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INTRODUCTION  
 

Skin photoaging represents a badly complex and 

coordinated biological event [1ï3]. Once photoaging 

begins, collagen fibers will degrade, resulting in 

sagging skin and wrinkles [4]. In addition, abnormal 

proliferation of melanocytes may contribute to skin 

pigmentation [5ï7]. Long-term ultraviolet (UV) 

radiation that is emitted naturally from the sun and 

artificial sources is the main cause of photoaging [8]. 

UVB (ɚ=280-320nm) is a common ultraviolet ray that 

causes skin aging, and studies have shown that 20-144 

mJ/cm2 UBV can cause cell photoaging [9ï11], and 55-

200 mJ/cm2 UBV can induce mouse skin aging [10, 12, 
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ABSTRACT 
 

Objective: Artesunate, a semi-synthetic derivative of artemisinin, exerts various pharmacological activities. 
Nevertheless, the effects of Art on skin photoaging remain unclear. Herein, we investigated whether Art 
ameliorated ultraviolet-irradiated skin photoaging in HaCaT cells and mice. 
Methods: To construct skin photoaging cellular models, HaCaT cells were irradiated by UV (UVB, 20mJ/cm2) for 
5 days. HaCaT cells were pretreated with three concentrations of Art (1, 5 and 20 ˃ƎκƳƭύ for 2 h each day. After 
5 days, cell senescence, ROS production, SOD levels, p16INK4a and -̡catenin expression, proliferation and 
apoptosis were detected in HaCaT cells. Effects of Art on normal cells were investigated. After sh- -̡catenin 
transfection or XAV-939 treatment, HaCaT cells were pretreated with 20 ˃ƎκƳƭ Art and irradiated by UVB. After 
5 days, skin photoaging was then observed. Furthermore, skin photoaging mouse models were established and 
the effects of Art and ̡ -catenin silencing on skin photoaging were investigated. 
Results: Art treatment suppressed cell senescence, intracellular ROS production, p16INK4a expression and 
apoptosis and promoted proliferation and SOD and -̡catenin expression in UVB irradiated HaCaT cells. But Art 
had no toxic effects on normal cells. Silencing -̡catenin by sh- -̡catenin or XAV-939 exacerbated UVB 
irradiation-mediated cell senescence, apoptosis, and ROS production in HaCaT cells, which was ameliorated by 
Art treatment. The therapeutic effects of Art on skin photoaging were also confirmed in mouse models. 
Conclusions: These findings suggested that Art treatment alleviated UVB irradiation-driven skin photoaging 
through enhancing ̡ -catenin expression, which offered novel clues for pharmacological activity of Art. 
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13]. Increasing evidence suggests that UV radiation 

initiates skin photoaging through inducing oxidative 

stress and reactive oxygen species (ROS) production, 

thereby destroying cell macromolecules like protein, 

lipid, and DNA [14ï16]. Enzymatic antioxidant 

superoxide dismutase (SOD) is an essential component 

of the skin defense against ROS-induced injury [17, 18]. 

However, the excessive production of ROS caused  

by UV exposure may weaken the skin's endogenous 

antioxidant ability and induce collagen and elastin fiber 

degradation, ultimately leading to skin aging [19, 20]. 

Decreasing the accumulation of intracellular ROS has 

become an effective strategy for preventing UV-

mediated cell senescence and skin photoaging. 

 

Artesunate (Art) is a semi-synthetic derivative of 

artemisinin [21]. It has attracted more and more 

attention due to its anti-malarial, anti-oxidant, anti-

inflammatory, anti-cancer and other biological activities 

and pharmacological safety [22]. Studies have reported 

that Art may suppress tumor progression (such as 

osteosarcoma [23], uveal melanoma [24] and colorectal 

carcinoma [25]), liver fibrosis [26] and myelodysplastic 

syndromes [27] via blocking ɓ-catenin pathway. 

Moreover, limited evidences suggest that Art has the 

potential to treat skin-related diseases. For instance, Art 

ameliorates 2, 4-dinitrochlorobenzene-induced atopic 

dermatitis through down-regulation of Th17 cell 

response [28]. Additionally, it can also relieve 

imiquimod-induced psoriasis-like dermatitis [29]. 

