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Background: Ultraviolet (UV) is a common stressor of skin and repeated UVA radiation contributes to photoaging. (–)- 
Epigallocatechin-3-Gallate (EGCG), as the major polyphenol that is found in green tea, and catechins and have shown considerable 
antioxidant capacity.
Purpose: Our study aims to explore the effects of EGCG on UVA-induced skin photoaging process and associated mechanisms.
Methods: In this study, human skin fibroblasts (HSFs) were treated with UVA and EGCG, and subsequent changes in cell 
morphology, telomeres, antioxidant capacity, cell cycle, and related genes were evaluated to examine the role and mechanisms of 
EGCG in delaying skin photoaging.
Results: HSF exposed to UVA underwent an increase in aging-related biomarkers and telomere shortening. Also, UVA radiation 
inhibited the secretion of transforming growth factor-beta1 (TGF-β1), induced cell cycle arrest, down-regulated antioxidant enzymes, 
and promoted the accumulation of oxidative product malondialdehyde (MDA) to cause further damage to cells. Increased expression 
of matrix metalloproteinases (MMPs), tissue inhibitor of metalloproteinase-1 (TIMP-1), p66 at mRNA levels were also observed after 
UVA irradiation. EGCG treatment effectively inhibited above damage processes caused by UVA radiation in HSF.
Conclusion: Our study indicated that the potential mechanism of EGCG retarding photoaging is closely related to its powerful 
antioxidant effects and the ability to regulate the expression of related genes, and the usage of EGCG will be a potential strategy in 
preventing skin photoaging induced by UVA radiation.
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Introduction
Long-term repeated exposure to ultraviolet (UV) is the most important factor that causes skin senescence and this 
phenomenon is called photoaging. UV, with a wavelength of 10nm to 400nm, is invisible light outside the purple light in 
the spectrum and is divided into UVA, UVB, and UVC. UVC (200 ~ 280nm, short wave) has the weakest penetration, 
which can almost be completely absorbed by the ozone layer, which effects on skin can be ignored. The largest amount 
of UVB (280 ~ 320nm, mediumwave) penetrates into the epidermis and cannot enter the deep part of the skin. The 
penetration of UVA (320–400nm, long-wave) far exceeds that of UVB, reaching the basal and dermal layers of the skin 
and causing chronic damage to collagen, elastic fibers, and proteoglycans.1–3 Frequent exposure to UVA causes skin 
inflammation, erythema, wrinkles, and cancelation. Photoaging is manifested by changes in tissue structure of the skin, 
but the most characteristic variation is in dermal, resulting from the degeneration, degradation, and abnormal aggregation 
of elastic fibers and collagen fibers, as well as cleavage and increased water solubility of amino polysaccharides, leading 
to the appearance of sagging and deep wrinkles.4 All these components are synthesized by fibroblasts, so human skin 
fibroblasts (HSFs) are important targets for researching the underlying mechanisms and treatments of photoaging.
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Previous studies have mainly focused on the skin damage caused by UVB because of the less carcinogenicity of UVA 
than UVB. However, the content of UVA in solar UV exposure is over 95% and is significantly higher than that of UVB. 
In addition, UVA has the ability to go deeper into the skin and reach the dermis, making the role of UVA in photoaging 
gradually emphasized.5,6 The mechanism by which UVA induces structural and functional changes in aging fibroblasts 
needs further exploration.

Catechin, a group of flavanol compounds found which are isolated from tea, has excellent antioxidant capacity. (–)- 
Epigallocatechin-3-Gallate (EGCG) accounts for about 50–60% of total catechin content and is where the greenest tea 
health benefits come from.7 A large number of studies have confirmed the effects of EGCG in resisting oxidation and 
cancer, preventing cardiovascular diseases and other diseases.8 Sevin et al reported that topical treatment of EGCG could 
reduce sunburn cell formation and dermo-epidermal harmful effects in rats, thus inhibit acute photodamage.9 It has been 
reported EGCG could inhibit IL-6 and TNF-α in eternal keratinocytes and reduced the UVB-induced skin photodamage 
and tumor formation progress.10 It has also been confirmed that EGCG could regulate UVB-induced signal transduction 
cascades in fibroblasts to hammer skin damage.11 Although there have been studies, which confirmed the protective 
effects of EGCG on skin, the effects of EGCG aging process of fibroblasts induced by UVA and relevant mechanisms 
remain to be fully understood.

