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MiR-205-3p protects human corneal epithelial
cells from ultraviolet damage by inhibiting
autophagy via targeting TLR4/NF-xB signaling
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Abstract. — OBJECTIVE: MiRNA has been
found to have therapeutic effect on corneal
damage. This paper aimed to study the effect of
miR-205-3p on corneal damage induced by ul-
traviolet (UV) radiation.

MATERIALS AND METHODS: HCE cell were
exposed to UV light and transfected. Quantita-
tive Real Time-Polymerase Chain Reaction (qRT-
PCR) and Western blot were used to determine
miRNA/mRNA and protein expression. CCK-8
assay, Edu incorporation experiment, and flow
cytometry were used to separately measure cell
activity, proliferation and apoptosis. LC3 puncta
were researched by immunofluorescence exper-
iment. TNF-a, IL-6 and IL-1B levels in cells were
detected by enzyme-linked immunosorbent as-
say (ELISA) kit. MDA, SOD, and GSH-PX levels
were measured using detection kits. Reactive
oxygen species (ROS) level was reflected by de-
tecting DCFH-DA density. Luciferase activity as-
say was performed to verify the regulating rela-
tionship between miR-205-3p and TLRA4.

RESULTS: UV radiation decreased HCE cell
viability, proliferation, and increased HCE cell
apoptosis and autophagy (all p <0.01). When ex-
posed UV radiation, the overexpression of miR-
205-3p group elevated HCE cells viability, prolif-
eration and weakened HCE cells apoptosis and
autophagy (all p <0.01). MiR-205-3p inhibited in-
flammation and oxidative stress in HCE cells in-
duced by UV radiation (p < 0.01). MiR-205-3p di-
rectly inhibited TLR4 expression. The upregula-
tion of TLR4 significantly reversed the effects of
miR-205-3p on HCE cell phenotypes induced by
UV radiation (p < 0.01).

CONCLUSIONS: MiR-205-3p protected HCE
cells from UV damage by inhibiting autophagy
via targeting TLR4.
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Introduction

Ultraviolet (UV) radiation is a major cause
of eye damage'. Tt has been observed that free
radicals (such as oxygen-derived free radicals)
could be generated by UV radiation and these
free radicals could result in the lipid peroxidation
in the cell membrane?. UV radiation was also
proved to directly cause DNA damage, which
led to apoptosis, autophagy and inflammation,
reduced mitochondrial function and destroyed
ocular structures, such as cornea, retina, and
lens*?. As one of the important structures of
eye, the corneal epithelium has the physiological
function of absorbing most of the environmental
UV radiation. As a result, the sub-corneal tissues
of corneal epithelium, the lens and retina are pro-
tected from UV radiation®.

MicroRNA (miRNA) is a short-chain non-cod-
ing RNA of 20-22 nucleotides in length’. Existing
researches discovered the therapeutic value of
miRNA for corneal damage. Corneal scarring
caused by corneal damage was one of the main
causes of vision loss. Ratuszny et al® illustrated
that miR-145 might be a promising target to pre-
vent the formation of cornea scarring. MiR-204
expression was discovered to be significantly
decreased during the healing of mouse corneal
epithelial wound. The declined expression of
miR-204 promoted the proliferation and migra-
tion of human corneal epithelial cells. MiR-204
was thus considered to be a biomarker for the
healing process of corneal injury’. In the model
of corneal damage caused by alkali burns, miR-
466 suppressed lymphangiogenesis via regulating
prospero-related homeobox 13. Moreover, within
24 h after scratch injury of human and mouse
corneal epithelial cells, the expression of miR-
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205 was significantly elevated. Notably, the use
of miR-205 antagomer prominently delayed the
regrowth of the injured human corneal epithelial
cells’.

