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Background: Corneal neovascularization (CRNV) is a severe threat to the vision of people. MicroRNA-335 (miR-335)
has the function of facilitating angiogenesis. However, whether miR-335 regulates the progression of CRNV remains

Methods: The miR-335 expressions in CRNV rats induced by corneal suture and HUVECs induced by b-FGF were
detected by quantitative real-time PCR. For the miR-335 function, wound healing and tube formation assays were per-
formed. For the miR-335 mechanism, a dual-luciferase reporter gene assay was conducted. Besides, for the epidermal
growth factor receptor (EGFR) function, Cell Counting Kit-8 and wound healing assays were performed. Meanwhile,
the rescue assay was used to assess the miR-335/EGFR function in the migration and angiogenesis of b-FGF-treated

Results: Functionally, the miR-335 knockdown weakened the migration and angiogenesis of b-FGF-treated HUVECs,
while the miR-335 overexpression showed an opposite trend. Mechanistically, miR-335 interacted with EGFR and
negatively regulated the expression of EGFR. The rescue assay illustrated that miR-335 regulated the migration and

Conclusions: In general, our data confirmed that miR-335 facilitated the process of CRNV by targeting EGFR.
Keywords: Corneal neovascularization, Angiogenesis, Human umbilical vein endothelial cells, miR-335, EGFR

Introduction

The cornea is a transparent and avascular tissue located
in front of the iris and pupil. Keeping transparency and
avascularity is critical for maintaining the best vision and
protecting the eyes from injury [1]. Once the balance of
angiogenic and anti-angiogenic factors that maintain cor-
neal transparency is destroyed, the abnormal new vessels
invade the corneal stroma in the precorneal structure,
thereby inducing corneal neovascularization (CRNV)
[2]. CRNV is a threat to vision and is an increasing public
health problem, which leads to corneal edema, persistent
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inflammation, and vision loss [3]. Although there has
been some progression in the treatment of CRNV, unfor-
tunately, the therapeutic effect is still lacking. Thus, it is
urgent to find effective targets for CRNV treatment.
MicroRNAs (miRNAs) effectively repress gene
expression by integrating into RNA-induced silenc-
ing complexes to regulate target molecules’ stability
and translation efficiency [4, 5]. MiRNAs participate
in embryonic development, phylogeny, tissue differen-
tiation, and evolution of diseases [6]. Emerging evidence
shows that miRNAs are abnormally expressed in CRNV
and are interrelated to regulate the occurrence and devel-
opment of CRNV. For instance, miR-204 expression
is decreased in vascularized cornea and represses the
process of CRNV by targeting VEGF and VEGF recep-
tor 2 [7]; the elevated miR-1275 and miR-1246 expres-
sions inhibit the angiogenesis of human umbilical vein
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endothelial cells (HUVECs), providing promising bio-
markers for the clinical treatment of CRNV [8].

As an essential member of miRNAs, miR-335 has been
proved to have essential regulatory functions in various
human diseases, mainly including hepatocellular car-
cinoma [9], non-small cell lung cancer [10], and acute
ischemic stroke [11]. Notably, accumulated evidence sug-
gests that miR-335 exerts essential roles in the regula-
tion of angiogenesis. For instance, Zhang et al. indicated
that miR-335 influences the angiogenesis of tumor cells,
which might provide a new therapeutic strategy for the
tumor treatment [12]; Desjarlais et al. demonstrated that
under the pathological condition of neovascularization,
miR-335 is abnormally highly expressed and participates
in the regulation of angiogenesis [13]. However, it is not
clear whether miR-335 is interrelated to the regulation of
CRNW.

In the current study, we found that miR-335 was ele-
vated in CRNV rats induced by corneal suture and
HUVECs induced by b-FGE, suggesting that miR-335
might be involved in the regulation of CRNV. Based
on these findings, we continue to investigate the func-
tion and potential molecular mechanism of miR-335 in
CRNYV by using various molecular techniques, aiming to
provide novel potential targets for CRNV treatment.

