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Background: Nude mouse has been widely used to study photoaging induced by long-term chronic UV exposure. Circular
RNAs (circRNAs) have been previously identified in several diseases. However, the roles of circRNAs in photoaging and
potential regulatory mechanisms remain unclear.

Objectives: To identify specific circRNAs differentially expressed in photoaged skin and investigate their potential role
in aging.

Materials and Methods: In this study, we screened out the microarray data to profile the expression of circRNAs. The
circRNAs were analyzed by Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) biological
pathway.

Results: 36 circRNAs were identified to be differentially expressed between the UV group and control group (fold change
> 1.5; P < 0.05), including 6 upregulated and 30 downregulated circRNAs. GO and KEGG biological pathway analyses
indicated that the changes in circRNAs were associated with cancer, inflammation, oxidative stress, and metabolism.
Conclusions: This present study revealed a circRNAs expression profiling in vivo. These findings not only provide a new

possibility to prevent the occurrence of photoaging but also have therapeutic values for photoaging and associated skin

diseases.
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1. Background

Circular RNAs (circRNAs) are a novel class of non-
coding RNA molecules that exhibit a covalently closed
cyclic structure, distinct from the linear structure of
conventional RNA molecules (1). Over the past decade,
circRNA has garnered substantial attention as a potential
regulator of gene expression and a mediator of various
biological processes (2). CircRNAs have been implicated
in multiple diseases, including cardiovascular disease
(3), Alzheimer’s disease (4), and cancers (5, 6), thereby
highlighting their potential as diagnostic and therapeutic

targets. Moreover, several studies have indicated that
circRNA may play a role in cellular aging (7-9), further
adding to the significance of this molecule in the field of
molecular biology.

Ultraviolet radiation (UVR) is a form of electromagnetic
radiation that is present in both natural (e.g., sun) and
artificial (e.g., tanning beds) sources. The UVR can be
separated into 3 subtypes: UVA (320-400 nm), UVB
(280-320 nm), and UVC (100-280 nm)(10). UVC has the
shortest wavelength and is mainly depleted by the ozone
layer, so UVA and UVB are significant contributing
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factors to photoaging (11). Photoaging, a result of
chronic exposure to UVR from the sun, represents a
primary form of aging that profoundly impacts human
health and well-being. This process is distinguished by
several morphological changes in the skin, including
wrinkles, rough texture, and hyperpigmentation, which
are frequently associated with reductions in denatured
collagen and accumulated elastic fibers (11-14).
Despite there having been advances in recent years,
the molecular mechanisms underlying photoaging still
need to be fully understood.

The photoaging nude mouse model is widely used
to investigate the physiological and pathological
changes induced by ultraviolet. (15-18) Some studies
have attempted to explore the molecular changes in
ultraviolet-induced in vitro models. (19-22) However,
due to the vivo experimental limitations, the findings in
cellular research are usually difficult to reproduce. (23-
25) To better comprehend the molecular mechanisms
in photoaging, it is valuable to eliminate unnecessary
variables and explore the role of circRNA in vivo.

2. Objectives

The objective of this research is to investigate and
evaluate the differential expression of circular RNA
(circRNA) molecules in photoaged skin tissue in
comparison to healthy control skin samples. With
microarray analysis, this research provides a valuable
overview of the circRNA landscape in photoaged
skin. These differentially expressed circRNAs will be
subjected to further functional analysis using Gene
Ontology (GO) and Kyoto Encyclopedia of Genes and
Genomes (KEGQG) pathway enrichment analysis. And
the biological process (BP), cellular components (CC),
and molecular function (MF) of the pathways will allow
us to identify those circRNAs and gain insights into
the physiological mechanisms underlying photoaging,
which could identify possible targets for future
therapeutic interventions.