However, the therapeutic effects of Art skin photoaging 

remain unclear. Herein, this study investigated that Art 

exerted an inhibitory effect on ultraviolet-irradiated skin 

photoaging in HaCaT cells and mouse models. ɓ-

catenin was responsible for the therapeutic effects of 

Art. Collectively, our study provided novel clues for 

pharmacological activity of Art. 

 

RESULTS 
 

Art treatment reduces cell senescence, intracellular 

ROS production and increases SOD expression in 

UV-irradiated HaCaT cells 

 

To observe the therapeutic effects of Art on UV 

radiation-induced skin photoaging, we firstly 

determined the TC50 of Art in HaCaT cells. According 

to the MTT assay results, the TC50 value of Art was 

52.09 ɛg/ml in HaCaT cells (Figure 1A). Based on the 

TC50, HaCaT cells were pretreated with three 

concentrations of Art (1, 5 and 20 ɛg/ml) for 2 h and 

irradiated by UVB (20 mJ/cm2). Control cells were 

cultured in the same condition without Art pre-

treatment and UV radiation. After 5 days, SA-ɓ-gal 

staining was utilized for detecting cell senescence. We 

found that SA-ɓ-gal-positive rate was distinctly 

increased in UV-irradiated HaCaT cells compared to 

control cells (Figure 1B, 1C). But Art pretreatment 

significantly reduced SA-ɓ-gal-positive rate of UV-

irradiated HaCaT cells with a dose-dependent manner. 

Thus, Art pretreatment could effectively prevent UVB 

radiation-induced cell senescence. To clarify the 

mechanisms by which Art protected HaCaT cells 

against UVB radiation-induced skin photoaging, 

intracellular ROS levels were tested by flow 

cytometry. Our data showed the increased levels of 

intracellular ROS in UVB-irradiated cells than 

controls (Figure 1D, 1E). 5 and 20 ɛg/ml Art pre-

treatment distinctly decreased intracellular ROS levels 

in UV-irradiated cells. Nevertheless, its levels were 

significantly altered by 1 ɛg/ml Art. The mechanisms 

underlying Art-induced decrease of ROS were 

explored by measuring the major antioxidant SOD 

using its detection kit. In Figure 1F, SOD expression 

was markedly reduced after UV radiation. But Art 

pretreatment significantly elevated its expression in 

UVB-irradiated cells, with a dose-dependent manner. 

Collectively, Art pretreatment (especially 20 ɛg/ml 

Art) could reduce UV-irradiated cell senescence and 

intracellular ROS production and enhance SOD 

expression in HaCaT cells. 

 

Art treatment weakens p16INK4a expression and 

increases ɓ-catenin expression in UV-irradiated 

HaCaT cells 

 

Western blot was performed to detect the expression of 

cell senescence marker p16INK4a and cell growth marker 

ɓ-catenin [30]. We found that p16INK4a expression was 

significantly up-regulated in HaCaT cells after UVB 

radiation compared with control cells. But Art 

pretreatment distinctly decreased the expression of 

p16INK4a in UV-irradiated cells, with a dose-dependent 

manner (Figure 1G, 1H). Lower expression of ɓ-catenin 

was found in UVB-irradiated cells than controls (Figure 

1G, 1I). However, its expression was significantly 

elevated by Art pretreatment, with a dose-dependent 

manner. 

 

Art treatment enhances cell viability and suppresses 

apoptosis in UV-irradiated HaCaT cells 

 

At 24, 48 and 72 h after radiation, cell viability of 

HaCaT cells that were pretreated with 1, 5 and 20 ɛg/ml 

Art for 2 h and irradiated by UVB (100 mJ/cm2) for 5 

days (15 min each day) was detected via CCK-8. 

Compared with control cells, the growth rate of UVB-

irradiated cells was significantly slowed down (Figure 

2A). As the concentration of Art increased, the growth 

rate of UVB-irradiated cells was gradually increased. 