Materials and methods

Construction of CRNV rat model

Twenty-four female Sprague—Dawley rats (180-200 g)
were purchased from Shanghai Lab. Animal Research
Center (Shanghai, China). Rats were randomly grouped
into control, 3 d, 7 d and 14 d. Each group consisted of
six rats. The rat model of CRNV was induced by corneal
suture. Under general and topical anesthesia by pento-
barbital sodium, rats received three intermittent sutures
on the surrounding corneal stroma, each of which was
more than 120°. The surgery was performed only on the
right eye of rats. Photographs were taken under the slit
lamp before surgery and on day 3, 7, 11 and 14. The Ani-
mal Research Committee of the Affiliated Hospital of
Nantong University approved all animal studies.

Cell culture and different treatments
HUVECs were from AllCells (Shanghai, China). They
were put in an RPMI 1640 medium supplemented with
10% fetal bovine serum (FBS, Gibco, Grand Island, USA),
60 pg/ml of endothelial cell growth supplement (Ther-
moFisher Scientific, WA, USA) and 100U/ml of peni-
cillin with 100 pg/ml of streptomycin (Gibco). The cells
were incubated in an incubator at 37 °C, with 5% CO,.

To simulate the in vitro CRNV models, HUVECs were
treated with 5, 10 or 20 ng/ml essential fibroblast growth
factor (b-FGF) for 24 h.
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Quantitative real-time PCR

TRIzol reagent (Invitrogen, Carlsbad, USA) was applied
to extract the total RNA from cornea tissues and
HUVECs. A total of 1 ug RNA and PrimeScript RT
reagent Kit (TaKaRa, Dalian, China) was conducted to
synthesize the complementary DNA (cDNA). For the
analysis of miRNA, the cDNA was synthesized using Mir-
X™ miRNA First-Strand Synthesis Kit (TaKaRa). Then,
the real-time PCR was carried out on ABI 7500 Fast Sys-
tem (Applied Biosystems, Waltham, Ma, USA) with Fast-
Start Essential DNA Green Master (Roche Life Science,
Indianapolis, USA), referring to the standard procedure
of manufacturers. U6 was applied as a control for miR-
335, and B-actin was applied as a control for EGFR. The
2785 method was conducted to evaluate the relative
expression of miR-335 and EGFR. All primer sequences
are presented in Table 1.

Wound healing experiment

The HUVECs with different treatments were inocu-
lated in 6-well plates and cultured for 24 h. Followed by
the culture, sterile pipette tips were applied to produce
the scratch in the monolayer perpendicularly across the
center of the well. Next, the suspended cells were washed
away with PBS. 24 h later, a microscope (Olympus, Japan)
was used to observe and capture images.

Tube formation assay

According to the previously described methods [14],
the tube formation assay was performed. In detail, a
total of 70 pl Matrigel (Corning, Bedford, MA, USA)
was placed on 96-well plates and put in an incubator at
37 °C for 30 min. Subsequently, HUVECs (1 x 10%) were
inoculated on the surface of the gel and cultured for 16 h.
Ultimately, the number of branches and the tube length
were assessed by Image] software (National Institutes of
Health, Bethesda, MD, USA).

Table 1 The sequences of primers used in gRT-PCR

Gene name Primer sequence (5’-3')

miR-335 Forward: TCAAGAGCAATAACGAAAAATGT
Reverse: GCTGTCAACGATACGCTACGT

EGFR Forward: CTACAACCCCACCACGTACC
Reverse: CGCACTTCTTACACTTGCGG

B-actin Forward: GGACTTCGAGCAAGAGATGG

Reverse: AGCACTGTGTTGGCGTACAG
ue Forward: CGCTTCGGCAGCACATATAC
Reverse: TTCACGAATTTGCGTGTCAT
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Cell transfection

The miR-335 inhibitor, miR-335 mimic, si-EGFR and
corresponding controls were synthesized from RiboBio
(Guangzhou, China). The pcDNA-EGFR and pcDNA
were provided by GenePharma (Shanghai, China).

Before transfection, HUVECs were inoculated in
100 mm diameter dishes for 24 h. Then, according to the
manufacturer’s standard procedure, the miR-335 inhibi-
tor, miR-335 mimic, si-EGFR, PCDNA-EGFR and their
corresponding controls were transfected into HUVECs
using Lipofectamine 2000 (Invitrogen). Each assay was
repeated three times independently.

