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Highlights

1. UVB-induced collagen-l reduction, photoaging,idative stress and cytotoxicity could be
partially rescued by astragaloside.

2. UVB-induced ERK and p38 activation, which is ofwed in UVB-induced collagen-I
degradation, could be repressed by astragaloside.

3. UVB-suppressed autophagy could be reversedtgatoside.

4. Astragaloside upregulates UVB-reduced collagen4nhancing autophagy.

Key words: astragaloside, autophagy, collagen, MABHGtoaging

Abbreviations: AM,Astragalus Membranaceus; APS, astragalus polysaccharides; ASF, astragalus
flavonoids; ASI, astragaloside 1V; AST, astragallesiColl, collagen-I; CQ, chloroquine; 3-MA,
3-methyladenine; MAPK, mitogen-activated proteimdse; MMP, metalloproteinase; Rap,

rapamycin; ROS, reactive oxygen species; UV, uitiat.

Number of text words: 6400 (including referenced figure legends)
Number of references: 37
Number of tables: 1

Number of figures: 7



Abstract

Background: Astragalus membranaceus is a fundamental herb in Traditional Chinese Miedic
and has attracted significant attention due tarntsinflammatory, and longevity effects. However,
its anti-photoaging property remains to be defirdgtophagy plays important roles in regulating
cell homeostasis and aging processes. Whetherategubf autophagy could be an efficient way
for anti-photoaging is still unclear.

Objective: To investigate the effects and the possible masha of astragaloside on
anti-photoaging in UVB-induced photoaging cell miode

Methods. Primary rat dermal fibroblasts were prepareddpeated exposures to UVB irradiation.
The expression levels of cytokines and signal miéscwere determined by RT-PCR and western
blot. SAf-gal staining was performed to indicate senescénad. Intracellular reactive oxygen
species and mitochondrial membrane potential wessitored by fluorescent probes DCFH-DA
and JC-1. The cell viability was determined usirgdl Counting Kit-8.

Results: Astragaloside increases the expression of calldg&oll) downregulated by UVB.
UVB-induced oxidative stress and photoaging coulel ibhibited by astragaloside. The
degradation of Coll caused by UVB irradiation tlgiowactivated ERK and p38 signals could be
suppressed by astragaloside. Importantly, autophagyinduced by astragaloside. Coll could be
further accumulated by chloroquine but decreased@-byethyladenine in photoaged cell after
treatment of astragaloside.

Conclusion: Autophagy play essential roles, at least paytial modulating the formation and
degradation of Coll in photoaging cell model. Agalaside increases the accumulation of Coll
and protects UVB-induced photoaging cells through only ERK and p38 inhibition but also
autophagy activation, indicating the potential &gtlon of astragaloside for anti-photoaging

therapy.



Introduction

Skin aging is a complex biological process inflleshdoy a combination of genetic and
environmental factors. These factors lead to cutivelghysiological and structural changes in the
skin appearance [1]. Facial chronic senescencdefskin due to sunlight manifests itself as
extrinsic skin aging (photoaging) and UV irradiateuch as UVA and UVB which are the primary
causes of accelerated photoaging. Both UVA and UN&/e been shown to cause cell
proliferation arrest, and apoptosis, although thhesponses can be context-dependent [2, 3]. UVB
damages DNA directly to form photoproducts, maitilg cyclopyrimidine dimers (CPDs) [4],
which accounts for most UVB-induced mutations [BY aubsequently photoaging whereas UVA
exerts its most established effects on photoadiraugh oxidative damage to DNA, proteins, and
lipids [3]. Since UVB is more cytotoxic and mutagethan UVA radiation [6, 7], photoaging
caused by UVB is a more common form of skin dansagkeven can result in skin carcinoma [8].
Due to the fact that skin health and beauty arsidened as overall well-being and the perception
of physical health in humans, many efficient agling strategies have been developed to prevent
photoaging, such as sun avoidance, free radicalsalieers, herbs, and pharmacological agents
with anti-aging properties [9, 10]. In the skinbrbblasts constitute the main cell type of the
dermis and are responsible for the production efdifferent extracellular matrix components, so
dermal fibroblasts have been applied as a simglifi@del of aging to identify potential protective
effect of various components Aftragalus Membranaceus (AM) in vitro [11].

