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ATRA protects skin fibroblasts against UV-induced
oxidative damage through inhibition of E3 ligase Hrd1
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Abstract. All-trans retinoic acid (ATRA) can protect fibro-
blasts against ultraviolet (UV)-induced oxidative damage,
however, its underlying molecular mechanism is still
unclear. The present study aimed to investigate the role of
3-hydroxy-3-methylglutaryl reductase degradation (Hrdl)
in the protective effect of ATRA on human skin fibroblasts
exposed to UV. The expression of Hrdl in human or mice skin
was assessed by immunohistochemistry (IHC) staining and
western blot analysis. Hrd1 siRNA (si-Hrd1l) and Hrd1 recom-
binant adenoviruses (Ad-Hrd1) were used to downregulate and
upregulate Hrdl expression in fibroblasts, respectively. The
interaction between Hrdl and NF-E2-related factor 2 (Nrf2)
was assessed by co-immunoprecipitation (co-IP) and immu-
nofluorescence analysis. The results revealed that Hrdl
expression was increased but Nrf2 expression was decreased
in UV-exposed human skin fibroblasts. In addition, ATRA
could reverse the increase of Hrdl expression induced by UV
radiation in vivo and in vitro. ATRA or knockdown of Hrdl
could increase Nrf2 expression in fibroblasts exposed to UV
radiation, and Hrdl could directly interact with Nrf2 in skin
fibroblasts. Notably, overexpression of Hrdl abolished the
protective effect of ATRA on the UV-induced decrease of Nrf2
expression, the production of reactive oxygen species (ROS)
and the decrease of cell viability. In conclusion, the present
data demonstrated that ATRA protected skin fibroblasts
against UV-induced oxidative damage through inhibition of
E3 ligase Hrdl.
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Introduction

Chronic ultraviolet (UV) exposure is harmful and hazardous
to the human skin. Excessive UV light irradiation can
penetrate the skin and impair cellular antioxidant defense in
dermal human fibroblasts (HDFs), which play an important
role in maintaining normal structure and function of the
skin (1,2). Consequently, high production of reactive oxygen
species (ROS) leads to cellular oxidative stress, cell damage
and apoptosis (3,4). Since the generation of ROS has been
associated with the pathogenesis of UV-mediated damage
in skin cells, many antioxidants have been used to protect
HDFs against UV through induction of NF-E2-related
factor 2(Nrf2)-dependent antioxidant gene expression (5,6).
The transcription factor Nrf2 could bind antioxidant
response elements (AREs) and regulate the expression of anti-
oxidant genes such as NQOI, y-GCS, HO-1 and others (7). It
has been reported that Nrf2 acts as a master regulator of the
cellular antioxidant defense against cutaneous photodamage
mediated by UV radiation (8,9). Notably, Nrf2 knock-out
mice displayed UV-induced sunburn reaction and oxidative
DNA damage compared to wild-type mice (10). As a result,
pharmacological activation of Nrf2 has been a novel approach
to skin photoprotection. All-trans retinoic acid (ATRA) has
been clinically used to treat several skin diseases including
UV-induced skin oxidative damage (11,12). Tan et al reported
that ATRA could activate Nrf2 and induce Nrf2 target genes
expression (13). However, whether ATRA could increase Nrf2
expression to protect skin fibroblasts against UV-induced
oxidative damage remains unclear.
3-Hydroxy-3-methylglutaryl reductase degradation (Hrd1),
also known as synoviolin, is a endoplasmic reticulum-associ-
ated degradation (ERAD)-associated E3 ubiquitin ligase (14).
It contains a RING finger domain at the C-terminus required
for ubiquitin ligase activity. HRDI is implicated in the patho-
genesis of rheumatoid arthritis, Alzheimer's disease, liver
fibrosis, renal fibrosis, Parkinson's disease, cancer and Wolfram
syndrome (15-19). Wu er al (16) demonstrated that Hrdl is
the specific E3 ubiquitin ligase of Nrf2 and induces Nrf2
ubiquitylation and degradation in embryonic fibroblast cells.
Although Hrdl could be upregulated in response to oxidative
stress, little is known about the role of Hrdl in UV-induced
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skin oxidative damage. Using skin tissues, upregulation of
Hrdl expression and downregulation of Nrf2 expression were
detected in UV-exposed fibroblasts from human skin. It was
also revealed that ATRA could reverse the increase of Hrdl
expression induced by UV radiation in vivo and in vitro. The
aim of the present study was to investigate the role of Hrd1
in the protective effect of ATRA on human skin fibroblasts
exposed to UV.

