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PURPOSE. Our previous investigations revealed a significant role of methyltransferase-
like 3 (METTL3)-mediated N6-methyladenosine (m6A) modification in the development
of corneal inflammation in Fusarium infection, but the exact mechanism is unknown.
Therefore, this research aimed to explore how METTL3 affects the inflammatory process
of fungal keratitis (FK) in mice.

METHODS. We established in vitro and in vivo models by inoculating mice and primary
corneal stromal cells with F. solani. METTL3 expression was confirmed by real-time quan-
titative polymerase chain reaction, immunofluorescence, and western blotting. After that,
siRNAMETTL3 and AAV-sh-METTL3 were transfected into cells and mice to explore the
role of METTL3 in the PI3K/AKT signaling pathway and inflammation. PI3K, p-PI3K,
AKT, and p-AKT expression was analyzed by western blotting. Viability of corneal stro-
mal cells was measured using a Cell Counting Kit-8 (CCK-8). Additionally, we detected
interleukin (IL)-6, IL-1β, and tumor necrosis factor alpha (TNF-α) levels in corneal tissues
and analyzed the role of METTL3 in inflammation in FK using slit-lamp biomicroscopy
and hematoxylin and eosin staining.

RESULTS. Here, our results show that METTL3 increased in mouse FK, and the expression
of p-PI3K and p-AKT decreased when METTL3 was downregulated. We also found that
knockdown of METTL3 expression attenuated the inflammatory response and decreased
TNF-α, IL-1β, and IL-6 expression in corneal-infected mice. Furthermore, inhibition of the
PI3K/AKT pathway attenuated the inflammatory response of FK, decreased the expres-
sion of the above inflammatory factors, and enhanced the viability of corneal stromal
cells.

CONCLUSIONS. Based on the study results, METTL3 downregulation attenuates Fusarium-
induced corneal inflammation via the PI3K/AKT signaling pathway.

Keywords: fungal keratitis, N6-methyladenosine methylation, METTL3, PI3K/AKT signal-
ing pathway

Fungal keratitis (FK) is an aggressive infectious corneal
disease caused by pathogenic fungi that can often

result in severe visual impairment or even harm the entire
eyeball.1,2 Previous studies have shown that the pathogenic
bacteria of FK are mainly Fusarium, Aspergillus, and
Candida, among which Fusarium solani (F. solani) is the
most reported species in many countries, accounting for
25% to 73.3%.3 Studies have shown that the outcome of
FK mainly depends on the ability of the body to elim-
inate pathogenic fungi and the virulence of pathogenic
bacterial species.4 Due to the toxicity, side effects, and
development of drug resistance, antifungal therapies using
currently available drugs are limited.5 Therefore, in-depth
exploration of the pathogenesis of FK can provide a
theoretical basis for the development of new therapeutic
targets.

N6-methyladenosine (m6A) is the most widely exist-
ing posttranscriptional modification of eukaryotic mRNA,
which is closely related to a variety of physiological

or pathological processes of the body.6,7 As a dynamic
reversible process, m6A modification is finely regulated by
methyltransferase-like (METTL)3, METTL14, WT1-associated
protein, the demethylating enzyme fat mass and obesity-
associated protein, and AlkB homolog 5.8–10 More recently,
m6A modifications have been identified as key regulators
of immune cell function against bacteria and viruses.11

Additionally, METTL3, the most important component of
the “writer” complex, plays important roles in the regu-
lation of the immunoinflammatory response. In a recent
study, silencing of the METTL3 gene significantly downreg-
ulated the m6A modification levels of cluster of differen-
tiation (CD)80, CD40, and TIR domain-containing adaptor
protein transcripts in dendritic cells, resulting in reduced
protein expression and decreased ability of dendritic cells
to secrete the cytokine IL-12 and activate T cells.12 Recent
studies have shown elevated METTL3 expression in differ-
ent acute kidney injury models, as well as in human
biopsies and cultured tubular epithelial cells. Moreover,
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knockdown of METTL3 attenuated renal inflammation and
programmed cell death in tubular epithelial cells.13 Notably,
our previous research revealed that significantly increased
levels of METTL3 in the corneal tissue of F. solani-infected
mice.14 However, the molecular pathway and mechanism
of the function of METTL3 in FK has not been well
elucidated.