3. Materials and Methods

3.1. Photoaging Model

All experiments were approved by the Medical Ethics
Committee of the Third Affiliated Hospital of Sun
Yat—sen University (Guangzhou, China). Six 6-week-
old female BALB/c nude mice were randomly divided
into two groups (n=3 per group) as follows: the UV group
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(UVA and UVB exposure group) and the control group
(naturally aging group). The lab room temperature was
27+ 1 °C, and the relative humidity was 55 + 10%. UVA
and UVB irradiation occurred in an irradiation device
with UVA and UVB tubes (UVP Crosslinker CL-1000,
Analytikjena, USA.). The irradiation doses were 10 J/
cm? and 160 mJ/cm? for UVA+UVB, respectively. The
distance between BALB/c nude mice and tubes was
10 cm. The frequency of UV exposure was five times
a week, and the UVB doses started with 1 minimal
erythemal dose (MED; 1 MED = 160 mJ/cm?) and
increased to 4 MED for 8 weeks. (18, 26)

3.2. Histopathological Analysis

After successful modeling, the nude mice were
euthanized with CO, for 24 hours. Mice dorsal
skins were fixed in 4% formaldehyde. We evaluated
epidermal thickness and collagen fibers in hematoxylin
and eosin (H&E) and Masson’s trichrome (MT) by
capturing images of the tissues with a light microscope
(Leica DM-1000, Germany). We randomly selected
three locations from each section to measure, and the
data was recorded and calculated via Image-Pro Plus
version 6.0 (Media Cybernetics, USA).

3.3. ROS and SOD

Skin ROS and SOD levels (10) were detected using an
ELISA kit (Meimian, Jiangsu, China) assays with the
manufacturer’s recommended protocol.

3.4. Western Blot

The expression of MMP-1 and Collagen1 A1 (COL1A1)
was verified by Western blot (Gupta ef al., 2014b).
The skin tissues were grounded, then the supernatant
was carefully absorbed after centrifugation at 4 °C at
4360.2xg for 30 min. The concentration of protein was
evaluated by a BCA kit (Thermo Fisher Scientific, USA).
50uL of protein was separated in 10% SDS-PAGE gel
and transferred onto a PVDF membrane. After transfer,
the membranes were blocked with 5% skimmed milk
powder-TBST. Anti-MMP1 (Proteintech, 10371-2-AP,
1:1000 dilution), Anti-Collagen 1 (Affinity, AF7001,
1:1000 dilution), and GAPDH (Abcam, ab9485, 1:2500
dilution) as an internal control protein, followed by the
secondary antibody was applied to the membrane for 1.5
h at 20 °C. ECL detection was used to expose the protein,
and the images were taken ata WSE-6100 LuminoGraph
(ATTO, Tokyo, Japan). The amount of target protein
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was calculated by gray scanning with Imagel version
1.50 (National Institutes of Health, USA).

3.5. RNA Extraction and Sample Amplification, Labeling,
and Hybridization

The total RNA from skin tissues was extracted using
TRIzol® reagent (Invitrogen; Thermo Fisher Scientific,
USA) based on the instructions. Detecting the purity of
RNA reading the OD by A260/A280 values between
1.8 and 2.0 obtained using a spectrophotometer were
considered sufficient (NanoDrop Nd-1000, Thermo
Fisher Scientific, USA). After extraction, the RNA was
treated to remove linear RNAs and enrich circRNAs,
which were transcribed into fluorescently labeled
circRNA using the Arraystar Super RNA Labeling
Scheme (Arraystar, Inc. USA). The labeled cRNA
was hybridized with Arraystar Mouse circRNA Arrays
V2.0 (8X15K; Arraystar, Inc.USA) and incubated in an
Agilent hybridization oven (Agilent Technologies, Inc.
USA) at 65 °C for 17 hours. The hybridized array was
managed using an Agilent Scanner G2505C (Agilent
Technologies, Inc.USA). The original microarray data
were analyzed using Agilent Feature Extraction software
version (11.0.1.1; AgilentTechnologies, Inc.)The R
software limma (https://bioconductor.org/packages/
release/bioc/html/limma.html ) was used to set up a
range of data analyzing steps, including standardization
through high-quality screening. Subsequently, a
standard t-test was used to test for differences in these
groups. In this study, we selected data with thresholds
of >1.5-fold and <-1.5-fold change. A P-value < 0.05
was considered indicative of a statistically significant
difference between the 2 groups.

3.6. Bioinformatics Analysis

Gene ontology (GO) was used to performed to indicate
the biological process (BP), cellular component (CC),
and molecular functions (MF) of all screened-out
expressed circRNAs (P< 0.05). Furthermore, the Kyoto
Encyclopedia of Genes and Genomes (KEGG) was to
reveal the functional categories analysis that determined
the involvement of target genes in different biological
pathways. Shanghai Kangcheng Biotechnology Co.,
Ltd completed all the data analysis.