Materials and methods

Collection of clinical skin samples. Samples of human skin
(n=10) were obtained from surgeries at the First Affiliated
Hospital of Nanjing Medical University. Samples were divided
into 2 groups with the same sex (all female) and age (average
age of sun-exposed group: 40.20+11.39; average age of
sun-protected group: 40.00+10.32). The sun-protected group
consisted of breast or back skin areas and the sun-exposed
group consisted of face or neck skin areas. For immunohis-
tochemical analysis, the skin biopsies were placed in 10%
phosphate-buffered formalin. The present study was approved
by the Local Ethics Committees of the First Affiliated
Hospital of Nanjing Medical University (Nanjing, China)
(Permit no. 2016-SRFA-033). Written informed consent was
obtained from all participants in this study.

Animal model. BALB/ C mice (age, 6-8 weeks; weight,
18-22 g; 20 male and 20 female) were obtained from the
Chinese Academy of Sciences, Shanghai SLAC Laboratory
Animal Co., Ltd., and maintained in a pathogen-free barrier
facility at Nanjing Medical University. The mice were main-
tained at 22-23°C, 55-60% humidity and a 12-h light/dark
cycle, and provided with certified standard chow and tap
water ad libitum. Mice were randomly divided into 4 groups:
the control group, the UV group, the ATRA group and the
UV+ATRA group. The dorsal area of all mice was shaved with
electric clippers twice a week. The UV source was supplied by
Bio-spectra system (Vilber Lourmat) with a UVB fluorescent
bulb with a peak wavelength at 312 nm and a UVA fluorescent
bulb with a peak wavelength at 365 nm. Mice in the ATRA
group received 0.1% ATRA cream (15 mg ATRA:15 g cream;
Chongqing Huapont Pharmaceutical Co., Ltd.) on the back,
coating 0.1 ml every time. Mice in the UV+ATRA group
received ATRA cream, and then were treated with UV. Mice
were exposed to UVA 10 J/cm?, UVB 30 mJ/cm? every day
for 14 weeks and the duration of the exposure was 1 h/day.
During the entire experimental process, all efforts were made
to minimize the suffering of the animals, in accordance with
the Institutional Animal Care and Use Committee (IACUC) of
Nanjing Medical University.

Immunohistochemistry (IHC) and immunofluorescence
analyses. Human and mice skin tissues were prepared
for immunohistochemical analysis. Sections (6-ym thick)
were immunolabeled with primary antibodies (Hrdl 1:150;
cat. no. ab118483; Nrf2 1:200; cat. no. ab62352; Abcam). For
immunofluorescent staining, fibroblasts were incubated with
primary antibodies (Hrdl, 1:50; Nrf2, 1:100) for 1 h at room
temperature. After washing with PBST, cells were incubated
with secondary antibodies [Alexa546- (1:200; cat. no. A10040;
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Thermo Fisher Scientific, Inc,) or Alexa488- (1:200;
cat. no. A21206; Thermo Fisher Scientific, Inc.) conjugated
donkey anti-rabbit IgG, Alexa350- (1:200; cat. no. A21081;
Thermo Fisher Scientific, Inc.) or Alexa546- (1:200; cat.
no. A11056; Thermo Fisher Scientific, Inc.) conjugated donkey
anti-goat Ig) for 45 min. Images were captured by LSM 700
confocal laser scanning microscope (Zeiss AG), equipped
with a ZEN 2009 software for image acquisition and analyses.

Cell culture and treatment. HDFs were aseptically isolated
from healthy adult male circumcised foreskins with the approval
of the Local Ethics Committees of the First Affiliated Hospital
of Nanjing Medical University (Permit no. 2016-SRFA-033).
Written informed consent was obtained from all subjects in
this study. Normal skin samples were sterilized in 70% ethanol,
minced, put in collagenase for 1 hour and incubated in
Dulbecco's modified Eagle's medium (DMEM, Gibco; Thermo
Fisher Scientific, Inc.) supplemented with 10% fetal bovine
serum (FBS; Sigma-Aldrich; Merck KGaA) and 1% peni-
cillin-streptomycin (Beijing Solarbio Science & Technology
Co., Ltd.) in an atmosphere of 5% CO, at 37°C. HDFs were
washed once with PBS and then exposed to UVA irra-
diation (10 J/cm?) or UVB irradiation (30 mJ/cm?). ATRA
(product no. R2625; Sigma-Aldrich; Merck KGaA) was used
to treat fibroblasts according to a previous study (20). The
dosage of ATRA was 1 ymol/I.

