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Abstract: Damage of human corneal epithelial cells is often induced by exposure to various kinds of light including 
sunlight and artificial light. To determine the cytoprotective effects and the underlying mechanisms of epidermal 
growth factor (EGF) in human corneal epithelial (HCE) cells exposed to ultraviolet (UV) radiation. We found that cell 
viability as measured by CCK-8 assay and EDU incorporation assay was significantly decreased in HCE cells after 
UV exposure, while treatment with EGF promoted cell proliferation. EGF decreased the levels of LC3-I and LC3-II, 
the number of autophagosomes and autophagolysosomes in HCE cells exposed UV radiation. When cell autophagy 
was blocked by chloroquine, the cytoprotective effect of EGF was diminished as determined by cell viability assay. 
Furthermore, when HCE cells were treated with the ROS inhibitor NAC, cell viability was significantly decreased in 
EGF treated group compared with UV radiation only. In conclusion, these findings indicate that EGF has protective 
role in UV radiation induced HCE cell damage by inhibiting autophagy which might be mediated by increasing the 
production of ROS.
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Introduction

The eye and its corneal epithelial cells are con-
stantly exposed to various kinds of light includ-
ing sunlight and artificial light. Transmission of 
incident light though the eye is fundamental 
process for vision; however, the ultraviolet (UV)
radiation poses a hazard to ocular tissues. The 
ultraviolet radiation is a part of the electromag-
netic spectrum that covers the wavelength 
range from 100 to 400 nm, and is further divid-
ed into four bands: UV-vacuum from 100 to 
200 nm; UV-C from 200 to 280 nm; UV-B from 
280 to 315; and UV-A from 315 to 400 nm [1]. 
Under normal conditions, the cornea absorbs 
the majority of UV-B rays and protects the inner 
eye against UVB-induced damage [2]. Exceed 
absorption of UV-B might induce edema, photo-
keratitis, photo-ophthalmia, and epithelial 
damage [3]. Corneal epithelial cells are non-
keratinized, stratified squamous cells that form 

the first defense line to protect the eye from 
microbial infection and various environmental 
hazards including the ultraviolet-induced dam-
age [4]. The damaging cellular effects of UV 
radiation include DNA damage (formation of 
cyclobutane pyrimidinedimers), gene mutati- 
ons, immunosuppression, oxidative stress and 
inflammatory responses, apotosis and autoph-
agy [5]. However, therapeutic reagents for UV 
induced cell damage remain limited.

Many growth factors have been identified in 
maintaining the normal structure and function 
of the cornea, and in corneal epithelial healing 
[6, 7]. It has been reported that growth factors, 
such as insulin-like growth factor (IGF)-1, epi-
dermal growth factor (EGF), interleukin 6, fibro-
blast growth factor-2, transforming growth fac-
tor-b (TGF-b), keratinocyte growth factor (KGF) 
and hepatocyte growth factor could stimulate 
corneal epithelial cell migration both in vivo and 
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in vitro [8]. Of note, EGF, as a physiological 
ingredient in the tears, was reported to increase 
the proliferation and differentiation of corneal 
keratocytes and endothelial cells, contributing 
to the regeneration of corneal epithelium [9]. 
Evidence for the protective effect of EGF in UV 
induced cell injury remains limited and the 
underlying mechanisms need to be investi- 
gated.

Macroautophagy (herein termed autophagy) is 
a cellular stimulatable self-catabolic process 
that constitutively clears damaged proteins 
and organelles to an autolysosomal compart-
ment for degradation via lysosome-dependent 
pathway, which is critical in maintaining homeo-
stasis under physiological conditions [10]. 
Autophagy is observed in process of develop-
ment, differentiation, and tissue remodeling in 
various organisms [11]. However, whether 
autophagy plays beneficialor detrimental role 
remains controversial. Autophagy dysfunction 
is correlated with diverse pathologies, such as 
neurodegeneration, cancer, infection and ag- 
ing, eye diseases, and vascular disorders [12]. 
Enhancing cell autophagy or reducing that pro-
cess has become therapeutic target depending 
on the situations. 