This indicated that Art pretreatment may ameliorate the 

inhibitory effects of UVB radiation on cell growth. At 
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24 h of UVB radiation, cell apoptosis of each group was 

detected via Annexin V/PI-FITC. As shown in Figure 

2B, 2C, higher apoptotic levels were found in UVB 

radiation group compared with control group. Art 

pretreatment significantly decreased apoptotic levels of 

UVB-irradiated cells, with a dose-dependent manner. 

Above findings were confirmed by Hoechst/PI staining. 

Under a laser scanning confocal microscope, the 

morphological changes of HaCaT cell apoptosis were 

observed. The results showed that the ratio of damaged 

cells was significantly increased after UVB irradiation 

than controls. But Art pretreatment inhibited the cell 

damage caused by UVB radiation with a concentration-

independent behavior (Figure 2D, 2E). 

 

 
 

Figure 1. Art pretreatment markedly reduces UVB-irradiated cell senescence, intracellular ROS production and p16INK4a 

ŜȄǇǊŜǎǎƛƻƴ ŀƴŘ ƛƴŎǊŜŀǎŜǎ {h5 ŀƴŘ ʲ-catenin expression in HaCaT cells. (A) MTT assay for determining TC50 of Art in HaCaT cells. (B, 

C) SA- -̡Ǝŀƭ ǎǘŀƛƴƛƴƎ ŦƻǊ ŎŜƭƭ ǎŜƴŜǎŎŜƴŎŜ ƛƴ ŎƻƴǘǊƻƭ ƎǊƻǳǇΣ ¦± ƎǊƻǳǇΣ ¦± Ҍ м ˃ƎκƳƭ !Ǌǘ ƎǊƻǳǇΣ ¦± Ҍ р ˃ƎκƳƭ !Ǌǘ ƎǊƻǳǇ ŀƴŘ ¦± Ҍ нл ˃ƎκƳƭ !Ǌǘ 
ƎǊƻǳǇΦ {ŎŀƭŜ ōŀǊΥ млл ˃ƳΦ aŀƎƴƛŦƛŎŀǘƛƻƴΥ нллҎΦ όD, E) Flow cytometry of intracellular ROS production in each group. (F) Detection of SOD 
levels in HaCaT cells of different groups. (GςIύ ²ŜǎǘŜǊƴ ōƭƻǘ ƻŦ ǘƘŜ ǊŜƭŀǘƛǾŜ ŜȄǇǊŜǎǎƛƻƴ ƻŦ ʲ-catenin and p16INK4a in each group. Ns: not 
significant; **p<0.01; ***p<0.001; ****p<0.0001. 
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Art treatment ameliorates UV irradiation -mediated 

cell senescence and has no toxic side effects on 

normal cells 

 

To determine Art pretreatment only had a therapeutic 

effect on UVB irradiation-mediated senescent cells 

but had no toxic side effects on normal cells, we 

divided HaCaT cells into control, 20 ɛg/ml Art, UVB 

radiation and UVB + 20 ɛg/ml Art groups. After 

pretreatment of 20 ɛg/ml Art for 2 h, HaCaT cells 

were irradiated by UVB for 5 days. Control cells had 

the same culture conditions but were not irradiated by 

UVB. Our CCK-8 results showed that 20 ɛg/ml Art 

pretreatment distinctly enhanced cell proliferation  

of not only senescent cells but also normal cells 

(Figure 3A). Flow cytometry was applied for 

detecting cell apoptosis. Our results showed that cell 

apoptosis was markedly increased after irradiation, 

but 20 ɛg/ml Art pretreatment significantly inhibited 

cell apoptosis (Figure 3B, 3C). Moreover, we found 

that 20 ɛg/ml Art pretreatment also decreased the 

apoptosis of normal cells. In Figure 3D, 3E, the ratio 

of damaged cells was significantly reduced by  

20 ɛg/ml Art pretreatment both for UVB-irradiated 

cells and normal cells, indicating that Art had  

the effect of resisting cell damage and death. The SA-

ɓ-gal staining results showed that 20 ɛg/ml  

Art pretreatment significantly inhibited cell 

senescence of UVB-irradiated cells and normal cells 

(Figure 3F, 3G). 