However, at present, research on miRNA in
corneal damage caused by UV radiation is still
rarely to see. Since miR-205 was found to be
involved in the regulation of corneal injury, the
present research was aimed to further investi-
gate the effect of miR-205-3p on corneal damage
caused by UV radiation. We noticed from pre-
vious studies'*'? that miR-205 could impair the
autophagic flux and regulate radiosensitivity by
suppressing autophagy of human tumor cells.
Therefore, we speculated that miR-205-3p might
be involved in the healing of corneal damage
caused by UV radiation via regulating autoph-
agy. To the best of our knowledge, this was the
first study to research the role of miR-205-3p in
the healing of corneal damage caused by UV
radiation.

Materials and Methods

Ethics Committee

This study has been approved by Ethics Com-
mittee of the Second People’s Hospital of Qu-
zhou, China.

Cell Line

Human corneal epithelial cell line (HCE) was
obtained from the Shanghai Institute of Cell Bi-
ology, Chinese Academy of Sciences (Shanghai,
China). The cells were cultured in Dulbecco’s
Modified Eagle’s Medium (DMEM) containing
10% fetal bovine serum (FBS) in a sterile 25 cm?
culture flask at 37°C, 5% CO,. The culture medi-
um was changed every three days and cells were
passaged three times.

Exposure of HCE Cells to UV Light

HCE cells were collected at a confluency of
80%. Phosphate buffer saline (PBS, 1 mL) was
used to disperse cells. The cells dispersed in PBS
were transferred to a 60 mm petri dish for 3 h
radiation with an ultraviolet B (UVB) lamp. The
vertical distance from the UVB lamp to the petri
dish was 12 cm. The wavelength range was 250-
350 nm with a peak wavelength of 297 nm. The
UV radiation intensity was 20 uw/cm?. After 3 h
radiation?, cells were re-suspended in a culture
flask with 5 mL DMEM containing 10% FBS at
37°C, 5% CO,.

Transfection and Group

HCE cells without any treatment were served
as Con group. Those cells irradiated with UVB
lamp for 3 h were set as UV group. Cells of the
two groups were dispersed in DMEM containing
10% FBS and then seeded in 6-well plates with
1*10° cells per well.

In addition, HCE cells irradiated with UVB
lamp were cultured in DMEM without FBS for
24 h. Then, they were subjected to transfec-
tion with miR-205-3p mimics (UV + miR-205-3p
group) and corresponding negative control (UV +
miR-NC group). Moreover, HCE cells irradiated
with UVB lamp were also co-transfected with
miR-205-3p mimics and pcDNA3.1-TLR4 over-
expression vector (UV + miR-205-3p + TLR4
group). MiR-205-3p mimics, negative control and
pcDNA3.1-TLR4 overexpression vector were all
provided by Jima Pharmaceutical Technology
(Shanghai, China). Lipofectamine 2000 reagent
(Thermo Fisher Scientific, Waltham, MA, USA)
was used for transfection. HCE cells of the three
groups were collected after 8 h of transfection,
followed by being inoculated in 6-well plates with
1 * 105 cells and 1 mL DMEM (10% FBS) per
well. At last, all the cells of the above five groups
were maintained at 37°C, 5% CO, for 48 h.

Quantitative Real Time-Polymerase
Chain Reaction (gRT-PCR)