Real-time RT-PCR. Total RNA was extracted from cell samples
by using TRIzol (Invitrogen; Thermo Fisher Scientific, Inc.).
RNA samples were used to synthesize cDNA through RT
using SuperScript III Reverse Transcriptase kit (Thermo Fisher
Scientific, Inc.) according to manufacturer's instructions. PCR
reaction systems were prepared using SYBR®-Green Quantitative
RTgPCR kit (Sigma-Aldrich; Merck KGaA). Primers used to
identify Hrdl were: Forward, 5~AACCCCTGGGACAACA
AGG-3" and reverse, 5S"TCTGAGCTAGGGATGCTGGT-3";
and the primers for NRF2 were: Forward, 5'-ACACGGTCC
ACAGCTCATC-3' and reverse, S-TGTCAATCAAATCCA
TGTCCTG-3'. GAPDH was used as an internal control:
Forward, 5-TGTTGCCATCAATGACCCCTT-3' and reverse,
5'-CTCCACGACGTACTCAGCG-3'. Real-time RT-PCR was
carried out using the following thermocycling conditions: 95°C
for 50 sec, followed by 40 cycles at 95°C for 12 sec and 60°C for
45 sec. All data were processed using the 2244 method (21).

Western blot analysis. Cells were washed twice in ice-cold
PBS, and then solubilized in RIPA lysis buffer (Vazyme).
Proteins extracted were quantified using a Bicinchoninic
Acid Protein Assay kit (cat. no. P0012; Beyotime Institute
of Biotechnology). Equal amounts of each protein sample
(30 ug/lane) were subjected to 10% SDS-PAGE and were
transferred to polyvinylidene fluoride membranes, which were
blocked with 5% skimmed milk at room temperature for 1 h.
Members were incubated overnight at 4°C with antibodies
targeting Hrdl (cat. no. ab170901; 1:2,000; Abcam), Nrf2
(cat.no. sc-13032; 1:2,000; Santa Cruz Biotechnology, Inc.) and
[-actin (cat.no.58169,1:1,000; Cell Signaling Technology,Inc.),
followed by incubation with a horseradish peroxidase-labeled
goat anti-rabbit secondary antibody (cat. no. ab6721; 1:3,000;
Abcam) for 1.5 h at room temperature. 3-Actin was used as a
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Figure 1. UV-induced upregulation of Hrdl expression and downregulation of Nrf2 expression in human skin. Hrd1 and Nrf2 expression in fibroblasts from
human skin were measured using (A) immunohistochemical staining of Hrdl or Nrf2 (magnification, X200 and inset x400; n=10) and (B) western blotting.
“P<0.01, compared to the sun-protected group. UV, ultraviolet; Hrd1, 3-hydroxy-3-methylglutaryl reductase degradation; Nrf2, NF-E2-related factor 2.

loading control. Protein bands were visualized by enhanced
chemiluminescence (cat. no. WBKLS0500; EMD Millipore).
ImagelJ 1.45 software (National Institutes of Health) was used
to perform densitometric analysis of each band.

Co-immunoprecipitation (Co-IP). The lysates of fibroblasts
were incubated with anti-Hrdl antibody, anti-Nrf2 antibody,
or control IgG for 1 h, followed by incubation overnight with
protein A/G agarose beads (Thermo Fisher Scientific, Inc.).
The beads were collected by centrifugation (14,000 x g at 4°C
for 1 min), washed three times with the lysis buffer and resus-
pended in 1X SDS loading buffer. The IP were eluted from
the beads by incubation at 95°C for 5 min. The eluted proteins
were separated by 10% SDS-PAGE and western blotting was
subsequently performed with the indicated antibodies.

Small interfering RNA and recombinant adenoviruses infec-
tion. Small interfering RNA specific for Hrdl (si-Hrd1-1
and si-Hrd1-2) and control siRNA (si-control) were synthe-
sized (Guangzhou RiboBio Co., Ltd.) and transfected using
Lipofectamine 2000. The sequences of si-Hrd1-1 and si-Hrd1-2
were: 5-CCAUGAGGCAGUUCAAGAAJdTAT-3' and 5'-UGU
CUGGCCUUCACCGUUU-3, respectively. Human fibroblasts
(2x10%/well) were infected with 1x10® pfu of Hrd1 recombinant
adenoviruses according to the manufacturer's instructions
(GeneChem, Shanghai, China). The expression level of Hrdl
was assessed by western blotting.