Herein, the present study was designed to 
investigate whether EGF protects against 
UV-induced cell damage in human corneal epi-
thelial cells. Our results demonstrate that EGF 
can significantly improve cell viability, which 
could possibly mediated by reduction of auto- 
phagy, and reactive oxygen species (ROS) con-
tribute to the cytoprotective effect of EGF.

Materials and methods

Reagents

All cell culture reagents were purchased from 
Invitrogen (Gibco BRL, Burlington, ON, Canada). 
A cell counting kit-8 (CCK-8) was acquired from 
Dojin Laboratories (Kumamoto, Kyushu, Japan). 
DAPI was obtained from Invitrogen/Life Tech- 
nologies (Carlsbad, CA, USA).

Cell culture and UV irradiation

Human corneal epithelial (HCE) cells were pur-
chased from American Type Culture Collection 
(ATCC, Manassas, VA). The cells were cultivated 
on 6-well cell culture plates in Keratinocyte-
SFM medium (Gibco, Invitrogen, Paisley, UK) 

supplemented with 100 U/ml penicillin, 100 
µg/ml streptomycin (all from Gibco), and 10% 
fetal bovine serum (HyClone, Logan, UT) in a 
humidified incubator constantly filled with 5% 
CO2 at 37°C. For UV irradiation experiments, 
cells reached approximately 85%-90% conflu-
ence, the growth medium was removed and the 
cells were at a distance of 60 cm from the UV 
light source and exposed at an intensity of 42 
μJ/cm2.

Cell viability assay

The viability of the HCE cells was evaluated by 
CCK-8 assay. 5×103 cells were seeded into 
96-well plates. Briefly, after the treatment of 
the different groups, 10 μL of CCK-8 reagent 
was added to the cells, followed by incubation 
for 1.5 h at 37°C with 5% CO2. The optical den-
sity (OD) was measured at an absorbance 
wavelength of 450 nm with a multifunctional 
microplate reader (Thermo) according to the 
manufacturer’s instructions.

Western blot

HCE cells were washed with pre-cold PBS and 
lysed with the RIPA buffer (50 mmol/L HEPES 
at pH 7.5, 150 mmol/l NaCl, 10% glycerol, 1.5 
mmol/L MgCl2, 1% Triton-X 100, 1 mmol/L 
EDTA at pH 8.0, 10 mmol/L sodium pyrophos-
phate, 10 mmol/L sodium fluoride) supple-
mented with the protease and phosphatase 
inhibitor cocktails, and centrifuged at 1,2000 g 
for 10 min at 4°C. After quantification of protein 
concentrations by BCA protein assay kit, equal 
amount of protein (30 µg) was subjected to 
SDS-PAGE, and followed by transferred onto 
PVDF membrane at 400 mA for 1-2 h at 4°C. 
Membranes were blocked with 5% non-fat milk 
and probed with indicated primary antibody 
overnight at 4°C and then blotted with indicat-
ed secondary antibodies. Membranes were 
developed with enhanced-chemiluminescence 
substrate and visualizedwith Bio-Rad Chemi- 
DocTM XRS system (Hercules, CA, USA). Inte- 
nsities of proteins were analyzed using Image 
Lab 3.0 (BioRad, Hercules, CA, USA). Mono- 
clonal antibody against β-actin was used as the 
internal control.

Transmission electron microscopy (TEM)

Cell pellets were fixed with 2.5% glutaraldehyde 
in 0.1 M phosphate buffer. The cells were 
washed with 0.1 M sodium cacodylate buffer 
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and postfixed with 1% osmium tetroxide. The 
specimens were then dehydrated in graded 
ethanol series, infiltrated, and embedded in 
Spurr’s resin. TEM was performed on PHILIPS 
CM120 TEM at an accelerating voltage of 120 
Kv. Images were acquired with Gatan type 
UltraScan 4000SP CCD Camera connected to 
the TEM.

Statistical analysis

Data are presented as the mean ± standard 
deviation (SD). Comparisons between two 
groups were evaluated by Student’s t-test. 
Values of P<0.05 were considered statistically 
significant. Assays were performed at least 
three times independently.