According to the instructions, total RNA in
HCE cells were extracted with TRIzol reagent
(Life Technologies, Foster City, CA, USA). The
cDNA templates were synthesized with using
PrimeScript RT reagent Kit (TaKaRa Bio, Otsu,
Shiga, Japan). By using the SYBR Premix Ex Taq
II (Takara Bio, Otsu, Shiga, Japan) with an ABI
7500 Sequence Detection System (Applied Bio-
systems, Foster City, CA, USA), the qRT-PCR for
miR-205-5p and TLR4 mRNA were conducted.
U6 was set as the endogenous control for miR-
205-5p while GAPDH was served as the internal
control for TLR4 mRNA. The primer sequenc-
es were listed as follows: miR-205-5p, forward,
5’ TCCACCGGAGTCTGTCTCAT-3’,  reverse,
5’-GCTGTCAACGATACGCTACG-3. U6, for-
ward, 5’-CTCGCTTCGGCAGCACATATACT-3’,
reverse, 5’-ACGCTTCACGAATTTGCGT-
GTC-3". TLR4, forward, 5-GCTTTCACCTCT-
GCCTTCAC-3’, reverse, 5~ AGGCGATACAAT-
TCCACCTG-3. GAPDH, forward, 5-GTC-
GATGGCTAGTCGTAGCATCGAT-3’, reverse,
5>-TGCTAGCTGGCATGCCCGATCGATC-3".
The amplification condition was as follows: 95°C
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for 10 min, and 40 cycles of 95°C for 20 s, 60°C
for 30 s and 72°C for 30 s. The relative expression
of miR-205-5p and TLR4 mRNA was calculated
with the 22T method.

Cell Counting Kit-8 (CCK-8) Assay

HCE cells of each group were collected at
about 80% confluency. DMEM (10% FBS) was
used to prepare cell suspensions with a density
of 1*¥10° cells/mL. Each cell suspension sample
was added into 96-well plates (100 uL per well).
Five duplicate wells were set. All the plates were
maintained in the incubator at 37°C, 5% CO, for
72 h. After that, all the plates were removed out
from the incubator. Subsequently, 10 uL. CCK-8
solutions were added into each well for 2 h incu-
bation at 37°C. The optical density (OD) value of
each well was measured at a wavelength of 450
nm (OD450 value). The OD450 value of wells
containing 100 pL DMEM (10% FBS) and 10
uL. CCK-8 solution was used as the blank. Cell
viability of each well was calculated as follows:
the OD450 value of each well/the OD450 value
of the blank.

5-Ethynyl-2-Deoxy-Uridine (Edu)
Incorporation Experiment

Edu incorporation experiment was performed
with EdU assay kit (Ribobio, Guangzhou, Chi-
na) to intuitively observe cells proliferative. Ac-
cording to the instructions, the cells cultured in
DMEM (10% FBS) at 37°C, 5% CO, were treated
with 40 pmol/L EdU for 2 h. Formaldehyde
(4%) was used to fix cells, and then, the cells
were treated with 0.5% Triton X100. Reaction
cocktail was added into these cells for 30 min
incubation at room temperature in darkness. Af-
ter the nucleus was counterstained with 4’-6-di-
amidino-2-phenylindole (DAPI), the number of
Edu positive cell number (red fluorescence) was
counted in 5 random x 400 magnification fields
under a fluorescence microscope. Greater Edu
positive cell number indicated stronger cell pro-
liferation ability.

Apoptosis Analysis

Flow cytometry assay was carried out to
display cell apoptosis more accurately. Briefly,
HCE cells of each group were harvested after
48 h incubation and washed with PBS for three
times. Then, annexin V-fluorescein isothiocy-
anate (Annexin V-FITC) and propidium iodide
(PI) was added into cells for 15 min incubation
in the dark. With a flow cytometer (Beck-
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man-Coulter, Fullerton, CA, USA), cells apop-
tosis rate was detected. For cells of each group,
the apoptosis rate was tested independently at
least three times.

Immunofiluorescence Experiment

Immunofluorescence experiment was per-
formed to detect the puncta of LC3 in HCE
cells. In short, HCE cells of each group were
seeded in 6-well plates with a density of 1¥10°
cells per well. Notably, a glass coverslip was
placed in advance at the bottom of each well. A
total of | mL DMEM (10% FBS) was contained
in each well. Cells were cultured at 37°C, 5%
CO, until attached to the glass coverslip. Then,
4% paraformaldehyde was used to fix cells for
10 min. Subsequently, 0.3% Triton X-100 was
added into cells for permeabilization. Cells were
sequentially incubated with LC3 primary anti-
body and Alexa Fluor 488-conjugated secondary
antibody. The primary antibody and secondary
antibody used in this section were provided by
Invitrogen (Carlsbad, CA, USA). The nucleus
was stained with DAPI. Cells were observed
under a confocal microscopy (Olympus Corp.,
Tokyo, Japan) and the LC3 puncta (red fluores-
cence) was counted',