3.7. qRT-PCR

Quantitative reverse transcription polymerase chain
reaction(qQRT-PCR) was performed from 2 ug total RNA
to complementary (c) DNA using the BestarTM qPCR
RT kit (2220) (DBI, Inc.Ger.). cDNA amplified supported
by directions of the BestarTM qPCR MasterMix (2043)
(DBI, Inc.Ger). The experimental instruction was as
follows: 95 °C for 2 min, and then 40 cycles at 94 °C for
20 s, 58 °C for the 20s, and 72 °C for 20s. Mouse B-actin
was used as a normalization control. GraphPad Prism
version 8.00(GraphPad Software Inc. USA) recorded and
analyzed the data using a comparative threshold cycle (2
A method. Sequence pairs are listed in Table 1.

3.8. Statistical Analysis

Data analysis was performed using SPSS 25.0 (IBM
Corp.USA). All data were presented with the mean +
standard error of the mean. The F-test was used to test
the homogeneity of variance. The independent samples
student’s t-test was used to compare the means between
the UV and control groups. P<0.05 was considered to
indicate a significant difference.

Table 1. Primer sequences of circRNAs

ID Sequence (5°- 3°) Product Length(bp)
B-Actin-F GGGTTGGAAGACCGAGGTTTA 116
B-Actin-R GCCAGGGTGACAATAATGGACA
Circ_001194-F CACGACGAGACACTTACTTACT 153
Circ_001194-R AGACTGGAATCTTCTTGCTTGA
Circ_018777-F TGCTGGCCCTATTGGTCCCC 121
Circ_018777-R CCTTGGCCCATCCTTTCCTGG
Circ_33863-F TGCCAATCACGAAGCTGCCA 147
Circ_33863-R CAGAGCACAGACGTGCAGGC
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4. Results

4.1. Confirmation of Establishment of UVA+UVB Irra-
diated Nude Mouse Model of Aging.

4.1.1. Histological Analysis

The histological evaluation was performed to evaluate
the effects of UVA+UVB exposure on the skin.
Figure 1 shows a statistically significant increase
in epidermal thickness for the UV group (P<0.001).
Further analysis using Masson staining revealed
alterations in the dermal collagen fibers of the UV
group compared to the control group. Specifically,
collagen fibers were observed to be curled, twisted,
broken, and disorganized.
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4.1.2. Detection of Photoaging-Associated Protein and
Oxidative Stress-Associated Molecule Expression.
Additionally, Figure 2 shows that UVA+UVB expo-
sure was found to directly induce the expression of
matrix metalloproteinase 1 (MMP-1) (P<0.001) and
a corresponding reduction of collagen 1 (P<0.05).
The expression of reactive oxygen species (ROS) and
superoxide dismutase (SOD) in the skin of mice in
the UV group was observed to be significantly higher
compared to the control group (P<0.001).

4.2. CircRNA Expression Profiles in UVA+UVB Irra-
diated Nude Mouse Model

The analysis of the circRNA expression profiles did
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Figure 1. Histological changes between the two groups. A) The view of the dorsal skin of two groups. B-C)
The HE revealed that the epidermal thickness was significantly increased in the UV group (***P< 0.001). D)
Masson staining revealed the dermis layer fibers were not well proportioned in the UV group. (400x). HE,
Hematoxylin-Eosin; Masson, Masson staining; Control, control group; UV, UVA+UVB group.
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Figure 2. Photoaging model. A-B) Western blot analysis shows that the UV group increased the expression
of the collagenases MMP-1 and the degradation of COL1A1(*P< 0.05; ***P< 0.001). C) UV triggered the
expression of ROS; UV irradiation increased the activity of total SOD in skin tissue. (***p < 0.001).

not reveal any disparities between the group exposed
to UVA+UVB radiation and the control group that was
not subjected to irradiation (Fig. 3A). The identification
of screened-out circRNAs between the two groups
was performed using Fold Change filtering (Fig. 3B),
Volcano Plot (Fig. 3C), and Hierarchical clustering
used to demonstrate the dissimilarity between the UV
and the control groups (Fig. 3D). The study identified
36 differentially expressed circRNAs (FC>1.5; P-
value<0.05), consisting of 30 downregulated and 6
upregulated circRNAs (Table 2).