Thus, we considered that EGCG could relieve UVA-induced photoaging in HSF. To substantiate our theory, a model 
of photoaging fibroblast was established to detect the role of EGCG at the cellular level. We attempted to analyze the 
underlying mechanisms of its photo-protection effects and provide new treatments for skin rejuvenation.

Materials and Methods
Main Reagents
We followed the materials and methods as we reported before.12 The CCC-ESF-1 human embryonic skin fibroblast cell 
line was obtained from the Union Medical University Cell Center. The SUV-100 solar simulator and radiant emittance 
monitor and EGCG (purity>95%) were obtained from Sigma Co. (Shanghai, China). A CCK-8 assay kit was purchased 
from Beyotime Institute of Biotech, China. The SOD, GSH-px, CAT, and MDA assay kit was from Nanjing Jiancheng 
Bioengineering Institute (Nanjing, China). A reverse transcription kit and real-time quantitative PCR kit were purchased 
from TaKaRa Co. (Dalian, China). The cytochemical staining kit of SA-β-gal was obtained from Mirus Bio Co. (USA) 
and the ELISA kit for detection of extracellular Human TGF-β 1 was from R&D Co. (USA). ABI 7700 Real Time PCR 
System was from an Applied Biotechnology Company (USA).

Cell Culture, EGCG Treatment, and UVA Irradiation
HSF (Union Medical University Cell Center) was cultured in Dulbecco’s modified eagle’s medium (DMEM, Gibco/BRL, 
USA) supplemented with 10% heat-inactivated fetal bovine serum (FBS, Invitrogen, UK), penicillin (100 U/mL), and 
streptomycin (100 mg/l) at 37°C in 5% CO2. EGCG (Sigma Co, Shanghai, China) was dissolved in the culture medium. 
After 24 h of EGCG treatment, cells were subcultured at half confluence (1×104cells/cm2) and washed with phosphate- 
buffered saline (PBS) and exposed to UVA radiation. After irradiation, cultures were given fresh medium.

Cell Viability Assay
The proliferation of HSF was evaluated according to the manufacturer’s instructions. Briefly, cells were plated into a 96- 
well plate. After overnight incubation, the medium was cultured with EGCG for another 24 h, 48 h, and 72 h. After that, 
cells were incubated in the dark with CCK-8 (Beyotime Institute Biotech, China) solution for 2 h. The absorbance was 
measured at 450 nm with a Varioskan Flash Spectral Scanning Multimode Reader (Thermo Electron Corporation, USA).

Senescence-Associated ß-Galactosidase (SA-ß-Gal) Staining
Cells were fixed in 4% paraformaldehyde for 10 min and stained with X-gal solution for 24 h at 37°C. The population of 
SA-b-gal-positive (Mirus Bio Co, USA) cells was determined by counting 400 cells per dish, and images were taken with 
a phase-contrast microscope (Olympus, Japan).
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Real-Time PCR for Telomere Length
The telomere length of fibroblasts was measured by the quantitative PCR (qPCR) technique. Genomic DNA was isolated 
using a genomic DNA extraction kit according to the protocol provided. The telomere-specific primer pair sequences 
were as follows (5’ to 3’):

for 5’-CGGTTTGTTTGGGTTTGGGTTTGGGTTTGGGTTTGGGTT-3’,
rev 5’-GGCTTGCCTTACCCTTACCCTTACCCTTACCCTTACCCT-3’.
36B4 was used as the single-copy gene primers:
for 5’-CAGCAAGTGGGAAGGTGTAATCC-3’,
rev 5’-CCCATTCTATCATCAACGGGTACAA-3’.
The primers were synthesized by Shanghai Subway Gene Technology Co., LTD. The 20μL PCR reaction system was 