Intracellular reactive oxygen species (ROS) detection.
Intracellular ROS content were assessed by determination of 2/,
7'-dichlorofluorescin diacetate (DCFH-DA, Beyotime Institute
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of Biotechnology, Inc.), which is converted into fluorescent 2/,
7'-dichlorofluorescin (DCF) in the presence of peroxides (22).
Human fibroblasts were incubated with a 10-uM DCFH-DA
probe for 30 min and then harvested and washed with PBS.
Images were captured using a fluorescence microscope
(DP70; Olympus Corporation) and the fluorescence (emission,
525 nm; excitation, 488 nm) was assessed using a fluorescence
plate reader (BD Falcon; BD Biosciences).

WST-1 assay. Cell viability was determined using the WST-1
assay. Human fibroblasts were seeded in 48-well dishes
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Figure 2. ATRA reverses Hrdl expression increased by UV radiation in an animal model. Hrdl expression in skin fibroblasts from mice skin using (A) immu-
nohistochemical staining of Hrd1 (magnification x400; n=10) and (B) western blotting. Skin fibroblasts are indicated by red arrows. “P<0.01, compared to the
control; #P<0.01, compared to UV. ATRA, all-trans retinoic acid; Hrd1, 3-hydroxy-3-methylglutaryl reductase degradation; UV, ultraviolet.

(4x10* cells/well) in 200 ul culture medium and transfected
and treated as aforementioned for 48 h. Then, each well was
supplemented with 20 ul WST-1 (Roche Diagnostics) and incu-
bated for 3 h. The absorbance of the samples was measured
with a spectrophotometer reader.

Statistical analysis. The data in the present study were analyzed
using SPSS 19.0 (IBM Corporation) statistical software and
presented as the means + SD. The analysis to determine the
statistical differences among the groups was performed using
the Student's t-test or one-way analysis of variance (ANOVA)
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Figure 3. ATRA decreases Hrd1 expression and increases Nrf2 expression in human fibroblasts exposed to UV radiation. Human fibroblasts were exposed to
UVA and UVB, and then treated with ATRA for 24 h. (A) The mRNA level of Hrd1 was assessed using real-time RT-PCR and (B) the protein level of Hrd1l
was assessed using western blotting. (C) The mRNA level of Nrf2 was assessed using real-time RT-PCR and (D) the protein level of Nrf2 was assessed using
western blotting. (E) Fibroblasts were pretreated with MG132 (10 xM) for 6 h and the endogenous protein-protein interactions between Hrdl and Nrf2 were
assessed by IP with Hrdl antibody (upper image) or Nrf2 antibody (lower image), followed by IB with Hrdl antibody and Nrf2 antibody. IgG was used as a
negative control for IP. (F) Representative images of Hrdl interaction with Nrf2. Fibroblasts were stained with Hrd1 (green) and Nrf2 (red). Hrd1 and Nrf2
merged appeared as orange/yellow. Compared to control, “P<0.01; compared to UV; #P<0.01. ATRA, all-trans retinoic acid; Hrd1, 3-hydroxy-3-methylglutaryl
reductase degradation; Nrf2, NF-E2-related factor 2; UV, ultraviolet; IP, immunoprecipitation; IB, immunoblotting.

followed by Student-Newman-Keuls post hoc test. A P-value
<0.05 was considered to indicate a statistically significant
difference.

Results

UV induces upregulation of Hrdl expression and downregu-
lation of Nrf2 expression in human skin. The expression of

Hrdl and Nrf2 was first evaluated in human skin fibroblasts
from a sun-protected group (10 samples) and a sun-exposed
group (10 samples) with same sex and age. IHC and western
blot analysis revealed that the expression level of Hrdl was
significantly increased but the expression level of Nrf2 was
significantly decreased in fibroblasts from sun-exposed skin
compared to that in fibroblasts from sun-protected skin
(P<0.01) (Fig. 1).
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Figure 4. Downregulation of Hrdl expression increases Nrf2 expression in UV-irradiated human dermal fibroblasts. (A) Human fibroblasts were trans-

fected with si-Hrd1-1 and si-Hrd1-2 for 48 h, and then, the protein level of

Hrdl was assessed. (B) Human fibroblasts were transfected with si-Hrd1-1 and

si-Hrd1-2 for 24 h, and then, exposed to UVA and UVB. The protein level of Nrf2 was assessed. Hrd1, 3-hydroxy-3-methylglutaryl reductase degradation;