Dual-luciferase reporter gene assay

Previously, we predicted that there were binding sites
between miR-335 and EGFR. Then, a dual-luciferase
reporter gene assay was applied to verify whether miR-
335 is bound to the 3’-UTR of EGFR. In brief, HUVECs
were inoculated in 96-well plates (3 x 10%) and cultured
for 24 h. Followed by the culture, a luciferase reporter
vector that contained the potential miR-335 binding sites
of 3-UTR of EGFR was constructed. Then the above
recombinant vector and miR-335 mimic were co-trans-
fected into HUVECs using Lipofectamine 2000 (Inv-
itrogen). 48 h after transfection, the relative luciferase
activity was quantified using the Dual-Glo™ Luciferase
Assay System (Promega, Wisconsin, USA).

Western blot

RIPA lysis buffer (Beyotime Biotechnology, Shanghai,
China) was applied to extract total proteins from CRNV
tissues and HUVECs. The total proteins were quantitated
using a BCA™ Protein Assay Kit (Beyotime Biotechnol-
ogy). After that, a total of 25 pg of protein were separated
on 12% SDS/PAGE gels and transferred onto nitrocellu-
lose membranes (Bio-Rad Laboratories, Hercules, USA).
Then, the membranes were blocked with a 5% non-fat
milk (BD Biosciences, USA) at room temperature for one
h and incubated with the primary antibodies, containing
anti-EGFR (Abcam, 1: 2000 dilution, ab52894) and anti-
actin (Abcam, 1: 500 dilution, ab8227) at 4 °C overnight.
Next, the membranes were incubated with the secondary
antibody (Abcam, 1: 2000 dilution, ab205718) for 1.5 h
at room temperature. Subsequently, Image] software
(National Institutes of Health) was used to scan and ana-
lyze all the specific bands.

Cell Counting Kit-8 (CCK-8) assay

Referring to the instructions of the reagent manufac-
turer, the Cell Counting Kit-8 Assay Kit (Abcam, Cam-
bridge, UK) was conducted to analyze the proliferation
of HUVECs. In brief, HUVECs were grown in 96-well
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plates and cultured for 24 h. Subsequently, ten ul CCK-8
solution was added and incubated at 37 °C for 2.5 h. The
proliferation of HUVECs was assessed by a microplate
reader (ThermoFisher Scientific) at 0, 24, 48 and 72 h.

Statistical analysis

Two groups were compared by Student’s t-test, and Two-
way ANOVA was used when more than two groups were
compared. All these statistical analysis were conducted
using GraphPad Prism software (GraphPad Software,
USA). The data are presented as mean +standard devia-
tion of three independent assays. P<0.05 was considered
statistically significant.

Results

MiR-335 is highly expressed in CRNV rats induced

by corneal suture, and HUVECs treated with b-FGF

Firstly, we determined the expression of miR-335 in rat
tissues of CRNV. After establishing the CRNV rat model
induced by corneal suture, qRT-PCR was carried out to
quantify the miR-335 expression on the day 3, 7, 11 and
14 after surgery. The results demonstrated that compared
with the control group, miR-335 was increased in the
CRNYV group, and its expression reached the maximum
on day 14 after surgery (Fig. 1A). A previous study indi-
cates that the HUVECs treated with b-FGF can be used
to simulate the in vitro CRNV models [15]. As exhibited
in Fig. 1B, the miR-335 expression was elevated in the
b-FGF group, and the miR-335 expression was elevated
with the increased b-FGF concentration. These results
confirmed that miR-335 expression was increased in
CRNV rats induced by corneal suture and HUVECs
treated with b-FGF.

B-FGF treatment promotes HUVEC migration

and angiogenesis

Subsequently, we further evaluated the effect of b-FGF
treatment on HUVEC migration and angiogenesis. After
the HUVECs were treated with b-FGF, the results of
wound healing showed that b-FGF treatment enhanced
the migration ability of HUVECs (Fig. 2A). Meanwhile,
the analysis of tube formation assay illustrated that
both the number of branches and the tube length were
increased after the b-FGF treatment (Fig. 2B). In gen-
eral, the above experimental data confirmed that the
b-FGF treatment facilitated HUVEC migration and
angiogenesis.