used, including SYBR Premix EX Taq 10μL, ROX Reference dye 0.4μL, each primer 0.4μL, DNA template 1μL, add 
DNAase-free water to 20μL, cycling for 94°C for 10 min, 5s at 95°C and 31s at 52°C for 40 cycles for telomere, or 5 s at 
95°C and 31s at 54°C for 40 cycles for 36B4. The PCR data were analyzed with ABI’s SDS v.1.7 software as the Ct ie 
this process was done for both telomere (T) and single-copy (S) gene reactions, and telomere length was expressed as 
a ratio of the two, T/S ratio = 2−[Ct(telo)-Ct(36B4)] = 2−ΔCt. To determine the relative telomere length, we used the ΔCt value 
of UVA group as the control. The relative T/S ratio is 2−ΔΔ Ct.

TRAP-ELISA for Telomerase
Briefly, 2×105 cells per single reaction were centrifuged at 4°C for 5 min. Telomeric Repeat Amplification Protocol 
(TRAP) reactions were carried out according to the instructions. The absorbance was then measured at a wavelength of 
450 nm in 30 min, A =A450nm-A690nm. Samples are to be considered to be positive if the difference of absorbance is 
higher than the 2-fold background activity.

Determination of Cell Cycle, TGF-β 1, SOD, GSH-Px, CAT, and MDA
TGF-β1 were measured with ELISA kits (R&D Co, USA) according to the manufacturer’s instructions. Absorbance was 
measured at 450 nm. SOD, GSH-Px, CAT, and MDA Activity Kits (Nanjing Jiancheng Bioengineering Institute, Nanjing, 
China) were assayed according to the instructions.

Cell Cycle Analysis
Cells were treated with cell cycle assays (Beyotime Institute Biotech, China) for 24, 48, and 72 h after UVA. Cells were 
collected and fixed with 70% cold ethanol and stored at 4°C for 24 h, and then staining with RNase at 37°C in the dark for 1 h. 
Cell cycle was analyzed by flow cytometry (BD FACSCalibur, USA).

Quantitative Real-Time PCR
Cellular RNA was extracted using Trizol. RNA was then used for cDNA synthesis. The reaction mixture was prepared 
using a SYBR Green Master Mix, and the PCR conditions were as follows: 10 min at 95°C; 45 cycles for 15s at 94°C, 
20s at 59°C, and 30s at 72°C.

Sequences of primers:
hTERT for 5’-AAATGCGGCCCCTGTTTCT-3’
hTERT rev 5’-CAGTGCGTCTTGAGGAGCA-3’.
MMP-1 for 5’-CTGCTTACGAATTTGCCGAC-3’
MMP-1 rev 5’-GCAGCATC-GATATGCTTCAC-3’.
MMP-3 for 5’-CTGGACTCCGACACTCTGGA-3’
MMP-3 rev 5’-CAGGAAAGGTTCTGAAGTGACC-3’.
MMP-10 for 5’-TGCTCTGCCTATCCTCTGAGT-3’,
MMP-10 rev 5’-TCACATCCTTTTCGAGGTTGTAG-3’.
TIMP-1 for 5’-GATGGACTCTTGCACATCACT-3’
TIMP-1 rev 5’-TGGATAAACAGGGAAACACTG-3’.
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p66Shc for 5’-ACTACCCTGTGTTCCTTCTTTC-3’
p66Shc rev 5’-GCAGCATCGATATGCTTCAC-3’.

Statistical Analysis
SPSS 18.0 (SPSS, Inc., Chicago, IL, USA) was used for statistical analysis. Data are presented as mean ± standard 
deviation. The data were analyzed with ANOVA followed by an LSD test for individual comparisons between group 
means. Statistical analysis of P < 0.05 was considered significant.