UV irradiation activates mitogen-activated prot&inase signaling (MAPK), which involves
the upregulation of extracellular signal-regulatedases (ERK), c-Jun amino terminal kinase
(INK), and p38. The elevated levels of c-Jun a@g-n turn activate the transcription factor
AP-1, which upregulates the expression of variowsrisn metalloproteinases (MMPs) [12].
Importantly, in the skin tissue MMP-1 and othertpeses are responsible for the degradation of
collagen-1 (Col1) which has been used as a kewffeaif the pathophysiology of photoaging [13,
14].

Autophagy is a highly conserved cellular process tigests damaged organelles or misfolded
macromolecules to facilitate cell survival and adépn during starvation, genotoxic stress, and
oxidative stress in normal cells [15]. Dysregulatiof autophagy can therefore contribute to the

development of a number of skin diseases and 4@6dL7]. In aging skin, the increased number
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of autophagosomes found in fibroblasts are maialysed by impaired autophagic flux, which
leaded to alterations in the content of extracatlahatrix proteins [18]. Given the varying of cell
type and exposure time, both UVA and UVB have besported to activate autophagy through
reactive oxygen species (ROS) production (mainlgennJVA irradiation) and DNA damages
(mainly under UVB irradiation) [7, 19, 20], and izeation of 5 adenosine
monophosphate-activated protein kinase (AMPK), @ifiation resistance-associated gene protein
(UVRAG), and p53 or downregulate autophagy throlygimsome dysfunction [3, 21]. Several
chemicals and genetic tools have been reportedeteept photoaging through either autophagy
inhibition or autophagy activation [22, 23]. So @pltagy modulators are of great interest to the
treatment and prevention of UV-induced skin disssdmd skin diseases.

AM is a well-known Chinese tonic herb. Its actimgiiedients are able to improve the memory
of aged mice, enhance the activity of cerebralr@sdver neurochemical impairments induced by
stress [24, 25]. The main bioactive componentsdfgkimarily contain flavonoids, astragalosides,
and polysaccharides [25]. Previous studies shoha&idastragalosides possessed an anti-aging and
immunomodulatory effects, probably being relateditoanti-oxidative properties [26]. Other
contents of AM also contributed to their cardiotpiiive and anti-inflammatory effects [27].
Collagens in wounded skins of diabetic rat modeldde faster synthesized by AM extracts [28].
However, little attention has been paid on theatgetive roles in skin photoaging.

In the present study, we compared the effects férdnt component standards of AM on
UVB-induced photoaging cell model using rat primagrmal fibroblasts (RDFs). Among the
different components, only astragaloside stand&fdT) could enhance Coll formation and
reverse photoaging through the anti-oxidative steexd the suppression of ERK and p38 signals.
More importantly, autophagy was found to be indubgdAST for the first time in both normal
culture cells and photoaged cells. AST could eiffetg promote the accumulation of Coll
reduced by UVB-irradiation through autophagy adtom indicating that targeting autophagy

pathway by AST would be a potential therapeutiatetgy for photoaging.

Materials and Methods
Materials

AST (Astragaloside standards, >98%, CAS: 17429%9-BS| (Astragaloside IV
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standards, >98%, CAS:. 84687-43-4), ASF (Astragdlagone standards, >70%), and APS
(Astragalus polysaccharides standards, >70%, CAR5@26-0) were purchased from the
National RM Source Center (Beijing, China). Antifigs penicillin/streptomycin and fetal bovine
serum for cell culture were obtained from Gibcog@t Island, NY). The following antibodies
were used for immunoblot and immunostaining: CoBoster, Wuhan, China). MMP-1
(Proteintech, Wuhan, China), p21 (Proteintech), GARProteintech), p62 (Proteintech), LC3B
(Sigma, St. Louis, MO), Vimentin (Proteintech), p&ll signaling, Danvers, MA), Phospho-p38
(Cell signaling), ERK (Cell signaling), phospho-ERKell signaling), cleaved caspase 3 (Cell
signaling),a-tubulin (Sigma). Secondary antibodies were frofie diechnologies (Carlsbad, CA).
3-Metheyladenine (3-MA) was from Selleckchem (HoustTX). Rapamycin was from LC
Laboratories (Woburn, MA). Chloroquine diphosphatdt (CQ) was from SangofiShanghai,
China . All cell culture dishes, plates, and flasks welgained from Corning (Corning, NY).
Preparation of rat primary dermal fibroblasts