Effect of miR-335 on the migration and angiogenesis

of b-FGF-treated HUVECs

To clarify the regulation of miR-335 on the migration and
angiogenesis of b-FGF-treated HUVECs, miR-335 inhibi-
tor or miR-335 mimic was transfected into HUVECs.
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Fig. 1 Expression of miR-335 in corneal neovascularization rats induced by corneal suture and human umbilical vein endothelial cells treated with
essential fibroblast growth factor. The corneal neovascularization (CRNV) rat model was induced by corneal suture. A Quantitative real-time PCR
(qRT-PCR) was carried out to measure the miR-335 expression in CRNV tissues of the rats on the day 3, 7, 11 and 14 after surgery. B Human umbilical
vein endothelial cells (HUVECs) were treated with 5, 10 or 20 ng/ml basic fibroblast growth factor (b-FGF) to establish the in vitro CRNV models. The
expression of miR-335 in cells was tested using gRT-PCR. **P<0.01 ***P<0.001 vs.Control. CRNV: corneal neovascularization
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Fig. 2 Influence of b-FGF treatment on HUVEC migration and angiogenesis. HUVECs were treated with 20 ng/ml b-FGF for 24 h. A A
wound-healing assay was applied to assess the migration ability of HUVECs. B The number of branches and the tube length was analyzed by tube
formation assay (scale bar: 400 um). *P < 0.05 vs. HUVECs + NC. NC: negative control
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Then the cells were treated with b-FGF. As displayed in
Fig. 3A, miR-335 was decreased after the transfection
of the miR-335 inhibitor. On the contrary, the miR-335
expression was elevated after the transfection of miR-
335 mimic, suggesting that we successfully knocked
down or overexpressed miR-335 in HUVECs. Based on
this, wound healing analysis indicated that the miR-335
knockdown weakened the migration ability of HUVECs,
and the miR-335 overexpression produced the opposite
trend (Fig. 3B). Moreover, the transfection of miR-335
inhibitor reduced the number of branches and the tube
length, and the transfection of miR-335 mimic showed an
opposite effect (Fig. 3C). To sum up, the above data indi-
cated that the miR-335 knockdown weakened the migra-
tion and angiogenesis of b-FGF-treated HUVECs, and
the miR-335 overexpression showed an opposite effect.

MiR-335 interacts with EGFR

Previously, we predicted that there were binding sites
between miR-335 and EGFR (Fig. 4A). Then, the dual-
luciferase reporter assay further revealed that miR-335
negatively regulated the relative luciferase activity of
EGFR WT but had no apparent changes in the EGFR
MUT relative luciferase activity, which confirmed that

miR-335 interacted with EGFR (Fig. 4B). Furthermore,
we evaluated the regulation of miR-335 on EGFR expres-
sion by transfecting miR-335 mimic and pcDNA-EGFR,
miR-335 inhibitor and si-EGFR into HUVECs. As shown
in Fig. 4C, the transfection of miR-335 mimic down-reg-
ulated the mRNA and protein levels of EGFR, and this
down-regulation was partially reversed after the over-
expression of EGFR; the transfection of miR-335 inhibi-
tor up-regulated the EGFR mRNA and protein levels,
and this up-regulation was partially reversed after the
transfection of si-EGFR. In summary, miR-335 bound to
EGEFR and negatively regulated the expression of EGFR.

EGFR is lowly expressed in CRNV rats induced by corneal
suture, and HUVECs treated with b-FGF

Subsequently, we further evaluated the expression of
EGER in rat tissues of CRNV. As displayed in Fig. 5A,
the EGFR protein level was decreased in the CRNV
group, and its protein level was lowest on day 14 after
surgery. Meanwhile, we assessed the EGFR protein level
in HUVECs treated with b-FGF. The data corroborated
that the EGFR protein level was down-regulated after
the treatment of b-FGF, and the EGFR protein level
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was down-regulated with the increased b-FGF con-
centration (Fig. 5B). Taken together, these results dem-
onstrated that the EGFR protein level was decreased
in CRNV rats induced by corneal suture and HUVECs
treated with b-FGF.