Results

EGF enhances HCE cell proliferation in re-
sponse to UV radiation

To examine the effect of EGF in UV-induced cell 
damage, HCE cells were divided into the follow-
ing four groups: control, UV, EGF, and UV+EGF 

group. As shown by CCK-8 assay, in compari-
son to the control group, UV-treatment signifi-
cantly inhibited cell proliferation while EGF 
treatment showed opposite effect (Figure 1A). 
EGF could enhance the UV-induced cell prolif-
eration inhibition (Figure 1A). EDU-incorpora- 
tion results confirmed the effect of EGF, where 
UV+EGF treated cells displayed elevated per-
centage of EDU-incorporation compared to UV 
treated cells (Figure 1B). 

EGF resuces UV radiation induced HCE cells 
autophagy 

To explore the potential mechanism of EGF 
mediated cell proliferation, autophagy was 
examined. LC3 is a well-established marker of 
autophagosomes in mammalian cells. In this 
study, HCE cells were tansfeced with mRFP-
GFP-LC3 and subjected to the UV-radiation or 
EGF treatment 24 hours later. HCE cells in UV 
group showed significantly increased autopha-
gy compared to the other three groups; and 
EGF significantly reduced the rate of autophagy 
in response to UV radiation (Figure 2A). The for-

Figure 1. Effect of EGF on cell viability after UV radiation. 
The HCE cells were non-radiated (control), UV-radiated (UV), 
treated with 5 ng/ml EGF (EGF), or UV-radiated and treated 
with 5 ng/ml EGF (UV+EGF). A. CCK-8 was examined after 
treatment for 48 h. Data is expressed as a percentage of 
control. B. EDU incorporation was performed to evaluate 
cell proliferation. Proliferating cells were stained with EDU, 
and total cells were stained with Hoechest 3344. Ratios of 
EDU-positive cells in total cells were calculated and ana-
lyzed (right panels). Statistical significance is shown by an 
asterisk (P<0.05) or a double asterisk (P<0.001). 
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mations of autophagosomes and autophagoly-
somes are important signs of autophagy. So, 
we observed the formations of autophago-
somes and autophagolysosomes by transmis-
sion electron microscopy (TEM). Autophago- 
somes are double-membrane autophagic vacu-
oles which contain oligomeric protein complex-
es and organelles. Autophagolysosomes are 
single-membrane bound degradative vacuoles 
that are formed by fusion of autophagosomes 
with lysosomes [11, 13]. In this study, HCE cells 
in exposure to UV radiation showed significantly 
increased levels of autophagosomes and au- 
tophagolysosomes (Figure 2B). By contrast, 
cells treated with EGF showed reduced autoph-
agy, as revealed by autophgosomes and auto- 
phagolysosomes (Figure 2B). Notably, when 
HCE cells received EGF treatment after UV radi-
ation, they displayed significantly decreased 
levels of autophgosomes and autophagolyso-

somes (Figure 2B). When autophagy occurs, 
punctate LC3 protein appears, and the soluble 
form of LC3 (LC3-I) is converted into the lipidat-
ed and autophagosome-associated form (LC3-
II) [14]. In the present study, we showed EGF 
treated cells which were exposed to UV radia-
tion had decreased LC3 autophagy flux. UV 
treated cells had increased levels of LC3-I 
(cytosolic) and lipidated LC3-II, whereas EGF 
treated cells showed evidently decreased lev-
els of both LC3-I and LC3-II (Figure 2C). 
Together, these data suggested that EGF could 
significantly attenuate the autophagy flux of 
cells which might be trigged by UV radiation.

Inhibition of autophagy by chloroquine abro-
gates cell proliferation inhibitory effect of UV 
condition

To determine whether autophagy displayed pro-
tective roles in the UV radiation induced cell 

Figure 2. Effect of EGF on cell autophagy after UV radiation. The HCE cells were non-radiated (control), UV-radiated 
(UV), treated with 5 ng/ml EGF (EGF), or UV-radiated and treated with 5 ng/ml EGF (UV+EGF). HCE cells were treated 
with EGF for 24 h. A. HCE cells were transfected with mRFP-GFP-LC3 plasmid. 24 h after transfection, HCE cells were 
subjected into different treatment. Representative fluorescence images were shown (left panels). Autophagosomes 
and autolysosomes were quantified and analyzed (right panels). B. Autophagic vacuoles were examined by trans-
mission electron microscopy. Arrows indicate autolysosomes (double membrane structure). C. Western blot was 
performed to examine the levels of LC3-I and LC3-II with GAPDH as loading control.
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proliferation inhibition, a well-known autophagy 
inhibitor, chloroquine (CQ), was employed in 

this study. Cells were divided into control, UV, 
CQ, UV+CQ groups. The CCK-8 results showed 