The phosphatidylinositol 3-kinase/serine–threonine
protein kinase (PI3K/AKT) pathway is the main signaling
pathway enriched for differentially m6A-modified genes and
is widely involved in performing multiple biological func-
tions.15 The study of this pathway in recent years has shown
that it also aids the infection and pathogenic processes
of different microbes and plays a role in several corneal
diseases.16,17 Bacteria activate the PI3K/AKT signaling path-
way via bacterial lipopolysaccharide (LPS) in vitro to induce
inflammation in corneal epithelial cells.18 In fungal FK,
the extracellular polysaccharide EPS-II partially inhibited
the adhesion of Candida albicans to corneal epithelial
cells, partially inhibited PI3K/AKT signaling, and reduced
the levels of associated inflammatory factors.19 The above
findings suggest that the PI3K/AKT signaling pathway plays
a crucial role in FK immunoregulation, and further studies
on the regulation of the PI3K/AKT pathway are of great
significance in understanding the immunoregulation of
fungal infection and the mechanism of corneal immunity
against fungal infection.

The role of METTL3 in FK was explored by regu-
lating METTL3 expression and observing changes in the
PI3K/AKT pathway and inflammatory response. Our study
aimed to elucidate the mechanism of the role of METTL3
in the process of corneal fungal infection and to develop
new therapeutic strategies by establishing a theoretical
foundation.

MATERIALS AND METHODS

Animals and Corneal Infections

The experiments were conducted on 200 wild-type BALB/C
mice, 6 to 8 weeks old, purchased from Jinan Pengyue Exper-
imental Animal Center in Jinan, China, and mice without
any corneal lesions were screened by slit-lamp microscopy
before the experiments. Mice were housed according to
the ARVO Statement for the Use of Animals in Ophthalmic
and Vision Research. Mice were anesthetized with 0.25 to
0.3 mL of 0.6% sodium pentobarbital anesthetic solution,
and their whiskers were trimmed after successful anesthe-
sia. Superficial anesthesia was performed using oxybupro-
caine hydrochloride eye drops. Under an operating micro-
scope, the eyes were fixed with forceps, and their corneal
epithelium was scraped with an electric epithelial scraper
so that the area of the epithelial defects was approximately
the same. A 5-μL F. solani suspension was topically added

to the eye surface. Next, the corneal surface of the anes-
thetized mice was placed with rat corneal buckles. A single
stitch was then placed in the center of the eyelids with 7-0
sutures. The rats were labeled and the eyelids were unrolled
after 24 hours.20 The severity of the condition was assessed
by removing the filter paper pieces and photographing them
for observation on days 1, 3, 5, and 7. A scale from 0 to
4 was used to score cloudiness density, cloudy area, and
surface regularity. There were three levels of severity: mild
(5 points), moderate (5–9 points), and severe (9–12 points).21

The material was also used for western blotting, polymerase
chain reaction (PCR), immunofluorescence, and other exper-
iments when appropriate.

Primary Cell Culture

The corneas of mice were immersed for 12 hours at 4°C
in Dispase II (15 mg/mL; Sigma-Aldrich, St. Louis, MO,
USA). The next day, the peeled corneal rim epithelium
was carefully removed. The posterior elastic and endothe-
lial layers were removed from the cornea, and a portion of
the corneal stroma was cut. After cleaning the tissues with
sterile phosphate-buffered saline, the tissue was digested
in type I collagenase and shaken for 2 hours. Cultured
corneal stromal cells were cultivated at 37°C and 5% CO2

in Dulbecco’s Modified Eagle Medium/Nutrient Mixture F-
12 (DMEM/F-12; Sigma-Aldrich) containing 10% fetal bovine
serum. A 48-hour medium change was carried out for the cell
culture.

RNA Extraction and Real-Time Quantitative PCR

We cut the corneas of mice into pieces, extracted the
total RNA using TRIzol Reagent (Thermo Fisher Scientific,
Waltham, MA, USA), and finally obtained the RNA (n = 6 per
group).22 A Thermo Scientific RevertAid First Strand cDNA
Synthesis Kit (Thermo Fisher Scientific) was used to synthe-
size the cDNA. SYBR-Green Master Mix (Highland Biolog-
icals, Takara, Japan) was used for the real-time quantita-
tive PCR, and the internal reaction control was carried out
using the β-actin gene.23 The primers are listed in the Table.
Circulation thresholds were obtained for each target and
endoreactive gene. We calculated and analyzed the rela-
tive expression levels of the target genes using the 2−��Ct

method.