4.3. GO and KEGG Enrichments of the Pathways

The results of the bioinformatics analysis revealed
the most highly enriched gene functions in the
biological process (BP) category to be the cellular
process (GO:009987) and cellular metabolic process
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(GO:0044237). (Fig. 4A) The cellular component (CC)
category gene functions were found to encompass
cellular and anatomical entities and intracellular
molecular functions (Fig. 4B). The molecular function
(MF) category gene functions were identified as
binding (GO:0005488), protein binding (GO:00055),
and molecular function regulation (GO:0098722).
(Fig. 4C) The differential expression of circRNAs
was primarily associated with pathways related to
photoaging, including pathways in cancers, axon
guidance, and the MAPK pathway, as well as other
pathways such as those involved in the PI3K-Akt
pathway, and colorectal cancer. As depicted in Figure
4D, the ‘MAPK pathway, PI3K-Akt pathway, and
TGF-beta pathway had been observed to be associated
with photoaging (11, 13, 14).
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Figure 3. Differentially expressed circRNAs in the UV group and control group. A) The box plot shows
the variations in circRNA expression. B) The scatter plot and the volcano plot. C) Illustrate the distributions
of the data in the circRNA profiles (FC>1.5; P<0.05). D) The result from hierarchical clustering shows a
distinguishable circRNA expression profiling among samples. The heat map shows the differentially expressed
circRNAs in samples. Each group consists of three samples. T, UVA+UVB treated group; N, Control group;

circRNA, circular RNA; FC, fold change.
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Figure 4. GO and KEGG pathway analysis. GO terms in the categories. A) biological process (BP), B)
cellular component (CC), and C) molecular function (MF). D) Top 10 classes of KEGG pathway enrichment
terms. GO, Gene Ontology; KEGG, Kyoto Encyclopedia of Genes and Genomes.

4.4. Verification CircRNAs

To corroborate the results of the microarray analysis,
gRT-PCR analysis was performed on three randomly
selected, significantly differentially expressed circRNAs

Iran. J. Biotechnol. October 2023;21(4): e3445

(circ_001194, circ_ 018777, and circ_33863). The
consequence of it was in accord with the microarray
results for circ_001194 and circ_018777. No significant
differences were detected for circ_33863 (Fig. 5).
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Table 2. CircRNAs are differentially expressed following UVA and UVB treatment.

A. Upregulated circRNAs

circRNA FC(abs) P-value regulation Gene symbol
mmu_circRNA_30030 1.5715 0.0198 up Paxbp1
mmu_circRNA 26119 1.6550 0.0385 up Vps4l
mmu_circRNA_26545 1.5058 0.0003 up Exoc3
mmu_circRNA 23304 1.5583 0.0452 up Phykpl
mmu_circRNA 29190 1.5127 0.0135 up Usp7
mmu_circRNA_45378 1.7046 0.0184 up AK170409
B. Downregulated circRNAs
circRNA FC(abs) P-value regulation Gene symbol
mmu_circRNA 29333 1.5081 0.0003 down Fgd4
mmu_circRNA_001194 1.5644 0.0252 down Ubpl
mmu_circRNA 33863 1.5436 0.0155 down
mmu_circRNA_36156 1.6808 0.0117 down Tbck
mmu_circRNA 015174 1.5625 0.0489 down Rps13
mmu_circRNA_ 010498 1.5494 0.0405 down Dstn
mmu_circRNA_018777 1.7044 0.0157 down Col3al
mmu_circRNA_ 45733 1.6315 0.0333 down Diap2
mmu_circRNA_27262 1.8881 0.0102 down Arfa
mmu_circRNA 23205 1.5196 0.0047 down Slit3
mmu_circRNA_43470 1.6963 0.0100 down Ddx19a
mmu_circRNA_012287 1.5580 0.0351 down Colla2
mmu_circRNA 24361 1.6161 0.0000 down Prkca
mmu_circRNA_32770 1.7002 0.0015 down Shoc2
mmu_circRNA 21460 1.8068 0.0056 down Nvl
mmu_circRNA_22526 1.6198 0.0122 down AK043505
mmu_circRNA 26520 1.5497 0.0064 down Zp65
mmu_circRNA 33523 1.5323 0.0066 down Epc2
mmu_circRNA_44911 1.5446 0.0206 down Armc8
mmu_circRNA 25941 1.6128 0.0173 down Gdi2
mmu_circRNA 41162 1.6833 0.0150 down Mboat7
mmu_circRNA 37318 1.7162 0.0138 down Ppap2b
mmu_circRNA 23208 1.5559 0.0023 down Pank3
mmu_circRNA_30033 1.7745 0.0259 down Tmem50b
mmu_circRNA 34126 1.5283 0.0131 down Caprinl
mmu_circRNA_ 45484 1.5029 0.0067 down Atpllc
mmu_circRNA_25733 1.8888 0.0048 down
mmu_circRNA 39951 1.8434 0.0359 down Calu
mmu_circRNA 22929 1.8726 0.0184 down Rabl
mmu_circRNA 29112 1.5218 0.0121 down Pcbp2
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Figure 5. Validation of circRNAs by qRT-PCR. qRT-PCR was performed to validate the expression
of circ_001194, circ_ 018777, and circ_33863 in six skin samples that were continent with the data of