Results
Effects of EGCG and UVA Irradiation on Fibroblasts Viability
We assessed its cytotoxic effect at increasing concentrations ranging from 0 to 40μg/mL to determine the appropriate 
EGCG concentration. No inhibitory effect of EGCG on HSF cell viability was observed, and the proliferation activity of 
HSF cultured with EGCG was the highest at the concentration of 25μg/mL (Figure 1A). Therefore, we selected 25μg/mL 
for a period of 24 h treatment for further mechanism studies. HSFs were treated with 10, 20 and 30J/cm2 UVA for 2 
weeks. It can be observed that cell proliferation activity in the UVA irradiation group had a significant reduction 
compared with the control group, fell by 17%, 42% and 51%, respectively, and the proliferation activity decreased with 
the increase in UVA irradiation dose (Figure 1B). 20J/cm2 and 30Jcm2 UVA irradiation had a strong cytotoxic effect on 
cells. HSF irradiated with 10J/cm2 UVA showed the least toxic reaction with the proliferation activity decreased. 
Therefore, we determined that 10J/cm2 is the most appropriate sub-cytotoxic UVA irradiation dose for a follow-up study.

EGCG Reversed SA-β-Gal Activity Induced by UVA
Our results further showed that EGCG could reduce proportion of aging cells (Figure 2A). As expected, UVA irradiation 
strongly induced an increase of positively stained HSF (23.07%) and treated with EGCG significantly suppressed the 

Figure 1 EGCG shows little inhibitory effect on fibroblasts cell viability, while UVA irradiation induces a decrease of cell viability in a dose-dependent manner. (A) 
Fibroblasts were incubated for 24, 48, and 72h with different EGCG concentrations (0–40μg/mL), and their proliferative activity was evaluated with CCK8 assay. (B) The 
CCK-8 assay was used to analyze the proliferative activity of cells exposed to UVA (0–30J) for 2 weeks. The results are expressed as the OD value ± SD (*p<0.05).
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UVA-induced expression of SA-β-gal to 12.75%, demonstrating that EGCG could slow down the process of photoaging 
to some extent (Figure 2B).

EGCG Protects Telomeres from UVA Damage
Previous researches showed that cell senescence is closely related to telomere shortening because telomere replication is 
incomplete and would lose some fragments as cells divide. Ageing human cells will stop dividing when the telomere 
length is shortened to some extent. Our study indicated that the telomeres of the EGCG group were not significantly 
prolonged and telomeres of the HSF irradiated with UVA were shortened. The relative telomere length of normal HSF 
was about 3.16±0.31, significantly longer than that in the UVA irradiation group. The telomere length treated with EGCG 
was 3.40±0.42, which showed no further lengthening tendency compared to the control cells. Besides, it can be observed 
that the telomere length in EGCG and UVA group is 2.25 ± 0.24, which was increased in comparison to the UVA 
radiation group (Figure 3A). We also inspect the expression of the telomerase catalyzed subunit gene called human 
telomerase reverse transcriptase (hTERT) and the tartrate-resistant acid phosphatase (TRAP)-ELISA telomerase detection 
kit was applied to analyze the relative telomerase activity (RTA), both of which would reflect telomerase activity in HSF. 
UVA irradiation significantly decreased the expression of hTERT (Figure 3B). EGCG could not significantly regulate the 
expression of hTERT. Meanwhile, it could be observed that EGCG could significantly protect cells from telomerase 
activity (Figure 3C).

EGCG Counteracted UVA-Induced Cell Cycle Arrest
UV irradiation could induce G1 phase arrest, leading to senescence. Cell populations in the G1 phase increased to 
81.04% from 59.94% in the control group. The proportion of G1 phase cells increased slowly after different doses of 
UVA, rising to 89.09% after 72 h of irradiation. However, the ratio of G1 phase HSF with EGCG was 77.71% 24 h after 
radiation, suggesting that EGCG had a certain effect on the UVA-induced cell cycle block (Figure 4A and B).

