxyproline content in the cornea was (0.52+0.02) wg/mg, (0.51 +
0.03) wg/mg,and (0.27+0.02) wg/mg in buffer group,normal saline group and MMP-8 group, respectively, with a
significant overall difference among them ( F=156.63,P<0.01). The corneal hydroxyproline content was lower in
MMP-8 group compared to buffer and normal saline groups, and the differences were statistically significant ( all at
P<0.05). In the experiment involving the infection of cultured Fusarium spores with human neutrophils, the
fluorescence intensity of MMP-8 expression was significantly higher in AICAR-treated group than in negative control
group and compound C-treated group,with statistically significant differences (all at P<0.05). Conclusions The
MMP-8 secreted by neutrophils in mice with fungal keratitis can degrade corneal stromal collagen fibers, leading to

corneal opacification or perforation. The variations in MMP-8 protein expression levels in human neutrophils may be
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associated with AMPK activation.
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Figure 2 MMP-8 protein expression of modeling eyes at different

A: Electrophoretogram of MMP-8

F=9.89,

time points following modeling
protein expression of modeling eyes at different time points B :Comparison
of MMP-8 protein relative expression level in cornea among different time
points  F=9.89,P<0.01. Compared with 0 hour after molding,"P<0. 05
(One-way ANOVA ,LSD-; test,n=15)
GAPDH ; glyceraldehyde-3-phosphate dehydrogenase

MMP : matrix metalloproteinase ;
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Figure 3 Correlation of MMP-8 relative expression with

inflammation score in modeling eyes The relative expression of MMP-8

in cornea was positively correlated with inflammation score (r = 0.50,

P<0.05) (Spearman rank correlation analysis, n=25)  MMP . matrix

metalloproteinase
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Figure 4 Comparison of p-AMPK expression in cornea among
different time points following modeling A: Electrophoretogram of
p-AMPK protein expression in cornea among different time points B:
Comparison of relative expression levels of p-AMPKa ( Thr172)/AMPKa
protein in cornea among different time points F=3.11,P<0.05. Compared
with O hour after molding,"P < 0.05 ( One-way ANOVA, LSD-¢ test,
n=18) AMPK: adenosine 5-monophosphate-activated protein kinase;
GAPDH ; glyceraldehyde-3-phosphate dehydrogenase
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Figure 5 Correlation of p-AMPKa ( Thr 172) /AMPKa« expression
with MMP-8 expression p-AMPKa ( Thr 172)/AMPKa expression
was moderately positively correlated with MMP-8 expression in cornea
(r=0.54,P<0.01) (Pearson linear correlation analysis, n = 25)
AMPK; adenosine 5-monophosphate-activated protein kinase; MMP .

matrix metalloproteinase
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Figure 6 Slit lamp microphotographs and histopathological
findings of corneal lesions at various time points following modeling
The inflammation of the corneas was gradually aggravated over the time,and
the number of neutrophils was obviously increased A : Manifestation of
corneal lesion under a slit lamp microscope at each time point B The
pathohistological findings of lesions ( HE x 200, bar = 100 wm)  The
C: Magnified view of the

corneal lesion was marked in square frame

corneal lesion (HE x400,bar=20 pm)
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Figure 7 Correlations of neutrophil count with inflammation score
or MMP-8 protein expression A: Neutrophil count was positively
correlated with inflammation score (r; =0.77, P<0.001) ( Spearman
rank correlation analysis, n = 20)  B: Neutrophil count was positively

correlated with MMP-8 protein expression (r=0.56, P<0.05) (Pearson

linear correlation analysis,n=20) MMP :matrix metalloproteinase
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Figure 8 MMP-8 protein expression in neutrophils in the cornea

Pearson_Rr

A:MMP-8 encompassed neutrophil segmented nuclei, showing green
fluorescence ( Alexa fluor 488), and neutrophil nuclei presented blue
fluorescence ( DAPI) ( x 400, bar = 50 wm) B. Fitted plot of
fluorescence co-localization analysis  C : Histogram of calculated results of
fluorescence co-localization analysis ( Pearson_Rr=1,Overlap_R=1)

MMP : matrix metalloproteinase ; DAPI; diaminidine phenyl indole
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Figure 9 Immunofluorescence staining of MMP-8 expression in
human neutrophils nuclei MMP-8 expression showed green
fluorescence ( Alexa fluor 488) and human neutrophil nuclei presented

blue fluorescence ( DAPI) (X200, bar =100 wm)

was stronger in AICAR-treated group than in negative control group and

The fluorescence

compound C-treated group MMP : matrix metalloproteinase; DAPI:

diaminidine phenyl indole
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