RDFs were prepared from 1-3 day new-born Spragweldya (SD) rat supplied by the
Experimental Animal Center of Sun-Yat Sen Univgrsithe skin removed from SD rats was
disinfected with ethanol, and then separated frloenconnective tissue. Then the skin tissue was
put into 0.06% trypsin at 4°C overnight. After ditged, the dermis could be easily separated from
epidermis. The dermis was transferred to a neviliségt culture dish and cut into small pieces,
then treated with 0.1% collagenase | (ThermofiS$aentific, Rockford, IL) at 37°C in a shaking
incubator. After 30 min, the liquid was moved tocentrifuge tube with complete medium
containing antibiotics. Secondly, the 0.06% trypsas added to digest the rest dermis at 37°C for
5 min several times until the skin tissue was d&gscompletely. Then pooled cells were
centrifuged and seeded in dishes. Once establistleplimary cell cultures were maintained in
DMEM (Gibco) containing 10% of fetal bovine serurtugp 100 U/mL of penicillin and 100
ug/mL of streptomycin and propagated at 37°C. Ged#lse split at a ratio of 1:3 for later passages.
The cells from passages 3 to 8 were used in thi/sThe animal experiment in the current study
was approved by the Research Ethics Committee mfYatrSen University.
Preparation of photoaging cell model

UVB-induced dermal fibroblast photoaging model vestablished according to the previous

studies [29, 30]. In brief, the dosage of UVB wasading to pilot experiments to act on cells.
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UVB irradiation was delivered by a portable narrband UVB lamb (Zhongyiboteng, Beijing,
China) emitting at 308-311 nm wavelengths. The teihitadiation was checked at the same level
of dishes using a UVR radiometer with a UVB/UVA sen(Lutron, Taiwan). The irradiation was
performed twice a day for 3 days. Control cellsevieept in the same culture conditions without
UVB exposure. At the end of 0-48 hours after thet Hress, the cells were harvested for further
analysis.

SA-B-Gal staining

To detect one of the biomarkers of senescence,ssenee-associate@-galactosidase
(SA-B-Gal) staining was performed [31]. After a serié$ @xposures to UVB at 4 mJ/dcells
were cultivated for another 48 h in complete meditilme cells were fixed and incubated at 37°C
with fresh SAB-Gal stain solution (Beyotime, Shanghai, China). e Tmumber of
SA-B-Gal-positive cells was determined by counting 568lls in each well using the
phase-contrast microscopy EVOS Original (AMG, Milteek, WA) the proportions of cells
positive for the SA3-Gal activity are shown as percentage of the wahber of cells counted in
each well. The results are expressed as mearpli¢ates + SD.

Deter mination of mitochondrial membrane potential and intercellular ROS

Intracellular reactive oxygen species (ROS) were terd@ned with
2'7’-dichlorodihydro-fluorescein diacetate (DCFH-DPABeyotime, China). RDFs were seeded
into 96-well plates. After preloading Lmol/L of DCFH-DA for 30 min at 37°C, RDFs were
exposed to UVB irradiation at a single dose of 1Wamf. The signal of 2 7-dichlorofluorescein
(DCF, the oxidation product of DCFH-DA) was themiediately observed using the ArrayScan
VII (Thermofisher, Waltham, MA) at excitation waeelgth of 488 nm and emission wavelength
of 525 nm. By the Build-in image analysis softwatiee average fluorescence intensity from
randomly selected fields (60 for each group) waasueed.

To monitor the mitochondrial membrane potentiaffluorescent probe JC-1 (Beyotime) was
used. JC-1 can selectively enter into mitochonanid reversibly shift fluorescence color from red
to green in a potential-dependent manner, which nsyeaitochondrial membrane potential
decrease. After a single dose of UVB irradiatio@mJ/cri, RDFs were incubated for another
24 hours and then treated with JC-1 for 20 min78C3 Subsequently, the cells were washed and

respectively showed red fluorescence (Ex=485nm, ®hsm) and green fluorescence
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(Ex=525nm, Em=590nm). The digital images were phi@phed by ArrayScan VII and the
average fluorescence intensity from randomly setetields (60 cells per group) was measured by
build-in image analysis software.