Hematoxylin and Eosin Staining

We fixed the eyes of different groups of mice with 4%
formaldehyde. A graded ethanol series was used to dehy-
drate the corneal tissues, which were embedded in paraf-
fin and then cleaned and cut into 5-μm-thick sections.
Finally, under the microscope, the pathological changes

TABLE. Primers Used in This Study

Gene Forward tReverse

METTL3 CGCTGCCTCCGATGTTGATCTG CTGACTGACCTTCTTGCTCTGCTG
IL-1β CTTTCCCGTGGACCTTCCA CTCGGAGCCTGTAGTGCAGTT
IL-6 ACCACTCCCAACAGACCTGTCT CAGATTGTTTTCTGCAAGTGCAT
TNF-α ACAAGGCTGCCCCGACTAC TGGGCTCATACCAGGGTTTG
β-actin GATTACTGCTCTGGCTCCTAGC GACTCATCGTACTCCTGCTTGC
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were observed after staining the sections with hematoxylin
and eosin (H&E).

Immunofluorescence

Then, 4% paraformaldehyde was used to fix the corneal
stromal cells, and the mouse insula was removed. We then
treated the samples with 0.1% Triton X-100 for 5 minutes,
followed by closure with 5% bovine serum albumin for
2 hours. The samples were incubated with primary anti-
body (ab195352; Abcam, Cambridge, UK) at 4°C overnight,
and the samples were incubated with Alexa Fluor fluores-
cently labeled secondary antibodies (Alexa Fluor 488 or
Alexa Fluor 594; Proteintech, Wuhan, China) for 2 hours in
the dark. Finally, images were taken using a fluorescence
microscope.

Western Blotting

Mouse corneal tissues or stromal cells were lysed
using radioimmunoprecipitation lysis buffer to extract the
proteins, and the total proteins were separated by 12.5%
sodium dodecyl sulfate–polyacrylamide gel electrophore-
sis (SDS-PAGE). Following electrophoresis, proteins were
transferred to polyvinylidene fluoride membranes through
Tris-glycine-SDS buffer and blocked. The main antibod-
ies included Recombinant Anti-METTL3 (ab195352; Abcam),
Anti-beta Actin (ab8227; Abcam), Akt Antibody (9272;
Cell Signaling Technology, Danvers, MA, USA), Phospho-
Akt (Ser473) (D9E) XP Rabbit mAb (4060; Cell Signal-
ing Technology), Recombinant Anti-PI 3 Kinase p85 alpha
(ab191606; Abcam), Anti-PI 3 Kinase p85 alpha (phospho
Y607) (ab182651; Abcam), Recombinant Anti-TNF alpha
(ab183218; Abcam), Anti-IL-1 beta (ab9722; Abcam), and
Anti-IL-6 (23431-1-AP; Proteintech). The membranes were
incubated with the primary antibodies overnight. The
primary antibody was recovered, and the membranes were
rinsed three times with Tris-buffered saline with 0.1% Tween
20 and then incubated for 2 hours with a specific secondary
antibody. Finally, the proteins were analyzed with enhanced
chemiluminescence detection reagents for quantification
(WBKLS0100; MilliporeSigma, Burlington, MA, USA).

Short Hairpin RNA Silencing Adeno-Associated
Virus and Small interfering RNA Transfection of
Pretreated Corneal and Corneal Stromal Cells

Short hairpin RNA silencing adeno-associated virus (AAV-sh-
METTL3) and Small interfering RNA (siRNAMETTL3) were
used to block the expression of METTL3. AAV-sh-METTL3
and AAV-NC (5 μL/10 μM; RiboBio, Guangzhou, China)
were infused subconjunctivally into mice 1 day before infec-
tion. Mouse corneas were then collected after day 5 of
Fusarium stimulation. Nine 1 × 104 cells/mL corneal stro-
mal cell suspensions were inoculated into 24-well plates
and pretreated with siRNAMETTL3 (50 nm/mL) and Small
interfering RNA Normal Control (siRNANC) (50 nm/mL) for
36 hours until the cells reached 70% to 80% confluence,
followed by stimulation with F. solani for 6 hours. The cells
were then analyzed by western blotting and RT-PCR.