Western Blot

Radioimmunoprecipitation assay (RIPA) cell
lysate and protease inhibitor was added into
cells for 30 min incubation on ice. At 4°C, the
cells were centrifuged for 30 min at 1200 r/min
in order to obtain the supernatant. A total of 80
ug supernatant was underwent protein separa-
tion with 12% sodium dodecyl sulfate-polyacryl-
amide gel electrophoresis (SDS-PAGE). Protein
was then transferred to a polyvinylidene difluo-
ride (PVDF) membrane to perform 2 h blocking
with 5% skimmed milk. Primary antibodies were
respectively used to incubate the PVDF mem-
brane at 4°C overnight, followed by incubation
with horseradish peroxidase-conjugated goat an-
ti-mouse or anit-rabbit secondary antibodies for
2 h at room temperature. The primary antibodies
used in this research were as follows: rabbit poly-
clonal anti-LC3I (1:1000, Cell Signaling Tech-
nology, Beverly, MA, USA), rabbit polyclonal
anti-LC3II (1:1000, Cell Signaling Technology,
Beverly, MA, USA), rabbit anti-ATGS (1:1000,
Abcam, Cambridge, MA, USA), rabbit anti-P62
(1:1000, Abcam, Cambridge, MA, USA), rabbit
anti-Berclin-1 (1:500, Abcam, Cambridge, MA,
USA), mouse anti-GAPDH polyclonal antibody
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(1:1000, Abcam, Cambridge, MA, USA), rabbit
polyclonal anti-TLR4 (1:1000, Santa-Cruz Bio-
technology, Santa Cruz, CA, USA), rabbit poly-
clonal anti-NF-xB (1:500, Cell Signaling Tech-
nology, Beverly, MA, USA), rabbit polyclonal
anti-p-NF-xB (1:500, Santa-Cruz Biotechnolo-
gy, Santa Cruz, CA, USA). After washing with
Tris-Buffered Saline and Tween 20 (TBST), the
PVDF membrane was incubated with enhanced
chemiluminescence detection reagent (Thermo
Fisher Scientific, Waltham, MA, USA). The blots
were scanned by a Gel-doc2000 imaging sys-
tem (Bio-Rad, Hercules, CA, USA). The optical
density of each blot was analyzed with Quantity
One 1-D Analysis software (Systat Software, San
Jose, CA, USA).

Enzyme-Linked Immunosorbent Assay
(ELISA)

After 48 h of culture, HCE cells of each group
were harvested and washed three times with PBS.
After being centrifuged for 5 min at 1000 r/min,
the cells were incubated with PBS containing cell
lysates for 10 min at 4°C. The supernatant was
harvested after 5 min centrifugation at 12 000 r/
min. The level of TNF-a, IL-6 and IL-1p in the
supernatant was detected by using ELISA kit in
strict accordance with the instructions.

Malonaldehyde (MDA), Superoxide
Dismutase (SOD) and Glutathione
Peroxidase (GSH-PX)] Levels Detection
HCE cells were incubated for 48 h at 37°C, 5%
CO,, followed by washing with PBS and lysed
with cell lysates. The supernatant was obtained
by 5 min centrifugation at 12 000 r/min. The level
of MDA, SOD and GSH-PX in each supernatant
sample was determined using detection kits. All
the kits used for MDA, SOD, and GSH-PX de-
tection were provided by Boster (Wuhan, China).