Regulation of EGFR on the proliferation and migration

of b-FGF-treated HUVECs

Based on the finding that EGFR was lowly expressed
in b-FGF-treated HUVECs, we continued to explore
whether EGFR was interrelated to the regulation of the
proliferation and migration of b-FGF-treated HUVECs.
HUVECs were transfected with si-EGFR or pcDNA-
EGEFR, and the transfection efficiency was verified by
qRT-PCR (Fig. 6A). CCK-8 assay indicated that the
interference with EGFR promoted the proliferation of
HUVECs, and the overexpression of EGFR restrained
the HUVEC proliferation (Fig. 6B). Similarly, the EGFR
knockdown enhanced the migration ability of HUVECs,
and the EGFR overexpression showed the opposite trend
(Fig. 6C). Thus, the above experimental data confirmed
that the interference with EGER facilitated the prolifera-
tion and migration of HUVECs, and the overexpression
of EGFR produced the opposite trend.

Rescue experiment verifies that miR-335 regulates

the migration and angiogenesis of b-FGF-treated HUVECs
via EGFR

To examine whether the miR-335/EGFR axis regu-
lated the migration and angiogenesis of b-FGF-treated
HUVECs, the miR-335 mimic and pcDNA-EGEFR,
miR-335 inhibitor and si-EGFR were transfected into
HUVECs, and the cells were then treated with b-FGE.
From the wound healing assay analysis, we found that
the miR-335 overexpression promoted the migration of
HUVECs, while the transfection of pcDNA-EGFR par-
tially reversed this promotion. Meanwhile, the miR-335
knockdown repressed the HUVEC migration, and the
transfection of si-EGFR partially reversed this repres-
sion (Fig. 7A). Furthermore, the transfection of miR-
335 mimic increased the number of branches and the
tube length, while the EGFR overexpression partially
reversed this increase. The miR-335 knockdown reduced
the number of branches and the tube length, while the
interference with EGFR partially reversed this reduction
(Fig. 7B). All in all, these data suggested that miR-335 reg-
ulated the migration and angiogenesis of b-FGF-treated
HUVECs through decreasing EGFR.

Discussion

Considering that miR-335 had the promoting func-
tion of angiogenesis [13], our current study further
confirmed that miR-335 expression was up-regulated
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in CRNV rats induced by corneal suture and HUVECs
treated with b-FGF. To our knowledge, this is the first
time to investigate the expression of miR-335 in CRNV
models. Based on this, our functional assays demon-
strated that the interference with miR-335 repressed the
migration and angiogenesis of b-FGF-treated HUVECs,
which was similar to the above conclusion. To explore its
mechanism, we illustrated that miR-335 targeted EGFR
and miR-335 regulated the migration and angiogenesis
of b-FGF-treated HUVECs through EGFR. Thus, our
study might provide a novel regulatory axis for CRNV:
miR-335/EGER.

Previous studies have shown that endothelial cell func-
tion is the basis of maintaining vascular homeostasis [16,
17]. HUVECs, as one of the classical endothelial cells,
have been used as an in vitro model to study angiogen-
esis and simulate the CRNV cell model under the stimu-
lation of b-FGF [18]. Similarly, our study confirmed that
the b-FGF treatment facilitated HUVEC migration and
angiogenesis. Combined with the previous findings that
miR-335 has the function of facilitating angiogenesis,
this study aims to clarify whether miR-335 regulated
CRNV. As expected, we found that miR-335 expres-
sion was increased in CRNV rats induced by corneal
suture and HUVECs induced by b-FGF, and the miR-335
knockdown repressed the migration and angiogenesis
of b-FGF-treated HUVECs, indicating that miR-335 had
an essential regulatory function in the process of CRNV.
Thus, we next focused on the regulatory mechanism of
miR-335 in CRNV.

MiRNAs regulate cell proliferation, apoptosis and
tumorigenesis through various mechanisms [19, 20].
Recently, increasing studies show that miRNAs regulate
the occurrence and development of CRNV by binding to
their target proteins. For instance, Kather et al. indicated
that miR-204 promotes the CRNV progression by target-
ing angiopoietin-1 [21]; Pan et al. confirmed that miR-
211 mediates the down-regulation of PROX1 protein to
repress the angiogenesis of HUVECs, thus playing an
essential role in the process of CRNV [22]. Importantly,
we found that there were binding sites between miR-335
and EGER through online prediction software, suggest-
ing that miR-335 might interact with EGFR. The dual-
luciferase reporter assay further verified this interaction.
Meanwhile, we found that miR-335 negatively regulated
the expression of EGFR.