 

 
 

Figure 2. Art treatment promotes cell viability and inhibits apoptosis in UVB-irradiated HaCaT cells. (A) CCK-8 of the growth rate 
ƻŦ Iŀ/ŀ¢ ŎŜƭƭǎ ƛƴ ŎƻƴǘǊƻƭ ƎǊƻǳǇΣ ¦± ƎǊƻǳǇΣ ¦± Ҍ м ˃ƎκƳƭ !Ǌǘ ƎǊƻǳǇΣ ¦± Ҍ р ˃ƎκƳƭ !Ǌǘ ƎǊƻǳǇ ŀƴŘ ¦± Ҍ нл ˃ƎκƳƭ !Ǌǘ ƎǊƻǳǇΦ όB, C) Flow 
cytometry of apoptotic levels in each group. (D, E) Hoechst/PI staining for morphological changes of HaCaT cell apoptosis in each group. Scale 
ōŀǊΥ млл ˃ƳΦ aŀƎƴƛŦƛŎŀǘƛƻƴΥ нллҎΦ ϝǇғлΦлрΤ ϝϝϝϝǇғлΦлллмΦ 



 

ǿǿǿΦŀƎƛƴƎ-ǳǎΦŎƻƳ нронф !DLbD 

Art treatment reduces cell senescence, p16INK4a 

expression and intracellular ROS production and 

increases SOD expression in UV-irradiated HaCaT 

cells by increasing ɓ-catenin expression 

 

To investigate the roles of ɓ-catenin on irradiation-driven 

skin photoaging, we designed shRNAs against ɓ-catenin 

to silence ɓ-catenin. XAV-939 selectively inhibits Wnt/ɓ-

catenin-mediated transcription by inhibiting tanky-

rase1/2, but has no effect on CRE, NF-əB and TGF-ɓ 

[31]. Here, XAV-939 was selected as a positive control 

of sh-ɓ-catenin. After transfection with sh-ɓ-catenin or 

treatment with 10 nM XAV-939 for 24 h, HaCaT cells 

were pretreated with 20 ɛg/ml Art for 2 h and irradiated 

by UVB (100 mJ/cm2) for 15 min each day. After 5 days, 

SA-ɓ-gal staining showed that sh-ɓ-catenin significantly 

aggravated UVB irradiation-mediated cell senescence 

compared to sh-NC (Figure 4A, 4B). The similar results 

were observed when cells were treated with XAV-939. 

But sh-ɓ-catenin did not completely affect the therapeutic 

effects of Art treatment on UVB irradiation-induced cell 

senescence. Art treatment significantly ameliorated UVB 

irradiation-mediated cell senescence under ɓ-catenin 

silencing that was induced by sh-ɓ-catenin or XAV-939. 

Western blot was presented to test the expression  

of ɓ- catenin in HaCaT cells. We found that both 

 

 
 

Figure 3. Art treatment ameliorates UVB irradiation-induced cell senescence and has no toxic side effects on normal HaCaT 
cells. (A) CCK-у ƻŦ ǘƘŜ ƎǊƻǿǘƘ ǊŀǘŜ ƻŦ Iŀ/ŀ¢ ŎŜƭƭǎ ƛƴ ŎƻƴǘǊƻƭ ƎǊƻǳǇΣ нл ˃ƎκƳƭ !Ǌǘ ƎǊƻǳǇΣ ¦± ƎǊƻǳǇΣ ¦± Ҍ нл ˃ƎκƳƭ !Ǌǘ ƎǊƻǳǇΦ όB, C) Flow 
cytometry of apoptotic levels in each group. (D, E) Hoechst/PI staining for morphological changes of HaCaT cell apoptosis in each group. Scale 
ōŀǊΥ млл ˃ƳΦ aŀƎƴƛŦƛŎŀǘƛƻƴΥ нллҎΦ όF, G) SA- -̡Ǝŀƭ ǎǘŀƛƴƛƴƎ ŦƻǊ ŎŜƭƭ ǎŜƴŜǎŎŜƴŎŜ ƛƴ ŜŀŎƘ ƎǊƻǳǇΦ {ŎŀƭŜ ōŀǊΥ млл ˃Ƴ. Magnification: 200×. 
**p<0.01; ***p<0.001; ****p<0.0001. 