Detection of Reactive Oxygen Species
(ROS)

The level of intracellular ROS was assessed by
the fluorescent dye dichloro-dihydro-fluorescein
diacetate (DCFH-DA). In short, a total of 5*10*
HCE cells were seeded in 96-well plates for 48
h culture at 37°C, 5% CO,. After washing with
PBS, the cells were incubated with 10 umol/L of
DCFH-DA (Sigma-Aldrich, St Louis, MO, USA)
for 30 min at 37°C in the darkness. The DCFH-
DA density (green fluorescence) was determined
by flow cytometer (Beckman-Coulter, Fullerton,
CA, USA).

Luciferase Activity Assay

Human embryonic kidney cells (HEK293)
were cultured in DMEM (10% FBS) and were
sub-cultured three times. The third generation
HEK?293 cells were collected in the logarithmic
growth phase. Then, the cells were dispersed in
DMEM without PBS with a density of 1*¥10° cells
per well. The cell suspensions were inoculated
in 6-well plates (1 mL per well) for 24 h culture
at 37°C, 5% CO,. MiR-205-3p mimics or nega-
tive control was transfected into HEK293 cells.
TLR4 mutant type (MUT) and wild type (WT)
fragments were designed and synthesized by
Jima Pharmaceutical Technology (Shanghai, Chi-
na). Luciferase reporter plasmids containing the
TLR4-MUT-3’UTR or TLR4-WT-3’UTR were
subsequently co-transfected into these HEK293
cells. Lipofectamine 2000 reagent (Thermo Fish-
er Scientific, Waltham, MA, USA) was used for
transfection. After 48 h culture at 37°C, 5% CO,,
the Luciferase reporter activity of cells was deter-
mined by Dual-Luciferase Assay System (Prome-
ga Corporation, Madison, W1, USA).

Statistical Analysis

All data in this paper was expressed in the
form of mean + standard deviation (SD). Statis-
tical significance between two groups was eval-
uated by Student’s z-test. One-way analysis of
variance was used to perform comparison at least
three groups. Tukey’s post-hoc test was used
to validate ANOVA for pairwise comparisons.
Statistical Program and Service Solution (SPSS)
19.0 software (SPSS Inc., Chicago, IL, USA) was
used to process data. p < 0.05 was considered as
statistical significant difference. All experiments
in this paper were carried out independently at
least three times.

Results

MiR-205-3p Enhanced HCE Cells
Proliferation Induced by UV Radiation
The miR-205-3p expression in HCE cells was
measured after UV radiation. Relative to HCE
cells of Control group, those of UV group exhib-
ited significantly decreased miR-205-3p expres-
sion (p < 0.01) (Figure 1A). After transfection,
HCE cells viability, proliferation and apoptosis
was respectively detected by CCK-8 assay, Edu
experiment, and flow cytometry. As shown in
Figure 1B, C, and D, HCE cells of UV group had
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Figure 1. MiR-205-3p enhanced HCE cells proliferation induced by UV radiation. A, The miR-205-3p expression in HCE cells
was measured by qRT-PCR after UV radiation. B, HCE cells viability was detected by CCK-8 assay. C, HCE cells proliferation
was assessed by Edu experiment (magnification: x 400). D, HCE cells apoptosis was evaluated by flow cytometry. ** p <0.01.

much lower cell viability (p < 0.01) and Edu pos-
itive cell number (p < 0.01), but higher apoptosis
percentage (p < 0.01) than those of Con group.
Notably, when compared with UV + miR-NC
group, HCE cells of UV + miR-205-3p group
showed markedly higher cell viability (p < 0.01)
and Edu positive cell number (p < 0.01), but lower
apoptosis percentage (p < 0.01).