Cell Counting Kit-8 Assay for Cell Viability

The cells to be tested were collected, centrifuged, resus-
pended with fresh solution, and counted. Cells were seeded

at 100 μL per well, 2000 cells in total, with three wells
for each set of samples; three or more experiments were
performed. After 12 hours of cell adhesion, corneal stromal
cells were co-incubated with fungal spores (multiplicity of
infection ≈ 5) for 6 hours, followed by the addition of Cell
Counting Kit-8 (CCK-8) reagent. After adding the reagents,
the cells were placed in a cell incubator and incubated
for 2 hours. Finally, the plate was placed at 450 nm for
measurement.

Cell Wound-Scratch Assay

Cells were divided into three groups: the control group, a
group transfected with siRNAMETTL3, and a group trans-
fected with siRNANC. After successful transfection, a 200-μL
gun tip was used to cause scratching and co-culture with
the fungus. Cells were photographed at 0 hours and at 24
hours to observe the condition of the cells. Cellular changes
in each group were analyzed using ImageJ software.

Statistical Analysis

All data are expressed as the mean ± standard deviation.
Each experiment was repeated more than three times, and
statistical analysis was performed using Student’s t-test or
one-way analysis of variance, with P< 0.05 being considered
statistically significant using Prism 8 (GraphPad, San Diego,
CA, USA).

RESULTS

Successful Establishment of a FK Model in Mice

We established an FK mouse model and observed the patho-
logical features of the mice during corneal infection under
a slit lamp. As evidenced by the pictures, the corneas of the
mice showed the clinical features of FK, including diffuse
corneal edema and ulceration after infection with F. solani,
and the inflammation peaked on day 5 and decreased on
day 7 (Fig. 1A). In addition, H&E staining showed conges-
tion and edema of the corneal rim on postoperative day 1,
corneal thickening and neovascularization on postoperative
day 3, and severe corneal damage and cellular infiltration
on postoperative day 5, with some local ulceration or perfo-
ration. On day 7, there was a tendency for inflammation to
decrease (Fig. 1B). The clinical scores were consistent with
these results (Fig. 1C).

METTL3 Expression Is Elevated in FK

After the FK mouse model was successfully established, the
corneas were removed on the first, third, fifth, and seventh
days. We found that the expression of METTL3 in corneas
infected with F. solani increased significantly on the fifth day
and then gradually declined (Fig. 2A). Then, an anti-vimentin
antibody was used to identify mouse corneal stromal cells.
We examined the changes in METTL3 expression in corneal
cells after co-culture with fungi at 1, 6, 12, and 24 hours
and found that the expression level of METTL3 peaked at 6
hours of co-culture compared to the control group (Fig. 2D).
In addition, we used western blotting to verify the expres-
sion of METTL3 protein in the above specimens. The results
were consistent with those shown by real-time quantitative
PCR (Figs. 2B, 2C, 2E, 2F). Thus, the follow-up experiments
were conducted on day 5 for the mouse model and at 6 hours
for the cell culture model. According to the immunofluores-
cence results, METTL3 protein expression was significantly
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FIGURE 1. Clinical features of the FK mouse model. (A) Slit-lamp photographs on days 1, 3, 5 and 7 after fungal infection. (B) Histopatho-
logical observation of H&E staining of mouse corneas. Scale bar: 50 μm. (C) Clinical score showing that inflammation reached its highest
level on day 5 (n = 6).

FIGURE 2. METTL3 is upregulated in FK in mice. (A–C) METTL3 expression in fungus-infected corneal tissues was significantly increased
on day 5. (D–F). METTL3 expression was increased in corneal stromal cells after fungal treatment and peaked at 12 hours postinfection.
(G) Immunofluorescence analysis of METTL3 in corneal tissue 5 days after fungal infection. Scale bar: 130 μm. (H) Immunofluorescence
analysis of corneal stromal cells 12 hours after fungal treatment. Scale bar: 70 μm. *P < 0.05, **P < 0.01, ***P < 0.001, ****P < 0.0001; n = 6.

increased at day 5 of corneal infection, whereas the same
trend was observed in corneal stromal cells 6 hours after F.
solani infection (Figs. 2G, 2H).