Epidermal Growth Factor Receptor (EGFR) is a trans-
membrane glycoprotein and exerts critical functions in
regulating various cellular responses such as cell prolif-
eration, differentiation and survival [23, 24]. Abnormal
expression of EGFR is associated with the development
of CRNV. As reported, the increased EGFR expression in
corneal epithelium alleviates corneal inflammation and
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CRNV [25]. What similar to this finding, our data illus-
trated that the EGFR protein level was down-regulated
in CRNV rats induced by corneal suture and HUVECs
treated with b-FGF. Furthermore, the overexpression
of EGFR repressed the proliferation and migration of
HUVEC:sS, and the interference with EGFR had the oppo-
site trend. Critically, our rescue experiment verified that
miR-335 regulated the migration and angiogenesis of
b-FGF-treated HUVECs through EGFR.

In summary, our present research verified for the first
time that miR-335 was increased in CRNV rats induced
by corneal suture and HUVECs induced by b-FGE. We
also confirmed that miR-335 promoted the migration
and angiogenesis of b-FGF-treated HUVECs by decreas-
ing EGFR. Thus, the present study might aid in elucidat-
ing a potential therapeutic target for CRNV in the future.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512886-022-02481-0.

Additional file 1.
Additional file 2.

Acknowledgements
Not applicable.

Authors’ contributions

SL conceived and designed the study. JJQ and JBY performed the literature
search and data extraction. JJQ and XZ drafted the manuscript. All authors
read and approved the final manuscript.

Funding

This work was supported by the Nantong Municipal Science and technology
plan (guiding) project (MS12017012-5) and the General project of medical
scientific research of Jiangsu Provincial Health Commission (H2019083).

Availability of data and materials
All data generated or analysed during this study are included in this published
article.

Declarations

Ethics approval and consent to participate

The study is reported in accordance with relevant guidelines and
regulations of Affiliated Hospital of Nantong University. All experimental
methods involving animals are reported following ARRIVE guidelines
(https://arriveguidelines.org) for the reporting of animal experiments and
was approved by the Animal Ethics Committee of Affiliated Hospital of
Nantong University (520213016-005).

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no conflicts of interest.

Author details

'Department of Ophthalmology, Affiliated Hospital of Nantong University,
No. 20 Xisi Road, Nantong 226001, Jiangsu Province, China. 2Department

of Trauma Center, Affiliated Hospital of Nantong University, No. 20 Xisi Road,
Nantong 226001, Jiangsu Province, China.

Page 9 of 9

Received: 22 February 2022 Accepted: 23 May 2022
Published online: 15 June 2022

References

1. Sharif Z, Sharif W. Corneal neovascularization: updates on pathophysiol-
ogy, investigations & management. Rom J Ophthalmol. 2019;63(1):15-22.

2. Beebe DC. Maintaining transparency: a review of two avascular tissues’
developmental physiology and pathophysiology. Semin Cell Dev Biol.
2008;19(2):125-33.

3. Abdelfattah NS, et al. Clinical correlates of common corneal neovascular
diseases: a literature review. Int J Ophthalmol. 2015;8(1):182-93.

4. Naqvi AR, et al. Expression Profiling of LPS Responsive miRNA in Primary
Human Macrophages. J Microb Biochem Technol. 2016;8(2):136-43.

5. LiD, etal Developmental and stress regulation on the expression of
a novel MIRNA, Fan-miR73, and its target ABI5 in strawberry. Sci Rep.
2016;6:28385.

6. Wang P, et al. miRNA-34a promotes proliferation of human pulmo-
nary artery smooth muscle cells by targeting PDGFRA. Cell Prolif.
2016;49(4):484-93.

7. Zhang X, et al. Epithelium-derived miR-204 inhibits corneal neovasculari-
zation. Exp Eye Res. 2018;167:122-7.

8. BaiY, etal. Curcumin inhibits angiogenesis by up-regulation of micro-
RNA-1275 and microRNA-1246: a promising therapy for treatment of
corneal neovascularization. Cell Prolif. 2016;49(6):751-62.

9. Wang F, et al. Exosome miR-335 as a novel therapeutic strategy in hepa-
tocellular carcinoma. Hepatology. 2018;67(3):940-54.