MiR-205-3p Inhibited HCE Cells
Autophagy Induced by UV Radiation
Immunofluorescence experiment was used to
detect the puncta of LC3 in HCE cells. As shown
in Figure 2A, the LC3 puncta of HCE cells in
UV group was prominently higher than that of
Con group (p < 0.01). Relative to UV + miR-NC
group, HCE cells of UV + miR-205-3p group
had significantly lower LC3 puncta (p < 0.01).
Subsequently, the expression of autophagy-relat-
ed proteins was assessed by Western blot. The
results showed that, compared with Con group,
HCE cells of UV group had markedly higher
LC3II/1, ATGS and Berclin-1 proteins expression

6498

(p < 0.01) and significantly lower P62 protein
expression (p < 0.01). However, relative to UV
+ miR-NC group, much lower LC3II/I, ATGS5
and Berclin-1 proteins expression (p < 0.01) and
remarkably higher P62 protein expression (p <
0.01) were found in HCE cells of UV + miR-205-
3p group (p < 0.01) (Figure 2B).

MiR-205-3p Inhibited Inflammation and
Oxidative Stress in HCE Cells Induced by
UV Radiation

The results from ELISA test illustrated much
higher TNF-a, [L-6 and IL-1p level in HCE cells
of UV group than that of Con group (p < 0.01).
However, HCE cells of UV + miR-205-3p group
exhibited significantly lower TNF-a, IL-6 and
IL-1B level than that of UV + miR-NC group (p
< 0.01) (Figure 3A, B, C). Furthermore, dramati-
cally higher MAD level, lower SOD and GSH-PX
levels was observed in HCE cells of UV group
when compared with Con group (p < 0.01). Low-
er MAD level, higher SOD and GSH-PX level
was occurred in HCE cells of UV + miR-205-3p
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Figure 2. MiR-205-3p inhibited HCE cells autophagy induced by UV radiation. A, Immunofluorescence experiment was
used to detect the puncta of LC3 in HCE cells (magnification: x 400). B, The expression of autophagy-related proteins in HCE

cells was assessed by Western blot. ** p <0.01.

group relative to UV + miR-NC group (p < 0.01)
(Figure 3D, E, F). In addition, the ROS level was
reflected by detecting intracellular fluorescence
using flow cytometry. As shown in Figure 3G,
compared with Con group, HCE cells of UV
group showed much higher relative DCFH-DA
density (p < 0.01). However, remarkably reduced
relative DCFH-DA density was found in HCE
cells of UV + miR-205-3p group when compared
to UV + miR-NC group (p < 0.01).

MiR-205-3p Directly Inhibited the
Expression of TLR4

Target Scan online prediction results showed
that miR-205-3p possessed the binding site for
TLR4 (Figure 4A). The results from the Lu-
ciferase activity assay revealed that, after the
MUT-TLR4-3’UTR fragment being inserted,
comparable relative Luciferase activity was
found between miR-NC group and miR-205-3p

group. However, by inserting WT-TLR4-3’UTR
fragment, HEK293 cells of miR-205-3p group
exhibited significantly lower relative Luciferase
activity than miR-NC group (p < 0.01) (Figure
4B). Then, TLR4 mRNA and protein expression
in HCE cells was determined by qRT-PCR and
Western blot. HCE cells of UV group had much
higher TLR4 mRNA and protein expression rel-
ative to Con group (p < 0.01). Notably, when
compared with UV + miR-NC group, prominent-
ly lower TLR4 mRNA and protein expression
was observed in HCE cells of UV + miR-205-3p
group (p < 0.01) (Figure 4C, D).

MiR-205-3p Protected HCE Cells from
UV Damage Via Regulating TLR4/NF-kB
Signaling

HCE cells of UV + miR-205-3p group exhibited
significantly higher cell viability and lower apopto-
sis percentage when compared with UV + miR-NC
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Figure 3. MiR-205-3p inhibited inflammation and oxidative stress in HCE cells induced by UV radiation. A-B, and C,
TNF-a, IL-6, and IL-1p level in HCE cells was detected by ELISA test. D-E, and F, MAD, SOD and GSH-PX level in HCE
cells was detected using the kit. G, The ROS level was reflected by detecting intracellular fluorescence using flow cytometry

(magnification: x 200). ** p < 0.01.