METTL3 May Be Involved in Mediating Activation
of the PI3K/AKT Signaling Pathway in FK

The silencing effect of siRNAMETTL3 and AAV-sh-METTL3
on METTL3 was examined by detecting the expression level

of METTL3 at day 5 of infection, which confirmed that
siRNAMETTL3 and AAV-sh-METTL3 both effectively down-
regulated the expression of METTL3 in mouse corneas, as
well as in corneal stromal cells. The results of RT-PCR and
western blotting showed that METTL3 was decreased in the
AAV-sh-METTL3 group after 5 days of infection compared to
the normal infection group (Figs. 3A–3C). Immunofluores-
cence results further supported this conclusion (Fig. 3D). In
corneal stromal cells, METTL3 was similarly downregulated
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FIGURE 3. Effect of silencing METTL3 on the PI3K/AKT signaling pathway in Fusarium-stimulated mouse corneas. Effective silencing of
METTL3 was confirmed by mRNA (A) and protein (B, C) levels and by immunofluorescence (D). Scale bar: 130 μm. After pretreatment
with AAV-sh-METTL3 (n = 6) and after pretreatment with siRNAMETTL3, (E) mRNA (E) and protein (F, G) levels and immunofluorescence
(H) confirmed the effective silencing of METTL3. Scale bar: 70 μm. (I, J) Phosphorylation of PI3K/AKT signaling pathway members in
Fusarium-stimulated mouse corneas. (K, L) Phosphorylation of PI3K/AKT signaling pathway proteins after Fusarium infection of corneal
stromal cells. ns, nonsignificant. *P < 0.05, **P < 0.01, ****P < 0.0001.

in the siRNAMETTL3 group (Figs. 3E–3H). Next, we prereg-
ulated METTL3 expression in mouse corneas and corneal
stromal cells using AAV-sh-METTL3 and siRNAMETTL3.
Compared to the control group,mouse corneas infected with
F. solani showed a reduction in the levels of p-PI3K protein
and p-AKT protein. However, there was no significant differ-
ence in total PI3K and AKT among the groups (Figs. 3I, 3J).
This was also demonstrated in corneal stromal cells in the
siRNAMETTL3 group (Figs. 3K, 3L). Thus, the observed
results demonstrate that METTL3 may have a significant
influence on FK by mediating the PI3K/AKT pathway.

METTL3 Mediated the Severity of Corneal
Inflammation In Vivo and In Vitro After F. solani
Infection

To further understand the role of METTL3 in FK, before
infecting the corneas of mice with F. solani we pretreated
the mice by subconjunctival injection of AAV-sh-METTL3.
Slit-lamp photography was performed 5 days after infection.
Compared to the F. solani group, the results demonstrate
that corneal edema, cloudiness, and stromal exudation were

remarkably alleviated in the AAV-sh-METTL3 group. In
comparison, the AAV-NC group and the control group did
not differ significantly (Fig. 4A). The degree of inflamma-
tory infiltration in the AAV-sh-METTL3 group appeared to
subside, as evident from the H&E staining results (Fig. 4B).
The clinical scoring results were consistent with the above
results (Fig. 4C). When we silenced METTL3, we found a
significant reduction in colonization in the corneas of mice
(Fig. 4G). Then quantitative RT-PCR and WB experiments
were performed to detect the inflammation-related indica-
tors IL-6, IL-1β, and TNF-α (Figs. 4D–4F, 4H–4J). WB results
revealed that the expression of interleukin (IL)-6, IL-1β,
and tumor necrosis factor alpha (TNF-α) was apparently
downregulated in the AAV-sh-METTL3 group compared
to the F. solani group. In the in vitro experiments, after
transfection with siRNAMETTL3 and co-culture with F.
solani, the scratching experiments showed that the cell
migration repair ability was improved in the siRNAMETTL3
group compared with the F. solani group, and the siRNANC
group did not significantly differ from the F. solani group
(Figs. 5A, 5B). We performed quantitative RT-PCR and
found that the expression of related inflammatory factors
was also reduced following downregulation of METTL3
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FIGURE 4. Downregulation of METTL3 expression attenuates the inflammatory response and improves FK clinical scores. (A) Slit-lamp
biomicrographs of mouse eyes 5 days after infection after pretreatment with AAV-sh-METTL3. (B) Histopathological observation of mouse
corneal H&E staining. Scale bar: 50 μm. (C) Clinical scores showed that the inflammatory response was significantly reduced in the AAV-sh-
METTL3 group compared with the FS group. (D–F) The mRNA levels of IL-1β, IL-6, and TNF-α were significantly lower in the AAV-sh-METTL3
group than in the FS group. (G) Number of corneal fungal colonies in each group of mice. (H–K) Protein levels of IL-1β, IL-6, and TNF-α
were significantly lower in the AAV-sh-METTL3 group than in the FS group. *P < 0.05, **P < 0.01, ***P < 0.001, ****P < 0.0001; n = 6.