Figure 3. Effect of inhibiting autophagy by chloroquine on cell viability and autophagy after UV radiation. The HCE 
cells were non-radiated (control), UV-radiated (UV), treated with 10 µmol/L chloroquine (CQ), or UV-radiated and 
treated with 10 µmol/L CQ (UV+CQ). A. CCK-8 was examined after treatment for 48 h. Data is expressed as a per-
centage of control. B. Cell proliferation was detected by EDU incorporation assay after treatment for 24 h. Ratios of 
EDU-positive cells in total cells were calculated and analyzed (right panels). C. Western blot analysis of cell lysates 
was performed using LC3-I and LC3-II antibodies. GAPDH was used as internal control. D. After HCE cells were 
transfected with mRFP-GFP-LC3 plasmid for 24 h, cells were subjected into different treatment. Representative 
fluorescence images were shown (right panels). Autophagosomes and autolysosomes were quantified and analyzed 
(left panels). Statistical significance is shown by an asterisk (P<0.05) or a double asterisk (P<0.001).
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that the cell growth of HCE cells was higher 
after chloroquine administration for 48 h after 
UV exposure for 30 s compared to UV exposure 
only (Figure 3A). The effect of chloroquine was 
further confirmed by EDU incorporation experi-
ment. Similarly, HCE cells in CQ+UV group 
showed more EDU-positive rates than cells in 
UV group (Figure 3B). Furthermore, we exam-
ined the autophagy inhibition role of chloro-
quine by Western Blot andtwo-color  fluores-
cence assay. Western Blot results revealed that 
cells in CQ+UV group showed decreased level 
of LC3-I and increased level of LC3-II compared 
with cells in UV group (Figure 3C). In addition, 
chloroquine treatment resulted in decreased 
levels of autophagosomes and autolysosomes 
in HCE cells exposed to UV when compared 
with cells exposed to UV (Figure 3D). Together, 
these results suggested that inhibition of 
autophagy by chloroquine could attenuate the 
autophagic damage caused by UV exposure.

Blockade of autophgy by chloroquine attenu-
ates the protective effect of EGF in the process 
of UV radiation induced damage

To verify our hypothesis that the protective 
effect of EGF was partly mediated by autopha-
gy, we used EGF in combination with chloro-
quine. In this part, cells were allocated into UV, 
UV+CQ, UV+EGF, UV+CQ+EGF. Cell proliferation 
was determined after HCE cells were exposed 
to UV radiation and then treated with indicated 
drugs for 48 h. CCK-8 assay showed that no 
significant difference of HCE cell proliferation 
was observed between UV+CQ+EGF and 
UV+CQ groups, suggesting that the protective 
effect of EGF was abolished by autophagy 
inhibitor, chloroquine (Figure 4A). Similar 
results were obtained by EDU incorporation 
assay, where HCE cells in UV+CQ+EGF and 
UV+CQ groups showed almost the same EDU-
positive rates (Figure 4B). Collectively, block-
age of autophagy by pharmacological inhibitor 

Figure 4. Effect of inhibition of autophagy by chloroquine on the role of EGF after UV radiation. The HCE cells were 
UV-radiated (UV), UV-radiated and treated with 10 µmol/L chloroquine (UV+CQ), UV-radiated and treated with 5 ng/
ml EGF (UV+EGF), or UV-radiated and treated with 10 µmol/L chloroquine and 5 ng/ml EGF (UV+CQ+EGF). A. CCK-
8 was examined after treatment for 48 h. Data is expressed as a percentage of control. B. EDU incorporation was 
performed to evaluate cell proliferation. Proliferating cells were stained with EDU, and total cells were stained with 
Hoechest 3344. Ratios of EDU-positive cells in total cells were calculated and analyzed (right panels). Statistical 
significance is shown by an asterisk (P<0.05) or a double asterisk (P<0.001). 
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suppressed protective effect of EGF in UV 
induced cell damage, revealing that autophagy 

was required for UV radiation induced cell dam-
age and could be attenuated by EGF.