group and UV + miR-205-3p + TLR4 group (p <
0.01) (Figure 5A, B). As shown in Figure 5C, the
LC3 puncta of HCE cells in UV + miR-205-3p
group was much lower than that in UV + miR-NC
group and UV + miR-205-3p + TLR4 group (p <
0.01). In terms of inflammatory factors, HCE cells
of UV + miR-205-3p group showed much lower
TNF-a, IL-6 and IL-1B levels than UV + miR-NC
group and UV + miR-205-3p + TLR4 group (p <
0.01) (Figure 5D, E, F). Meanwhile, much higher
GSH-PX, SOD levels and lower MDA level was
occurred in HCE cells of UV + miR-205-3p group
relative to UV + miR-NC group and UV + miR-205-
3p + TLR4 group (p < 0.01) (Figure 5G, H, I). ROS
level detection indicated that, HCE cells of UV +
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miR-205-3p group had much lower relative DCFH-
DA density than UV + miR-NC group and UV +
miR-205-3p + TLR4 group (p < 0.01) (Figure 5J). In
addition, prominently lower TLR4, p-NF-xB/NF-
kB, LC3II/I, ATGS, Berclin-1 protein expression
and higher P62 protein expression was observed in
HCE cells of UV + miR-205-3p group when relative
to UV + miR-NC group and UV + miR-205-3p +
TLR4 group (p < 0.01) (Figure 5K).

Discussion

It has been discovered that radiation of cells by
UV light could trigger various signaling cascades
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Figure 4. MiR-205-3p directly inhibited the expression of TLR4. A, Target Scan online prediction results showed that miR-
205-3p possessed the binding site for TLR4. B, Luciferase activity assay was performed to verify the regulatory relationship
between miR-205-3p and TLR4. C, TLR4 mRNA expression in HCE cells was determined by qRT-PCR. D, TLR4 protein
expression in HCE cells was assessed by Western blot. ** p <0.01.

and these signaling cascades ultimately promoted
apoptosis of cells'. A large number of free rad-
icals were generated in the corneal tissues after
being exposed to UV light. As a result, biological
tissues might be damaged if the insufficient sup-
ply of free radical scavengers was occurred in
the irradiated tissues. Exposure to UV radiation
could cause damage and even death of corneal
epithelial cells, which was contributed to the
development of ocular lesions such as photokera-
titis>. The findings of this study indicated that ex-
posure to UV radiation could result in HCE cells
damage, such as reduced viability and prolifera-
tion, and enhanced apoptosis, autophagy, inflam-
matory response and oxidative stress. However,
overexpression of miR-205-3p could protect HCE
cells from UV damage. Mechanically, miR-205-
3p might protect HCE cells from UV damage by
inhibiting autophagy via targeting TLR4.

Several miRNAs have been discovered to be
involved in the regulation of corneal damage. How-
ever, it is still difficult to find relevant literatures on
miRNAs intervention in corneal damage caused by
UV radiation. This study indicated for the first time
that miR-205-3p upregulation could attenuate auto-
phagy in HCE cells induced by UV radiation. To
date, miR-205-3p is rarely researched in human dis-
eases and tissue damage. In the existing literatures,
miR-205-3p was only found to be overexpressed in
non-small cell lung cancer®. In colorectal cancer
cells exposed to low doses of ionizing radiation, the
expression level of miR-205-3p was significantly
increased, thereby increasing the radiosensitivity of
colorectal cancer cells'®. Our results proved for the
first time that miR-205-3p protected HCE cells from
UV damage by inhibiting autophagy.