(Figs. 5C–5E). According to the CCK-8 assay, mouse corneal
stromal cells were significantly more viable after downregu-
lation of METTL3 than the other groups (Fig. 5F). Therefore,
we hypothesized that downregulation of METTL3 could
reduce the inflammation of FK and thus improve the clinical
symptoms.

Inhibition of the PI3K/AKT Signaling Pathway
Alleviates Corneal Inflammation After F. solani
Infection

Because METTL3 is correlated with the PI3K/AKT signal-
ing pathway, we hypothesized that the PI3K/AKT pathway

might regulate keratitis caused by F. solani. To further inves-
tigate this hypothesis, we used a specific PI3K/AKT inhibitor,
LY294002, and co-cultured corneal stromal cells pretreated
with the inhibitor with Fusarium oxysporum. According
to western blot analysis, the degree of pathway activation
was decreased in the FS+LY294002 group compared to the
control group

(Figs. 6A, 6B). In addition, we detected the asso-
ciated inflammatory factors IL-6, IL-1β, and TNF-α by
quantitative RT-PCR (Fig. 6C). The CCK-8 results indi-
cated greater survival rates of corneal stromal cells
in the FS+LY294002 group than in the control group
(Fig. 6D).
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FIGURE 5. Effect of downregulation of METTL3 on corneal stromal cells co-cultured with F. solani. (A) Microscopic images of downregulated
METTL3 fungal co-cultured corneal stromal cells were observed by scratch experiments. (B) The gap area percentage and mobility were
analyzed by Image J. (C–E) The mRNA levels of IL-1β, IL-6, and TNF-α were significantly lower in the small interfering RNA targeting METTL3
(si-METTL3) group compared with the FS group. (F) The CCK-8 assay showed that the activity of corneal stromal cells in mice with low
METTL3 expression was significantly higher than that in controls. *P < 0.05, **P < 0.01, ****P < 0.0001; n = 6.

FIGURE 6. Effect of inhibition of the PI3K/AKT signaling pathway on inflammation in experimental FK. (A,B) Western blot analysis confirmed
that the PI3K/AKT signaling pathway was inhibited after the addition of LY294002. (C) The mRNA levels of IL-6, IL-1β, and TNF-α were
significantly downregulated in the FS+LY294002 group compared to the FS group. (D) The CCK-8 assay showed that the activity of corneal
stromal cells was significantly higher in LY294002-treated mice than in the control group. **P < 0.01, ****P < 0.0001; n = 6.
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DISCUSSION

Fungal keratitis is a highly aggressive, corneal-damaging
emergency that often leads to severe visual impairment
because of its rapid progression.24 Fusarium species are
among the most common etiologic agents of FK in China.25

The potent virulence and fungal aggressiveness of Fusar-
ium, as well as the lack of clinically effective antimicro-
bial agents, may lead to poor recovery.26,27 Therefore, it is
imperative to find effective therapeutic targets and thus regu-
late the progression of corneal inflammation. In addition to
playing a prominent role in many physiological processes,
m6A modification contributes to immune responses follow-
ing microbial infections.28–30 Several components contribute
to the regulation of m6A methylation. These include methyl-
transferases, demethylases, and binding proteins. METTL3,
one of the important methyltransferases in m6A modifica-
tion, is closely associated with a variety of physiological or
pathological processes in the body.31,32 Our study found that
METTL3 expression was upregulated in keratitis following F.
solani infection in mice. Previously, METTL3 was implicated
in inflammatory diseases.14 A recent study found that silenc-
ing METTL3 could maintain long-chain fatty acid uptake
by blocking TNF receptor associated factor 6–dependent
inflammatory responses.33 Recently, in a study on intestinal
bacterial infections, it was shown that METTL3 can influence
defensin expression through methylation activity and thus
protect against bacterial infections.34 However, it is unclear
exactly how METTL3 contributes to FK pathogenesis.