Figure 2 The senescence β-Galactosidase staining assay was performed to detect senescence induced by UVA irradiation in fibroblasts protective effect of EGCG on it. 
(Original magnification 100 x). (A) A significant increase of SA-β-gal activity can be observed in the UVA group, and a significant inhibitory effect on SA-b-gal activity was 
observed in the UVA+EGCG group. (B) The ratio of β-Galactosidase-positive cells. The results are presented as the mean ± SD of three independent experiments 
(*p<0.05).
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Figure 3 Telomere length and telomerase analysis revealed that EGCG treatment decreases UVA-induced telomere fragment loss (*p<0.05). Cells were incubated with 
25μg/mL EGCG and/or 10 J/cm2 UVA irradiation for 14 days. (A) Relative telomere length was calculated as the ratio of the amount of telomere DNA versus single-copy 
DNA (T/S ratio). (B) UVA irradiation down-regulated the expression of the hTERT gene. (C) For telomerase activity, the values of all groups were less than twice the 
background activity, suggesting that the telomerase activity of each treatment group changed little. Data are expressed as mean ± SD of three individual experiments.

Figure 4 EGCG counteracted UVA-induced cell cycle arrest in fibroblasts. The cell cycle was analyzed using flow cytometry. (A) Representative photographs of the cell 
cycle in human dermal fibroblasts. (B) EGCG treatment significantly regulates cell cycle activity in fibroblasts. G1 phase ratios are presented as mean ± SD of three individual 
experiments and all experiments were done in triplicate.
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EGCG Inhibited UVA-Induced Oxidation Reaction
Long-term accumulative of damage and oxidative reactions caused by UVA irradiation accelerate the process of 
photoaging, leading to the consumption of antioxidant substances and the accumulation of oxidative products. There is 
also evidence that p66Shc up-regulation was associated with oxidative stress. In our study, superoxide dismutase (SOD), 
catalase (CAT) and glutathione peroxidase (GSH-px) activities in HSF were significantly decreased with UV group, 
while levels of malondialdehyde (MDA) and P66Shc in irradiated cells were significantly increased, indicating that UVA 
irradiation reduced antioxidant ability of HSF and caused oxidative damage. Meanwhile, the content of SOD, GSH-px 
and CAT in the HSF treated with EGCG alone increased remarkably, while the generation of MDA and P66 was 
inhibited, and the pre-addition of EGCG significantly inhibited UVA-induced MDA production and antioxidant suppres
sion (3.34±0.4) (Figure 5A–E).

EGCG Promotes Collagen Synthesis and Inhibits Collagen Degradation Caused by 
UVA
Transforming growth factor-beta1 (TGF-β1) stimulates the proliferation of HSF and accelerates the synthesis of 
extracellular matrix such as collagen, which is the strongest pro-fibrotic cytokine ever known. Nevertheless, the 
activity of TGF-β1 is weakened in photoaging skin. Our study found that in the absence of UVA irradiation, TGF- 
β1 secreted by cells in the EGCG-treated group increased to 2270.4±42.53 pg/mL. Irradiation of UVA reduced the 
secretion level of TGF-β1 in HSF to 818.97±37.99 pg/mL, which was significantly alleviated to 934.88±27.61pg/mL in 
the radiation group pre-treated with EGCG (Figure 6D). It was also conducted to explore whether EGCG could protect 

Figure 5 EGCG treatment inhibited UVA-induced oxidative reactions in fibroblasts. (A and B) Intracellular levels of MDA, P66Shc were determined. (C–E) SOD, CAT, 
GSH-Px were analyzed. The data are expressed as mean ± SD. *p < 0.05 relative to control group at 24 h post-irradiation.
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cells from UVA-induced matrix metalloproteinases (MMPs) production. As expected, UVA irradiation elevated the 
MMPs level (Figure 6A–C), while EGCG protected cells from the destruction of these enzymes. Consistently, there 
was also a significant increase in the mRNA level of tissue inhibitor of metalloproteinase-1 (TIMP-1) and TGF-β with 
EGCG, which played key roles in the extracellular matrix (Figure 6D and E). These observations implied that EGCG 
functioned as an anti-photoaging agent.

Discussion
It has been reported Senescence-related β-galactosidase (SA-β-gal) increased with the growth of cell age, which can be 
used to evaluate cell aging. Our results suggested that the cells did enter the photoaging stage with UVA. Meanwhile, 
fibroblasts pre-treated with EGCG experienced a significant decrease in the proportion of aging cells, indicating that 
EGCG could alleviate fibroblasts photoaging.