10. Liu J, et al. Downregulation of LncRNA-XIST inhibited development
of non-small cell lung cancer by activating miR-335/SOD2/ROS
signal pathway mediated pyroptotic cell death. Aging (Albany NY).
2019;11(18):7830-46.

11. SiW, et al. miR-335 promotes stress granule formation to inhibit apoptosis by
targeting ROCK2 in acute ischemic stroke. Int J Mol Med. 2019;43(3):1452-66.

12. Zhang P, et al. Overexpressing miR-335 inhibits DU145 cell proliferation
by targeting early growth response 3 in prostate cancer. Int J Oncol.
2019;54(6):1981-94.

13. Desjarlais M, et al. MicroRNA expression profile in retina and choroid in
oxygen-induced retinopathy model. PLoS ONE. 2019;14(6): €0218282.

14. Zhang, et al. The Role of the miR-21/SPRY2 Axis in Modulating Proangio-
genic Factors, Epithelial Phenotypes, and Wound Healing in Corneal
Epithelial Cells. Invest Ophthalmol Vis Sci. 2019;60(12):3854-62.

15. Xiao L, et al. Endostar attenuates melanoma tumor growth via its interrup-
tion of b-FGF mediated angiogenesis. Cancer Lett. 2015;359(1):148-54.

16. Urbich C, Kuehbacher A, Dimmeler S. Role of microRNAs in vascular dis-
eases, inflammation, and angiogenesis. Cardiovasc Res. 2008;79(4):581-8.

17. Eelen G, et al. Endothelial Cell Metabolism. Physiol Rev. 2018;98(1):3-58.

18. Matsui J, et al. Stem cell factor/c-kit signaling promotes the survival,
migration, and capillary tube formation of human umbilical vein
endothelial cells. J Biol Chem. 2004,279(18):18600-7.

19. CaiY, et al. A brief review on the mechanisms of miRNA regulation.
Genomics Proteomics Bioinformatics. 2009;7(4):147-54.

20. Correia de Sousa M, al. Deciphering miRNAs' Action through miRNA Edit-
ing. Int J Mol Sci, 2019;20(24):6249.

21. Kather JN, et al. Angiopoietin-1 is regulated by miR-204 and contributes
to corneal neovascularization in KLEIP-deficient mice. Invest Ophthalmol
Vis Sci. 2014,55(7):4295-303.

22. Pan J, et al. MSCs inhibits the angiogenesis of HUVECs through the miR-
211/Prox1 pathway. J Biochem. 2019;166(1):107-13.

23. Cho J. Mechanistic insights into differential requirement of receptor
dimerization for oncogenic activation of mutant EGFR and its clinical
perspective. BMB Rep. 2020;53(3):133-41.

24. Singh D, et al. Review on EGFR Inhibitors: Critical Updates. Mini Rev Med
Chem. 2016;16(14):1134-66.

25. Liu X, et al. Anti-angiogenic and anti-inflammatory effects of SERPINA3K
on corneal injury. PLoS ONE. 2011;6(1): e16712.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


https://doi.org/10.1186/s12886-022-02481-0
https://doi.org/10.1186/s12886-022-02481-0
https://arriveguidelines.org

	MiR-335 promotes corneal neovascularization by Targeting EGFR
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Introduction
	Materials and methods
	Construction of CRNV rat model
	Cell culture and different treatments
	Quantitative real-time PCR
	Wound healing experiment
	Tube formation assay
	Cell transfection
	Dual-luciferase reporter gene assay
	Western blot
	Cell Counting Kit-8 (CCK-8) assay
	Statistical analysis

	Results
	MiR-335 is highly expressed in CRNV rats induced by corneal suture, and HUVECs treated with b-FGF
	B-FGF treatment promotes HUVEC migration and angiogenesis
	Effect of miR-335 on the migration and angiogenesis of b-FGF-treated HUVECs
	MiR-335 interacts with EGFR
	EGFR is lowly expressed in CRNV rats induced by corneal suture, and HUVECs treated with b-FGF
	Regulation of EGFR on the proliferation and migration of b-FGF-treated HUVECs
	Rescue experiment verifies that miR-335 regulates the migration and angiogenesis of b-FGF-treated HUVECs via EGFR

	Discussion
	Acknowledgements
	References


