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ABSTRACT

Objective: Artesunate, a semisynthetic derivative of artemisinin, exerts various pharmacologicalactivities.
Nevertheless,the effects of Art on skin photoaging remain unclear. Herein, we investigated whether Art
amelioratedultraviolet-irradiated skin photoagingin HaCaTcellsand mice.

Methods: To constructskin photoagingcellular models,HaCaTcellswere irradiated by UV (UVB,20mJ/cnr) for
5 days.HaCaTcellswere pretreated with three concentrationsof Art (1,5and 20> 3 k %6f 2dh eachday. After
5 days, cell senescence ROSproduction, SODlevels, p16N4and i -catenin expression, proliferation and
apoptosiswere detected in HaCaTcells. Effectsof Art on normal cells were investigated. After shi -catenir
transfection or XA\A939treatment, HaCaTcellswere pretreated with 20> 3 k Afttand irradiated by UVB.After
5 days, skin photoagingwas then observed.Furthermore,skin photoagingmousemodelswere establishedand
the effectsof Art andi -cateninsilencingon skin photoagingwere investigated.

Results: Art treatment suppressedcell senescence,intracellular ROS production, p16NK42expression and
apoptosisand promoted proliferation and SODandi -cateninexpressionin UVBirradiated HaCaTcells.But Art
had no toxic effects on normal cells. Silencing i -catenin by shd -catenin or XAW\939 exacerbated UVE
irradiation-mediated cell senescenceapoptosis,and ROSproduction in HaCaTcells,which was ameliorated by
Art treatment. Thetherapeutic effectsof Art on skinphotoagingwere alsoconfirmedin mousemodels.
Conclusios: Thesefindings suggestedthat Art treatment alleviated UVB irradiation-driven skin photoaging
through enhancing -cateninexpressionwhich offered novel cluesfor pharmacologicahctivity of Art.

INTRODUCTION pigmentation [5717]. Longterm ultraviolet (UV)

radiation that is emitted naturallffom the sun and

Skin photoaging represents a badly complex and
coordinated biological eventli 3]. Once photoaging
begins, collagen fibers will degrade, resulting in
sagging skin and wrinklept]. In addition, abnormal
proliferation of melanocytes may contribute to skin

artificial sources is the main cause of photoadiilg
UVB ( a320M@)0s a common ultraviolet ray that
causes skin aging, and studies have shown tha#20
mJ/cn® UBV can cause cell photoagif@ji 11], and 55
200 mJ/cra UBV can inducemouse skin aginl0, 12,
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13]. Increasing evidence suggests that UV radiation increased in UMrradiated HaCaT cells compared to
initiates skin photoaging through inducing oxidative  control cells Figure 1B, 1C). But Art pretreatment
stress and reactive oxygen species (ROS) production, significantly reduced S#-galpositive rate of UV
thereby destroying cell macromolecules like protein, irradiated HaCaT cells with a doskependent manner.

lipid, and DNA [14i16]. Enzymatic antioxidant Thus, Art pretreatment could effectively prevent UVB
superoxide dismutase (SOD) is an essential component radiationinduced cell senescence. To clarify the
of the skin defense against R@fsluced injury{17, 18] mechanisms by which Art protected HaCaT cells

However, the excessive production of ROS caused against UVB radiatiosinduced skin photoaging,
by UV exposure may weaken the skin's endogenous intracelluar ROS levels were tested by flow
antioxidant ability ad induce collagen and elastin fiber cytometry. Our data showed the increased levels of

degradation, ultimately leading to skin agifi®, 20] intracellular ROS in UVBirradiated cells than

Decreasing the accumulation of intracellular ROS has controls Figure 1D, 1E) . 5 and 20- gg/ nm

become an effective strategy for preventing -UV treatment distinctly decreased intracellular ROS levels

mediated cell senescence and skin photoaging. in UV-irradiated cHs. Nevertheless, its levels were
significantly altered by 1