Nrf2, NF-E2-related factor 2; UV, ultraviolet.
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Figure 5. Overexpression of Hrdl abolishes the protective effect of ATRA against the UV-induced decrease of Nrf2 expression. (A) Human fibroblasts were
infected with Ad-Hrdl for 48 h, and then, the protein level of Hrdl was assessed. (B) Human fibroblasts were infected with Ad-Hrdl for 24 h. Then, cells
were exposed to UVA and UVB and treated with ATRA for another 24 h. The protein level of Nrf2 was assessed. Hrd1, 3-hydroxy-3-methylglutaryl reductase

degradation; ATRA, all-trans retinoic acid; UV, ultraviolet; Nrf2, NF-E2-rel.

ATRA reverses Hrdl expression increased by UV radiation in
an animal model. The effect of ATRA on Hrd1 expression was
also evaluated in fibroblasts from mice exposed to UV radia-
tion. IHC and western blot analysis revealed that expression
level of Hrdl was significantly increased in fibroblasts from
mice exposed to UV compared with the control group, which
could be partially reversed by ATRA (Fig. 2).

ATRA decreases Hrdl expression and increases Nrf2
expression in human fibroblasts exposed to UV radiation.
UVA and UVB increased the mRNA and protein levels of
Hrdl, which could be reversed by ATRA in human fibro-
blasts (Fig. 3A and B). Next, the mRNA and protein level of
Nrf2 was assessed. As revealed in Fig. 3C, neither UV nor

ated factor 2.

ATRA had an effect on the mRNA level of Nrf2. Notably, the
level of Nrf2 protein was significantly decreased in human
fibroblasts exposed UV radiation, which could be restored
by ATRA (Fig. 3D). To explore whether Hrd1 could interact
with Nrf2 in fibroblasts, Co-IP and immunofluorescence
analyses were used to assess the co-localization between Hrd1
and Nrf2. Co-IP analysis demonstrated that endogenously
expressed Hrdl and Nrf2 co-existed in precipitated complexes
in fibroblasts (Fig. 3E). In addition, Hrd1 co-localized with the
Nrf2 in fibroblasts as revealed in Fig. 3F.

Downregulation of Hrdl expression increases the expression
level of Nrf2 in UV-irradiated human dermal fibroblasts. To
investigate whether Hrd1 was involved in the decrease of Nrf2
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Figure 6. Overexpression of Hrdl abolishes the protective effect of ATRA against UV-induced ROS production and cytotoxicity. Human fibroblasts were
infected with ad-Hrdl1 for 24 h, and then, exposed to UVA and UVB, and treated with ATRA for 24 h. (A) Fluorescence analyses were performed using
a fluorescence microscope and quantified ROS production was detected. (B) Cell viability was assessed by WST-1 assay. Compared to control, “P<0.01;
compared to UV, #P<0.01; compared to UV+ATR A+Ad-GFP, “P<0.01. Hrd1, 3-hydroxy-3-methylglutaryl reductase degradation; ATRA, all-trans retinoic

acid; UV, ultraviolet; ROS, reactive oxygen species.

expression induced by UV, siRNA was used to knockdown
Hrdl expression in human dermal fibroblasts. As revealed
in Fig. 4A, Hrdl siRNA (si-Hrd1-1 and si-Hrd1-2) could
decrease Hrdl expression, indicating that si-Hrd1-1 and
si-Hrd1-2 were efficiently introduced into human fibroblasts
and acted to knock down Hrd1. After UV exposure, the expres-
sion of Nrf2 was significantly decreased. Silencing of Hrd1
could increase Nrf2 expression in human fibroblasts exposed
to UV radiation (Fig. 4B).

Overexpression of Hrdl abolishes the protective effect of
ATRA against the UV-induced decrease of Nrf2 expression.
To investigate that ATRA prevented the decrease of Nrf2
protein expression against UV radiation through Hrd1, human
fibroblasts were infected with Hrd1 recombinant adenoviruses
(Ad-Hrdl). As revealed in Fig. 5A, Ad-Hrdl significantly
increased Hrdl expression. ATRA treatment significantly
increased Nrf2 expression in fibroblasts exposed to UV, which
was reversed by overexpression of Hrdl (Fig. 5B).
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Overexpression of Hrdl abolishes the protective effect of
ATRA against UV-induced ROS production and cytotoxicity.
The role of Hrdl on the protective effect of ATRA against
UV-induced oxidative stress was assessed in human dermal
fibroblasts. As revealed in Fig. 6A, ATRA treatment efficiently
inhibited UV-induced ROS production, which could be abol-
ished by overexpression of Hrdl. Next, the role of Hrd1 on the
protective effect of ATRA against UV-induced cytotoxicity
was investigated. As observed in Fig. 6B, ATRA treatment
significantly increased viability of fibroblasts exposed to UV
radiation. Similarly, overexpression of Hrdl abolished the
protective effect of ATRA against UV-induced cytotoxicity.