microarray chip (* P<0.05, *** P<0.001).

5. Discussion

Photoaging, a form of skin aging caused by prolonged
exposure to UVR, is a growing concern as UV exposure
increases. (12) Due to the complexity of photoaging
mechanisms, most studies currently focus on the effect
of single-wavelength ultraviolet in vitro, such as the
exposure to UVA radiation has been demonstrated to
result in a substantial enhancement in the discharge of
ferrous iron from ferritin in human skin fibroblasts and
endothelial cells (27). The administration of resveratrol-
enriched rice has been demonstrated to mitigate the
adverse effects of UVB-induced oxidative stress on
the skin, via the suppression of pro-inflammatory
signaling pathways (28). All of the above are not
easily replicated in vivo. The utilization of photoaging
models in vivo environment has been shown to provide
a more comprehensive understanding of the biological
processes associated with skin aging compared to in
vitro models. In our research, the photoaging mouse
model induced by UVA + UVB is a better choice to
reproduce the results of photoaging in vivo research.
Identifying new markers for photoaging will contribute
to developing more effective and targeted preventive
strategies, ultimately leading to better outcomes for
individuals affected by photoaging and light-related
diseases.

In past decades, several microRNA-based and IncRNA-
based therapeutic interventions have progressed to
clinical trials for the treatment ofadvanced malignancies.
These interventions include TargomiR, a microRNA-16
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mimic that was used to treat mesothelioma (29);
Miravirsen, an anti-microRNA-122 that was used to
treat chronic hepatitis C virus infection (30).

Compared with other non-coding RNAs, circRNAs
have garnered significant attention recently as a
potential treatment for various diseases due to their
inherent stability, high abundance, and tissue specificity
properties (31, 32). Moreover, alterations in circRNAs
expression levels have been linked to several patho-
logical conditions, including cancer, neurodegenerative
disorders, and cardiovascular diseases, offering further
support for their potential utility as disease biomarkers.
(33, 34) Even though circular RNA expression profiles
of UVA or UVB have been reported, they both proved
the necessity of non-coding RNAs in vivo (35, 36).

In this regard, we extracted and screened out 36 diffe-
rentially expressed circRNAs from the control and UV
groups. Out of these, we found 6 upregulated and 30
downregulated circRNAs.

Chen et al have revealed that circ 018777 was one
of four significantly upregulated circRNAs in acute
myocardial infarction (AMI) (37), whose corresponding
gene symbol was col3al. COL3A1 is a gene that
encodes type III collagen, which is a major component
of the extracellular matrix in the skin. Our previous
research revealed that the expression levels of COL3A1
are altered in photoaged skin, and its dysfunction has
been reported in the development of skin aging (38).
Further research on the relationship between COL3A1
and photoaging would push forward the identification
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of new targets for deploying preventive strategies and
therapies for skin aging. Identifying these circRNAs
further supports the correlation between photoaging
and the MAPK pathway (12). These crucial pathways,
including ERK, JNK/SAPK, and p38 MAPK, were
observed to be associated with photoaging through the
regulation of the cell cycle and the synthesis of collagen
III (11). Over the past decade, extensive research has
established the vital role of circRNAs in regulating
various fundamental cellular processes, from protein
synthesis to autophagy, and altered circRNAs play a
role in the progression of cancer and aging (5).

The principal constraint of this study is the absence of
clinical samples set for comparative purposes. Despite
these limitations, the data generated from the present
investigation furnishes substantial evidence in support
of the phenomena of photoaging and light-related
pathologies. Furthermore, the prospective circRNAs
identified in this study will provide a basis for future
extensive studies in this domain.
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