Artesunate (Art) is a sensiynthetic derivative of underlying Artinduced decrease of ROS were

artemisinin [21]. It has attracted more and more explored by measuring the major antioxidant SOD

attention due to its anthalarial, antioxidant, ant using its detection kit. Ifrigure 1F SOD expression

inflammatory, anticancer and other biological activities was markedly reducedftar UV radiation. But Art

and pharmacological safef#2]. Studies hee reported pretreatment significantly elevated its expression in

that Art may suppress tumor progression (such as UVB-irradiated cells, with a dosgependent manner.

osteosarcomf3], uveal melanom§4] and colorectal Collectively, Ar t pretreatr

carcinomg25]), liver fibrosis[26] and myelodysplastic Art) could reduce UMrradiated cell senescence and

syndromes [27] v i a b | oaatkninn gathwéy. intracellular ROS mduction and enhance SOD

Moreover, limited evidences suggebtt Art has the expression in HaCaT cells.

potential to treat skinelated diseases. For instance, Art

ameliorates 2, 4initrochlorobenzeneduced atopic Art treatment weakens pléNk4a expression and

dermatitis through dowregulation of Thl17 cell i ncr e acatensy expression in UVirradiated

response [28]. Additionally, it can also relieve HaCaT cells

imiquimodinduced psoriasike dermatitis [29].

However, the therapeutic effects of Art skin photoaging  Western blot was performed to detect the expression of
remain unclear. Herein, this study investigated that Art  cell senescence marker 462 and cellgrowth marker
exerted an inhibitory effect on ultraviolietadiated skin b-catenin[30]. We found that p18<42 expression was
photoaging i n HaCaT «c el | ssigréficadtly upregulated innHaChé lcdls. afteb UVB
catenin was respsible for the therapeutic effects of radiation compared with control cells. But Art
Art. Collectively, our study provided novel clues for pretreatment distinctly decreased the expression of

pharmacological activity of Art. pl6NK4a in UV-irradiated cells, wh a dosedependent
manner Figure 1G1H) . Lower e-xgteniessi o
RESULTS was found in UVBirradiated cells than control&igure
1G, 1I). However, its expression was significantly
Art treatment reduces cell senescence, intracellular elevated by Art pretreatment, with a dasspendent
ROS production and increases SOD expression in manner.

UV-irradiated HaCaT cells

Art treatment enhances cell viability and suppresses
To observe the therapeutic effects of Art on UV  apoptosis in UVtirradiated HaCaT cells
radiationinduced skin photoaging, we firstly
determined the TC50 of Art in HaCaT cells. According At 24, 48 and 72 h after radiation, cell viability of
to the MTT assay results, the TC50 value of Atwas HaCaT cells that were pretreé
52.09 g9/ ml FigureWl Based orctie | | sAr(t for 2 h and irr@ftibated
TC50, HaCaT cells were pretreated with three days (15 mineach day) was detected via C@K
concentrations of Art (1, Cempareddvithxantrotcglls, ihe gromthgate oRUVB a n
irradiated by?. CovtB®l cll @eremJ / igradiated cells was significantly slowed dowrigure

cultured in the same condition without Art pre 2A). As the concentration of Art increased, the growth
treatment and UV radiation. After 5 days, BAyal rate of UVBirradiated cells was gradually increased.
stainirg was utilized for detecting cell senescence. We  This indicated that Art pretreatment may ameliorate the
found that SAb-galpositive rate was distinctly inhibitory effects of UVB radiation on cell growth. At
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24 h of UVB radiation, ell apoptosis of each group was Under a laser scanning confocal miaagse, the
detected via Annexin V/FFITC. As shown inFigure morphological changes of HaCaT cell apoptosis were
2B, 2C higher apoptotic levels were found UVB observed. The results showed that the ratio of damaged
radiation group compared with control group. Art cells was significantly increased after UVB irradiation
pretreatment significantly decreased apoptotic levels of than controls. But Art pretreatment inhibited the cell
UVB-irradiated cells, with a dosgependent manner. damage caused by UVB radiatiavith a concentration
Above findings were confirmed by Hoechst/PI staining.  independent behavioFigure 2D, 2E
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Figure 1. Art pretreatment markedly reduces U\iBadiated cell senescence, intracellular ROS production and "6
SELINB&&AZ2Y | YR iafedindpresson in HACET cel(sf IRTT assay for determining TC50 of Art in HaCaT &elis. (
OSA-ILt &adlAyAy3d F2N OStt &aSySaodoSy0S Ay O2y(iNRf 3ANRdzm '>HkYKNR dzIN
IANRBdzLID { OF €S o6 NXY wmnb B Flowdcytemetd yiirdcdlitlai RGSypvductionsinfedrh gropDétection of SOD