Autophagy is a lysosomal degradation mecha-
nism that is crucial for the physiological function
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Figure 5. MiR-205-3p protected HCE cells from UV damage via regulating TLR4/NF-«B signaling. A, HCE cells viability
was detected by CCK-8 assay. B, HCE cells apoptosis was evaluated by flow cytometry. C, Immunofluorescence experiment
was used to detect the puncta of LC3 in HCE cells (magnification: x 400). D-E, and F, TNF-a, IL-6, and IL-1p level in HCE
cells was detected by ELISA test. G-H, and I, MAD, SOD and GSH-PX level in HCE cells was detected using the kit. J, The
ROS level was reflected by detecting intracellular fluorescence using flow cytometry (magnification: x 200). K, TLR4, p-NF-
kB/NF-xB, LC3II/I, ATGS, Berclin-1 and P62 protein expression was assessed by Western blot. ** p < 0.01.

and stress defense of cells’”. Maria et al'® sug-
gested that autophagic machinery was involved
in the regulation of cell cycle in the limbal stem
cells under UV radiation. Autophagy is also of-
ten found in other injuries or diseases caused by
UV radiation. Qiang et al" illustrated that UV
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radiation induced autophagy in epidermal cells,
leading to the occurrence of inflammation and
skin tumorigenesis. Misovic et al*® declared that
UV radiation caused autophagy in human kera-
tinocytes, and UV-induced apoptosis could be
suppressed by intervention with autophagy. From
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this paper, UV radiation resulted in the enhanced
autophagy in HCE cells. Notably, the overex-
pression of miR-205-3p inhibited the autophagy
level in HCE cells by regulating the expression
of autophagy-related proteins, including reducing
the expression of LC3II/I, ATGS, Berclin-1 and
elevating P62 expression.

Inflammatory response and oxidative stress
are two of the pathological features of damaged
tissues. In this research, miR-205-3p was found
to reduce the level of inflammatory factors in
HCE cells exposed to UV radiation, such as
TNF-a, I[L-6 and IL-1P. In normal tissues, the
generation and removal of ROS is in dynamic
equilibrium. However, in damaged tissues, ROS
was overproduced. As a response, a large amount
of SOD and GSH-PX would be generated to re-
move the excessive ROS?'. SOD and GSH-PX are
two important defense factors against antioxidant
damage?>*. Insufficient levels of SOD and GSH-
PX led to the accumulation of ROS in tissues.
The accumulated ROS attacked cell membrane
and caused peroxidative damage of the cell lipid,
which eventually led to the increased level of
MDA (a marker of lipid peroxidation)***. This
research revealed that ROS was elevated in HCE
cells irradiated by UV. However, miR-205-3p
could reduce ROS and elevate the level of SOD
and GSH-PX in these damaged HCE cells.

At last, but not the least, through in-depth
researches, we noticed that miR-205-3p might
protect HCE cells from UV damage via reg-
ulating TLR4/NF-xB signaling. TLR4 had
binding site for miR-205-3p, whose expres-
sion was directly suppressed by miR-205-3p.
As early as 2009, Sun et al*’ have discovered
that corneal inflammation could be inhibited
by using antagonists of TLR4. In the cornea
of mice infected with Aspergillus fumigatus,
TLR4 was confirmed to be upregulated®. For
rat infected by Pseudomonas aeruginosa, NL-
RP12 was reported to relieve corneal inflam-
mation by downregulating the NF-kB signaling
pathway?. Moreover, the inhibition of TLR4/
NF-«B signaling pathway could attenuate auto-
phagy and inflammatory injury of damaged tis-
sues’®’!. However, in corneal injury, especially
UV-induced corneal damage, rare studies have
investigated the effect of TLR4/NF-«xB signal-
ing on corneal damage. Our results pointed out
for the first time that miR-205-3p could inhibit
HCE cells from UV damage by suppressing the
phosphorylation of NF-xB proteins via target-
ing TLR4.

Conclusions

Collectively, this paper explored for the first
time that miR-205-3p protected HCE cells from
UV damage by inhibiting autophagy via target-
ing TLR4/NF-xB signaling. MiR-205-3p might
serve as an effective target for treating corneal
damage caused by UV radiation. More researches
would be implemented in the future in order to
provide more favorable evidence and theoretical
basis for this finding.
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