The PI3K/AKT signaling pathway, a typical signaling
pathway, regulates numerous cell biological processes,
including apoptosis, transcription, translation, metabolism,
and the cell cycle.35–37 In recent years, it has been shown
that this pathway is also implicated in infection and in
the pathogenesis of different microorganisms and has a
significant impact on various corneal disease.38,39 In our
previous research, the PI3K/AKT signaling pathway also
appeared to be activated in mice with FK.14 Recently, numer-
ous studies have also demonstrated that the PI3K/AKT
signaling pathway is aberrantly activated in inflammatory
diseases and that aberrant activation of this pathway is
significantly correlated with inflammation onset and inflam-
mation progression. In bacterial keratitis, immunomodula-
tory effects through modulation of the PI3K/AKT pathway
suppress inflammation and delay the progression of kerati-
tis40; in corneal tissue after herpes simplex virus infection,
p-PI3K and p-AKT were markedly increased, and this signal-
ing pathway may mediate the process of keratitis.41 In FK,
IL-17, which is secreted by Th17 cells, inhibits the develop-
ment of FK by suppressing the expression of connexin-43
through the AKT signaling pathway.42 Due to its multiple
functions in an array of biological processes, such as inflam-
mation, the PI3K/AKT pathway plays a potential role in FK.
We used LY294002 to inhibit the PI3K/AKT signaling path-
way to observe the changes in corneal stromal cells after
fungal infection and found that the levels of proinflamma-
tory cytokines were downregulated after the inhibition of
this pathway compared with the control group. The viability
of corneal stromal cells was increased after the addition of
inhibitors.

METTL3 knockdown resulted in a significant decrease
in p-AKT expression in uveal melanoma cells, reveal-
ing that m6A methylation may regulate the AKT signal-
ing pathway in uveal melanoma cells.43 METTL3 medi-
ates the PI3K/AKT/mammalian target of rapamycin pathway

to promote retinoblastoma progression, and targeting this
signaling axis may be a potential therapeutic direction for
retinoblastoma.44 In line with this, our study found inac-
tivation of the PI3K/AKT-mediated signaling pathway in
F. solani–infected corneal tissues after knockdown of
METTL3 expression. Therefore, we speculate that METTL3-
mediated m6A modification may also affect the inflammatory
process of FK by regulating this signaling pathway.

To further clarify the exact role of METTL3 in FK,
we downregulated METTL3 expression in mouse corneas
using AAV-sh-METTL3. Our observations indicate that down-
regulation of METTL3 relieves inflammation and reduces
the expression of TNF-α, IL-1β, and IL-6 in corneal-
infected mice. As essential proinflammatory cytokines, TNF-
α, IL-1β, and IL-6 play important roles in host resis-
tance to pathogenic microorganisms by activating multiple
responses.45–47 These data suggest that METTL3 appears
to be a proinflammatory protein and contributes signifi-
cantly to inflammatory responses in the corneas of F. solani–
infected mice. The results of our study are concordant with
those obtained by others. Silencing of METTL3 significantly
inhibited the expression of proinflammatory factors in LPS-
treated human dental pulp cells, suggesting that METTL3
regulates the inflammatory response induced by LPS in
human dental pulp cells.48 Recently, METTL3-mediated m6A
modifications have been found to play a significant role in
liver damage in hepatitis B virus–infected mice.49 In addi-
tion, METTL3 expression was upregulated in pneumonia
patient serum and LPS-treated cells, and LPS-induced inflam-
matory injury was attenuated by inhibiting METTL3 expres-
sion.50 Our findings indicate that METTL3 may contribute to
innate immunity in the corneal antifungal process by influ-
encing the inflammatory process. Although METTL3 was
shown to mediate the PI3K/AKT pathway and thus signif-
icantly affect the FK inflammatory process in this study, the
specific mechanism of action of METTL3 has not been fully
elucidated. Therefore, finding more specific downstream
targets is key for subsequent studies.

In summary, our main findings include the following:
(1) upregulation of METTL3 expression occurs in FK
caused by F. solani, (2) downregulation of METTL3 atten-
uated corneal inflammation and inhibited activation of the
PI3K/AKT pathway, and (3) PI3K/AKT pathway inhibition
reduced the accumulation of inflammatory cytokines in
corneal stromal cells. Therefore, we suggest that METTL3
may influence the inflammatory response of fungal-infected
corneas by mediating the PI3K/AKT signaling pathway.
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