Figure 5. Effect of inhibition of ROS by N-acetylcysteine on the role of EGF after UV radiation. The HCE cells were UV-
radiated (UV), UV-radiated and treated with 40 mmol/L NAC (UV+NAC), UV-radiated and treated with 5 ng/ml EGF 
(UV+EGF), or UV-radiated and treated with 40 mmol/L NAC and 5 ng/ml EGF (UV+NAC+EGF). A. Cell viability was 
determined with CCK-8 assay in different conditions. CCK-8 was performed 48 h after treatment with NAC for 30 
min. B. EDU incorporation was performed after HCE cells were treated with NAC for 24 h. Ratios of EDU-positive cells 
in total cells were calculated and analyzed (right panels). C. LC3-I and LC3-II levels in different conditions were ana-
lyzed with Western blot. D. 24 h after HCE cells were transfected with mRFP-GFP-LC3 plasmid, cells were subjected 
into different treatment. Representative fluorescence images were shown (right panels). Autophagosomes and au-
tolysosomes were quantified and analyzed (left panels). Statistical significance is shown by an asterisk (P<0.05) or 
a double asterisk (P<0.001).
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ROS is involved in the EGF mediated au-
tophagy reduction in UV radiation induced cell 
damage

Our previous study showed that EGF could pro-
mote the production of reactive oxygen species 
(ROS). However, whether ROS was involved in 
the process of autophagy inhibition by EGF in 
the UV radiation induced cell damage was 
unknown. Herein, we investigated the role of 
ROS in the process by using N-acetylcysteine 
(NAC), a typical ROS scavenger. Cells were 
divided into four groups: UV, UV+NAC, UV+EGF, 
UV+NAC+EGF. Protective effect of EGF was 
diminished when ROS production was inhibited 
by NAC, as revealed by decreased cell viability 
in UV+NAC+EGF group compared with UV+EGF 
group by CCK-8 assay (Figure 5A). Cell prolifer-
ation was further examined by EDU incorpora-
tion assay, which showed that HCE cells in 
UV+NAC+EGF group showed relatively lower 
EDU positive rate in comparison with those in 
UV+EGF group (Figure 5B). However, whether 
NAC caused inhibition of ROS was correlated 
with autophagy remained unclear. We detected 
the levels of LC3-I and LC3-II by Western Blot. 
Our results showed that HCE cells in UV+ 
NAC+EGF group had higher levels of LC3-I and 
LC3-II compared to UV+EGF group, suggesting 
that inhibition of ROS could enhance cell 
autophagy (Figure 5C). Fluoresence results 
also indicated increased autophagy was found 
in UV+NAC+EGF group when compared with 
UV+EGF group (Figure 5D). Taken together, 
these data indicated that the protective effect 
of EGF was mediated, at least for a part, by  
production of ROS.

Discussion

Autophagy plays fundamentally important role 
for the maintenance of intracellular homeosta-
sis and is essential for the degradation of intra-
cellular components via a lysosome-dependent 
pathway [15, 16]. Although autophagy serves 
as a cytoprotective mechanism in response to 
stress, it can also lead to cell death under spe-
cific circumstances, a process known as 
‘autophagic cell death’ (ACD), which is distin-
guished from the other form of programmed 
cell death [17]. ACD is morphologically defined 
as a type of cell death that occurs in the 
absence of chromatin condensation but is 
accompanied by large-scale autophagic vacuol-
ization of the cytoplasm [18]. Thus, the balance 

between the production of autophagosome 
and appropriate lysosomal degradation deter-
mines the protective or detrimental role of 
autophagy.

In the present study, we demonstrated that 
autophagy was impaired in HCE cells during the 
process of UV radiation induced damage and 
that inhibition of autophagy by chloroquine 
attenuated the protective effect of EGF at UV 
circumstance. Furthermore, inhibition of the 
production of ROS abolished the protective role 
of EGF, indicating that the effect is mainly due 
to increased production of ROS.