levels in HaCaT cells of different groupdgly 2 S&AGSNY o6f 20 2 7F (i -KafeninNaBdp16tikidcach §raupINS:anétA 2 Y 2
significant; **p<0.01; ***p<0.001; ****p<0.0001.
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Art treatment ameliorates UV irradiation -mediated (Figure 3A. Flow cytometry was applied for
cell senescence and has no toxic side effects on  detecting cell apoptosis. Our results showed that cell

normal cells apoptosis was markedly increased after irradiation,
but 20 ¢eg/ ml Ar t pretreat me

To determine Art pretreatment only dha therapeutic cell apoptosis Figure 3B, 3. Moreover, we found

effect on UVB irradiatioamediated senescent cells t hat 20 ¢eg/ ml Ar t pretreat

but had no toxic side effects on normal cells, we apoptosis of normal cells. IRigure 3D, 3E the ratio
divided HaCaT cell s into cobdamaged cell2 Was ¢sighifivdntly Areduced byw B
radiati on and UuvB + 20 ¢e@0OmlegAmt Arbumps et Adatlisade n t
pretreat ment of 2 0Cat gellsml elis t andf mormal 2celldy , indi¢hing that Art had

were irradiated by UVB for 5 days. Control cells had  the effect of resisting cell damage and death. The SA

the same culture conditions but were not irradiated by b-g a | staining resul ts sho
UVB. Our CCK8 results showed t Arat preedtmenty /sighificaAtly t inhibited cell
pretreatment distinctly enhanced cell proliferation  senescence of U\VMBradiated cells and normal cells

of not only senescent cells but also normal cells (Figure 3F, 3G.
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Figure 2. Art treatment promotes cell viability and inhibits apoptosis in Uviadiated HaCaT cell$d) CCK of the growth rate
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cytometry of apoptotic levels in each group, E) Hoechst/PI staining for morphological changes of HaCaT cell apoptosis in each group. Scale
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Art treatment reduces cell senescence, phti6*a were pretreated with 20 eqg/r

expression and intracellular ROS production and by UVB ( @015 mid éachrdafter 5 days,
increases SOD expression in Wfradiated HaCaT SA-b-gal staining showed that fiacatenin significantly
cell s by -tamrinrexpessiomg b aggravated UVB irradiatiomediated cell senescence
compared to shC (Figure 4A, 4B. The similar results
To investigate the toe s -caiehin dn irradiatiodriven were observed when cells were treated with X238.

skin photoaging, we -atenmi g n Bull shischtéhN did notazamaletaty siffect the therapeutic
t o si-taenincX®A\VH3 9 sel ecti vel y effacth of Bri tteamelViort UVB irradiationduced cell

cateninmediated transcription by inhibiting tanky senescence. Art treatment significantly ameliorated UVB
rasel/2, but has no effect on CRE,-8iB andb T G Hradiatonme di at ed cel | scaten@ s c e n
[31]. Here, XAV-939 was selected as a positive control  silencing that was induced by-Bfcaenin or XAV-939.

of shb-catenin. After transfection with dicatenin or Western blot was presented to test the expression

treatment with 10 nM XAW39 for 24 h, HaCaT cells o f - chteninin HaCaT cells. We found that both

Figure 3. Art treatment ameliorates UVB irradiatienduced cell senescence and has no toxic side effects on normal HaCaT
cells.(A)cCcy 2F (GKS 3IANRgGK NIXraGS 2% 1/ 1¢ OStta Ay O2y(GNRtBQRBvdzZLIZ H s
cytometry of apoptotic levels in each group, E) Hoechst/PI staining for morphological changes of HaCaT cell apoptosis in each group. Scale
0FNY wmnn >Yd alEAGHBAADIK G AR20IYA Yy ERIF 20N OSt t & Sy S a OBlahdiSation:y2006 | OK
*p<0.01; **p<0.001; ***p<0.0001.
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