Discussion

ATRA has been clinically used to treat several skin diseases
including UV-induced skin oxidative damage (11,12). In the
present study, it was demonstrated that Hrdl was involved
in the protective effect of ATRA against UV-induced ROS
production and cytotoxicity in skin fibroblasts. Hrd1l expres-
sion was significantly increased in UV-exposed human or mice
skin fibroblasts. Moreover, ATR A could reverse the increase of
Hrdl expression induced by UV radiation in vivo and in vitro.
In addition, ATRA or knockdown of Hrd1 could increase Nrf2
expression in fibroblasts exposed to UV radiation, and Hrd1
could directly interact with Nrf2 in skin fibroblasts. Notably,
overexpression of Hrdl abolished the protective effect of
ATRA on the UV-induced decrease of Nrf2 expression, the
production of reactive oxygen species (ROS) and the decrease
of cell viability.

Hrdl has been demonstrated to be upregulated in response
to oxidative stress (23). In the present study, it was determined
that the level of Hrdl was higher in UV-exposed human or
mice skin fibroblasts. A previous study revealed that Hrd1l
was the specific E3 ubiquitin ligase of Nrf2 for ubiquitylation
and degradation (16,24). It was revealed that Hrdl and Nrf2
were both in the cytoplasm, and interaction between Hrd1 and
Nrf2 was strong in skin fibroblasts. It was also determined that
there was an inverse correlation of HRDI1 expression and Nrf2
expression in fibroblasts treated with UV radiation. Notably,
knockdown of Hrd1 could reverse the decrease of Nrf2 expres-
sion in fibroblasts exposed to UV radiation. In the present
study, a connection among UV radiation, Hrdl increase, and
Nrf2 degradation was established. Hrd1 was responsible for
the decrease of Nrf2 under UV light irradiation.

It has been reported that Nrf2 acts as a master regulator of
the cellular antioxidant defense against cutaneous photodamage
mediated by UV radiation (8,9). However, the effect of UV
irradiation on Nrf2 expression and activity in skin fibroblasts
has remained controversial. Certain studies demonstrated
that UV irradiation led to Nrf2 activation and accumulation
in the nucleus (25,26), while others revealed that Nrf2 was
downregulated and transported from the nucleus in dermal
fibroblasts exposed to UV irradiation (27,28). The different
results may be due to the cell source, the time and the dose
of UV exposure in different laboratories. It was observed that
UV could downregulate Nrf2 expression using human-derived
fibroblasts. Given that Nrf2 could combat oxidative damage,
it was speculated that pharmacological upregulation of Nrf2
could protect skin fibroblasts against UV-induced injury.
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ATRA has been reported to protect skin fibroblasts
against UV-induced injury during which oxidative stress
plays an important pathological role (29,30). The role of
ROS and antioxidant signaling was therefore examined in
the ATRA-mediated protective effect. It was demonstrated
that ATRA could abolish the decrease of Nrf2 expression in
fibroblasts exposed to UV radiation. Although ATRA at high
concentrations (=30 pmol/l) can induce cytotoxicity and acti-
vate Nrf2 (13), low concentrations of ATRA alone (1 gmol/l)
had no effect on Nrf2 expression (Fig. 3D) and cell viability
(data not shown) in the present study. Thus, ATRA treatment
only resulted in the decrease of ROS production induced by
UV. These results led us to ask the question of how ATRA
eliminated UV-induced ROS generation. The present study,
for the first time, revealed that the ubiquitin E3 ligate Hrd1
was involved in the protective effect of ATRA on UV-induced
oxidative damage in skin fibroblasts.

In conclusion, our observations revealed that ATRA
decreased Hrdl expression in skin fibroblasts exposed to UV
irradiation, leading to upregulation of Nrf2 expression and
ultimately to the reduction of ROS production and cytotoxicity.
The present study shed light on the molecular mechanisms
responsible for the protective effect of ATRA on skin fibro-
blasts against UV-induced oxidative damage.
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