To address the role of EGF in the UV induced 
damage, we measured cell viability via CCK-8 
and EDU incorporation assays. As with previ-
ously studies, we found UV radiation could 
result in a significantly reduction in HCE cell 
viability. When HCE cells were treated with EGF, 
they showed significantly an increase of cell 
viability compared with control cells. And EGF 
treatment could increase cell viability after UV 
exposure. These data suggested that EGF 
played protective effect during UV radiation 
induced cell damage. 

In order to study the effect of EGF on the 
autophagy process, we tansfected HCE cells 
with mRFP-GFP LC3 plasmid, and analyzed the 
levels of autophagosomes and autolysosomes. 
After treatment with EGF, the amount of autoly-
sosmes showed a remarkably decreased, indi-
cating a defect of autophagy by EGF treatment. 
Accordingly, we analyzed the protein level of 
LC3, a key autophagy marker. We observed 
that the level of LC3-I and LC3-II in HCE cells 
treated with EGF showed an obviously decrease 
compared to those treated with UV radiation. 
When HCE cells received UV radiation, followed 
by treatment with EGF, they showed decreased 
levels of both LC3-I and LC3-II, suggesting EGF 
could decrease the level of autophagy in UV 
induced damage. Moreover, our TEM results 
were in consistent with Immunomicroscopy and 
Western Blot, confirming the role of EGF in 
autophagy reduction process.

To confirm that EGF displayed protective role in 
the UV radiation induced cell damage by inhibi-
tion of autophagy, we usedchloroquine as a 
model to investigate autophagy process in this 
study. The CCK-8 and EDU incorporation experi-
ment results showed that HCE cells prolifera-
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tion was higher after chloroquine administra-
tion under UV radiation condition. And auto- 
phagy marker, autophagosomes and autolyso-
somes were downregulated by choloroquine 
treatment in HCE cells after UV exposure. In 
addition, the protective effect of EGF, as mea-
sured by CCK-8 and EDU incorporation assay, 
was abolished by chloroquine. Collectively, 
blockage of autophagy by pharmacological 
inhibitor attenuated the protective effect of 
EGF in UV induced cell damage, revealing that 
autophagy was required for UV radiation 
induced cell damage and could be attenuated 
by EGF.

Endogenous reactive oxygen species (ROS) 
include hydroxyl radical, superoxide anion, and 
hydrogen peroxide, and are mainly produced on 
the mitochondrial inner membrane during the 
process of oxidative phosphorylation via the 
electron transport chain [19, 20]. Oxidative 
stress plays vital roles in the pathogenesis of 
many diseases, including ocular surface dis-
eases, such as keratoconus, Fuchs’ dystrophy 
[21-26]. It is well established that continuous 
exposure to UV irradiation causes excessive 
production of ROS [27-29]. Extremely high lev-
els of ROS destroy almost all cellular compo-
nents, which then trigger cell death [30]. 
However, mild level of ROS might play opposite 
roles. 

In the present study, we investigated whether 
EGF reduced UV radiation induced autophagy 
by promoting generation of ROS. Given the evi-
dence that ROS generation can be suppressed 
by the classic antioxidant, N-acetylcysteine, we 
used NAC as ROS scavenger. Cell viability 
showed no significant changes when HCE cells 
were treated with a combination of NAC and 
EGF compared to those treated with EGF only 
under UV radiation condition, as measured by 
CCK-8 or EDU incorporation experiments. 
Evidence has already demonstrated that an 
increase in ROS level in mitochondrion is cor-
related with autophagy defect [31]. Hence, we 
detected whether the anti-autophgic role of 
EGF was mediated by ROS. The levels of LC3-I 
and LC3-II by Western Blot, which showed that 
HCE cells in UV+NAC+EGF group had higher lev-
els of LC3-I and LC3-II compared to UV+EGF 
group, suggesting that inhibition of ROS could 
enhance cell autophagy. Furthermore, Immnu- 
nomicroscopy results also indicated increased 
autophagy was found in UV+NAC+EGF group 

when compared with UV+EGF group. Thus 
these data firmly indicated that EGF showed 
anti-autophygic role in UV induced damge by 
increasing the generation of ROS.