Telomeres, which are located at the ends of eukaryotic chromosomes, maintain chromosomal stability while ensuring 
that cells divide continuously.13 However, the telomere itself cannot be completely replicated because of the “end 
replication problem of linear chromosomes”, and once the Hayflick limit is reached during the progress of DNA lost, the 
cell enters an aging state and quits dividing. Telomerase is a DNA polymerase present in eukaryotic cells. To protect 
telomeres length and escape from cellular senescence in rapidly dividing cells, telomerase utilizes RNA components 
complementary to telomere repeats as primers to elongate telomeres. Telomerase activity is closely related to human 

Figure 6 EGCG promotes collagen synthesis and inhibits collagen degradation caused by UVA. (A–C) MMP-1. MMP-3, MMP-10 activity were also determined using Real- 
Time PCR assay. EGCG treatment was found to down-regulate UVA-induced MMPs expression (*p<0.05). (D and E) EGCG increased TGF-β1 secretion in the supernatant 
of human skin fibroblasts and the mRNA level of TIMP-1 following exposure to UVA radiation (*p<0.05). The results are presented as the mean ± SD of triplicate evaluation.
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telomerase reverse transcriptase (hTERT) expression, while normal human somatic cells rarely exhibit telomerase activity. 
UV causes DNA to form pyrimidine dimers directly or indirectly and destroys the stability of DNA through reactive oxygen 
species (ROS)-mediated mechanisms.14 The telomere is rich in guanine and thymine due to its conserved sequence and 3’ 
terminal structure, making it more prone to oxidative damage caused by cell metabolism or ultraviolet. This is also the 
reason why telomere shortening in photoaged cells is faster than that of normal aging cells.4 In this study, the telomere of 
cells irradiated with UVA was significantly shortened and the addition of EGCG helped limit the shortening caused by UVA 
radiation, indicating that EGCG can delay telomere shortening and attenuated photoaging. Considering the possibility that 
EGCG could activate telomerase and protected telomeric DNA, we examined the changes of hTERT to further reveal the 
mechanism by which EGCG protected telomere and enhanced cell replication ability and confirmed that the activity of 
fibroblast telomerase and the intensity of hTERT expression did not significantly increase under the intervention of 
EGCG.15 Thus, we speculated that the effects of EGCG to maintain telomere and promote cell proliferation are probably 
correlated with its antioxidant properties and ability to clearance free radicals, other than telomerase.

Ultraviolet mediated cyclobutane pyrimidine dimers (CPDs) formation destroyed the leads to cell death.16 Our study 
suggested that UVA could induce G1-phase cell cycle arrest to alleviate further DNA damage and minimize the 
possibility of gene mutations, in the early stage of UVA-induced senescence, which may lead to stable cell cycle arrest 
and senescence if not intervened. In this study, treatment with EGCG significantly alleviated the increase of G1-phase 
cells and reduced senescence caused by cell cycle arrest.