In conclusion, this study demonstrated that 
EGF promotes HCE cells survival by autophagy 
inhibition, and these biological changes can be 
reverted by cholorquine. What’s more, the 
autophagy inhibitory effect of EGF is mediated 
by generation of ROS. Taken together, our data 
support EGF has therapeutic potential in UV 
radiation related corneal diseases.

Acknowledgements

This study was funded by National Natural 
Science Foundation of China (81200662), 
Special Research Fund for Doctoral Degree 
Disciplines Point of China’s Colleges and Uni- 
versities (20120101120061), Medical Scien- 
tific Research Items (MSRI) of Zhejiang Provi- 
nce (2013KYB14), and Zhejiang Natural Sci- 
ence Foundation (LY12H12010).

Disclosure of conflict of interest

None.

Address correspondence to: Xin Xie, Eye Center, 
Second Affiliated Hospital, School of Medicine, 
Zhejiang University, No. 88 Jiefang Road, Hangzhou 
310009, Zhejiang, China. E-mail: xin_xie12@sina.
com

References

[1] Bergmanson JP, Sheldon TM. Ultraviolet radia-
tion revisited. CLAO J 1997; 23: 196-204.

[2] Pauloin T, Dutot M, Joly F, Warnet JM, Rat P. 
High molecular weight hyaluronan decreases 
UVB-induced apoptosis and inflammation in 
human epithelial corneal cells. Mol Vis 2009; 
15: 577-83.

[3] Kolozsvari L, Nogradi A, Hopp B, Bor Z. UV ab-
sorbance of the human cornea in the 240- to 
400-nm range. Invest Ophthalmol Vis Sci 
2002; 43: 2165-8.

[4] Kumar A, Yu FS. Toll-like receptors and corneal 
innate immunity. Curr Mol Med 2006; 6: 327-
37.

[5] Meeran SM, Punathil T, Katiyar SK. IL-12 defi-
ciency exacerbates inflammatory responses in 
UV-irradiated skin and skin tumors. J Invest 
Dermatol 2008; 128: 2716-27.

[6] Yu FS, Yin J, Xu K, Huang J. Growth factors and 
corneal epithelial wound healing. Brain Res 
Bull 2010; 81: 229-35.



EGF ameliorate UV induced HCE’s injury via autophagy

9017 Int J Clin Exp Pathol 2016;9(9):9008-9017

[7] Ma K, Yan N, Huang Y, Cao G, Deng J, Deng Y. 
Effects of nerve growth factor on nerve regen-
eration after corneal nerve damage. Int J Clin 
Exp Med 2014; 7: 4584-9.

[8] Abdelkader H, Patel DV, McGhee C, Alany RG. 
New therapeutic approaches in the treatment 
of diabetic keratopathy: a review. Clin Experi-
ment Ophthalmol 2011; 39: 259-70.

[9] Wang L, Wu X, Shi T, Lu L. Epidermal growth 
factor (EGF)-induced corneal epithelial wound 
healing through nuclear factor kappaB sub-
type-regulated CCCTC binding factor (CTCF) ac-
tivation. J Biol Chem 2013; 288: 24363-71.

[10] Galluzzi L, Pietrocola F, Levine B, Kroemer G. 
Metabolic control of autophagy. Cell 2014; 
159: 1263-76.

[11] Wilkinson DS, Jariwala JS, Anderson E, Mitra K, 
Meisenhelder J, Chang JT, Ideker T, Hunter T, 
Nizet V, Dillin A, Hansen M. Phosphorylation of 
LC3 by the Hippo kinases STK3/STK4 is es-
sential for autophagy. Mol Cell 2015; 57: 55-
68.

[12] Boya P, Reggiori F, Codogno P. Emerging regu-
lation and functions of autophagy. Nat Cell Biol 
2013; 15: 713-20.

[13] Shintani T, Klionsky DJ. Autophagy in health 
and disease: a double-edged sword. Science 
2004; 306: 990-5.