To deeply analyze the possible mechanism of the EGCG photo-protective effects on HSF, extracellular TGF-β1 was 
examined by collecting and testing the supernatant of cultured HSF. Studies have shown that TGF-β1, as the strongest 
known pro-fibrotic factor, promoted the proliferation of fibroblasts, stimulated fibroblasts to synthesize extracellular 
matrix (ECM) and inhibited the activity of proteases and matrix enzymes, thereby depositing ECM and maintaining the 
appearance of young, smooth skin. Fisher et al and Quan et al found that the level of autocrine TGF-β1 reduced and cell 
response to TGF-β1 decreased in photoaged skin.17,18 The TGF-β1 receptor on the cell surface decreased and the 
phosphorylation reaction after ligand-receptor binding was weakened as aging progressed, which resulted in the 
inhibition of fibroblasts function and the acceleration of skin photoaging. In our study, we observed that TGF-β1 in 
the supernatant of photoaged cells was significantly reduced and EGCG brought it back to a relatively normal level. 
Based on this, we reasoned that the anti-aging mechanism of EGCG was achieved by stimulating HSF to secrete TGF-β1. 
Clinically, photoaging is primarily characterized by loose rough skin, leather-like wrinkles, and adermotrophia. The root 
cause of these symptoms is the degradation and messy arrangement of collagen and ECM components after long-term 
repeated ultraviolet radiation. Studies have confirmed that Ultraviolet stimulates mitogen-activated protein kinase 
(MAPK) signal transduction pathway, external signal-regulated kinase (ERK) pathway and stress-activated protein 
kinase (SAPK) pathway by activating relevant cytokine receptors in fibroblasts, such as EGFR, IL1-R, TNF-R, etc., 
ultimately synthesizing transcription factor activator protein 1 (AP-1) and inducing the generation of MMPs, which 
hydrolyze collagen and matrix within the dermis and contribute to photoaging.19–21 TIMPs are a group of secreted 
glycoproteins that attenuate MMPs activity.22 The balance between TIMPs and MMPs provides a suitable environment 
for the construction and maintenance of skin tissue. Our results showed that the expression of MMPs of photoaged HSF 
was significantly increased, which was reduced by EGCG pretreatment. Treatment with EGCG or UVA radiation alone 
increased the mRNA expression level of TIMP, while the TIMP mRNA expression level of cells with both UVA and 
EGCG treatment experienced a further increase. Our results suggested that UVA induced the synthesis of MMPs, while 
the skin would initiate a self-protection mechanism to synthesize TIMP-1 to antagonize the effects of MMPs, and EGCG 
helped to degrade MMPs and accelerated the synthesis of TIMP-1, reducing collagen degradation and returning dermis to 
its ordered structure.

Oxidative stress reaction occurs when the skin is irradiated with UV, which promotes the production of large amounts 
of ROS. This is mainly mediated by the adaptor protein p66Shc. Skin tissue metabolizes vigorously and oxidative 
reactions are more likely to occur, thus p66Shc is highly expressed and exists in both cytoplasm and mitochondria.23 

P66Shc transfers oxidative stress signals to mitochondria when cells are oxidatively damaged, up-regulated ROS 
production, and motivated signal transduction. We found that once irradiated with UVA, the mRNA expression level 
of p66Shc in HSF increased sharply, while the expression of p66Shc in irradiated HSF pretreated with EGCG had 
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a significant decrease, suggesting that p66Shc was involved in UVA-induced photoaging and EGCG can alleviate 
oxidative damage and cell apoptosis through mechanisms related to p66Shc. Excessively generated ROS also breaks 
the balance between oxidation and antioxidant reaction, which directly damage the lipids, proteins, and nucleic acids of 
cells.24 Present studies have also suggested that inhibition of hTERT transcription factors was regulated through a ROS- 
dependent pathway, and overexpression of antioxidant enzymes mitigated antitelomerase activity, suggesting a possible 
mechanism between antioxidants and telomerase function after receiving EGCG treatment.25 Cellular antioxidant 
enzymes can also exert protective effects by regulating the synthesis and degradation of collagen. ROS accumulation 
can induce the production of MMPs, while antioxidants can alleviate the degradation of extracellular matrix in 
photoaging skin.26,27 Our study confirmed that EGCG reduced ROS generation and protected the activities of antioxidant 
enzymes including SOD, GSH-px, CAT, and reduced the production of MDA as well. It was also reported that after 
catechin treatment in mice, the expression of antioxidant enzymes regulated by Nrf2/keap1 in mice increased, such as 
Glutamate cysteine ligase (GCL) and Heme oxygenase-1 (HO-1).28,29 These data clarified that EGCG exerted its 
powerful antioxidant capacity and maintained cell vitality in multiple ways.

In conclusion, we demonstrate that EGCG delayed UVA-induced photoaging of dermal fibroblasts, which is related to 
its regulation of TGF β-1, P66Shc, cell redox system, MMPs and TIMP-1 and delaying telomere shortening, which 
makes EGCG a more attractive target in the prevention and treatment of photoaging.
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