[14] Zhang J, Bai Y, Huang L, Qi Y, Zhang Q, Li S, Wu 
Y, Li X. Protective effect of autophagy on hu-
man retinal pigment epithelial cells against li-
pofuscin fluorophore A2E: implications for age-
related macular degeneration. Cell Death Dis 
2015; 6: e1972.

[15] Ryter SW, Cloonan SM, Choi AM. Autophagy: a 
critical regulator of cellular metabolism and 
homeostasis. Mol Cells 2013; 36: 7-16.

[16] Settembre C, Fraldi A, Medina DL, Ballabio A. 
Signals from the lysosome: a control centre for 
cellular clearance and energy metabolism. Nat 
Rev Mol Cell Biol 2013; 14: 283-96.

[17] Doria A, Gatto M, Punzi L. Autophagy in human 
health and disease. N Engl J Med 2013; 368: 
1845.

[18] Kroemer G, Levine B. Autophagic cell death: 
the story of a misnomer. Nat Rev Mol Cell Biol 
2008; 9: 1004-10.

[19] Lee DJ, Kang SW. Reactive oxygen species and 
tumor metastasis. Mol Cells 2013; 35: 93-8.

[20] Kang X, Kong F, Wu X, Ren Y, Wu S, Wu K, Jiang 
Z, Zhang W. High glucose promotes tumor inva-
sion and increases metastasis-associated pro-
tein  expression in human lung epithelial cells 
by upregulating heme oxygenase-1 via reactive 
oxygen species or the TGF-beta1/PI3K/Akt sig-
naling pathway. Cell Physiol Biochem 2015; 
35: 1008-22.

[21] Buddi R, Lin B, Atilano SR, Zorapapel NC, Ken-
ney MC, Brown DJ. Evidence of oxidative stress 
in human corneal diseases. J Histochem Cyto-
chem 2002; 50: 341-51.

[22] Azizi B, Ziaei A, Fuchsluger T, Schmedt T, Chen 
Y, Jurkunas UV. p53-regulated increase in oxi-
dative-stress--induced apoptosis in Fuchs en-
dothelial corneal dystrophy: a native tissue 
model. Invest Ophthalmol Vis Sci 2011; 52: 
9291-7.

[23] Bemeur C, Desjardins P, Butterworth RF. Evi-
dence for oxidative/nitrosative stress in the 
pathogenesis of hepatic encephalopathy. 
Metab Brain Dis 2010; 25: 3-9.

[24] Wasserman WW, Fahl WE. Functional antioxi-
dant responsive elements. Proc Natl Acad Sci 
U S A 1997; 94: 5361-6.

[25] Kietzmann T. Intracellular redox compart-
ments: mechanisms and significances. Antiox-
id Redox Signal 2010; 13: 395-8.

[26] Giacco F, Brownlee M. Oxidative stress and di-
abetic complications. Circ Res 2010; 107: 
1058-70.

[27] Liebel F, Kaur S, Ruvolo E, Kollias N, Southall 
MD. Irradiation of skin with visible light induc-
es reactive oxygen species and matrix-degrad-
ing enzymes. J Invest Dermatol 2012; 132: 
1901-7.

[28] Poljsak B, Dahmane R. Free radicals and ex-
trinsic skin aging. Dermatol Res Pract 2012; 
2012: 135206.

[29] Palmer DM, Kitchin JS. Oxidative damage, skin 
aging, antioxidants and a novel antioxidant rat-
ing system. J Drugs Dermatol 2010; 9: 11-5.

[30] Zong L, Li J, Chen X, Chen K, Li W, Li X, Zhang 
L, Duan W, Lei J, Xu Q, Shan T, Ma Q, Sun H. 
Lipoxin A4 attenuates cell invasion by inhibit-
ing ros/erk/mmp pathway in pancreatic can-
cer. Oxid Med Cell Longev 2016; 2016: 
6815727.

[31] Yang S, Wang X, Contino G, Liesa M, Sahin E, 
Ying H, Bause A, Li Y, Stommel JM, Dell’antonio 
G, Mautner J, Tonon G, Haigis M, Shirihai OS, 
Doglioni C, Bardeesy N, Kimmelman AC. Pan-
creatic cancers require autophagy for tumor 
growth. Genes Dev 2011; 25: 717-29.