Céll viability assay

The effect of UVB on cell viability was determinagsing Cell Counting Kit-8 (CCK-8)
(Biotool, Houston, TX) according to manufactureirstructions. Briefly, 4x1bcells per well
were seeded in a 96-well plate. After overnightulmation, the cells were treated with 100 mg/ml
of AST for 24 h before exposed to a dose of 10 mif UVB and then cultured in DMEM for
another 24 h. 1@l of CCK-8 reagent was added to each well for Zhe absorbance was finally
measured at 450 nm using Flex Station 3 (Moledd&irice, Sunnyvale, CA). The cell viability of
UVB-treated fibroblasts was described as a pergentampared to the non-treated cells, and the
control cells were considered to be 100% viable.

Immunoblot and immunostaining analysis

Cells were lysed in RIPA lysis buffer (Beyotime)pplemented with protease inhibitor
(Thermo). The protein concentration was determingidg the BCA protein assay reagent. After
denaturation, lysates with equally 2@ to 30 ug of protein were separated by 8%—-12%
SDS-PAGE and transferred onto Immobilon-P Trankfembrane (Millipore). Membranes were
blocked with Tris-buffered saline with 0.1% Twee@ @BST) containing 5% skimmed milk
(Fudebio, Najing, China) and then incubated ovédrinaj 4°C with different primary antibodies.
Detection was achieved using peroxidase-conjugseedndary antibodies and by ECL detection
system-ImageQuahts 4000 (GE, Uppsala, Sweden).

RDFs plated on coverslips were fixed with 4% pamatddehyde for 15 min at room
temperature. Permeabilization was performed will90Triton-X-100 followed by blocking with
10% goat serum solution at room temperature for. The cells were further incubated with
primary antibodies of vimentin overnight at 4°Cddhen incubated with Alexa Fluor 488-labeled
secondary antibodies for 1 h at room temperaturgclell were stained with 5 pg/ml of 4/,
6-diamidino-2-phenylindole (DAPI). After washed WiPBS, the coverslips were inspected with
EVOS FL Auto Imaging System.

RNA extraction and real time PCR

RDFs were seeded into 6-well culture plates andteéce with a series of UVB irradiation
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mentioned above. At 48 h after the last stresal tatllular RNA was extracted using the RNAiso
Plus (Takara, Dalian, China) and quantitated by ddasp 2000 (Thermo). Afterwards, the
obtained RNA was converted to cDNA using Revert Aidst Strand cDNA Synthesis Kit
(Thermo) by PCR thermal cycler (Eppendorf, Hamb&wgrmany). The real time PCR assay was
performed on iCycler iQ system (Bio-Rad, Herculgs,) using SYBR-Green Quantitative PCR
kit (Toyobo, Osaka, Japan). Sequences of the psiomsad in this study were listed in table 1.
Satistics

Data are presented as means + SD of at leastitidependent experiments. Differences were
evaluated by one-way analysis of variance postDwre net's, using GraphPad Prism. A p-value

of less than 0.05 was considered statisticallyiSaamt.

Results
1. Establishment of a photoaging model in rat dermal fibroblasts

To establish the photoaging cell model, RDFs werdaied from skin tissue of new-born
laboratory SD rat. Most of the primary cells arsstfiidentified as vimentin positive with the
spindle shape and clear contour (Fig. S1A). In otddest the appropriate influence of UVB that
caused RDF senescence, the [B@al staining was applied to identify the senesaetls. The
percentage of positive cells in the non-UV irraidiatwas low but significantly high at a series of
4 md/cni of UVB-exposure (Fig. 1A). We then compared seeese related proteins such as p21
and p53, which were hallmarks of senescent ceiid, faund p21 was apparently enhanced
especially at the intensity of 3-5 mJfcof repeated UVB exposures and p53 expression isas a
up-regulated in a dose-dependent manner. (Fig. JLIESGnsistent to the protein expression, p21
was also confirmed by RT-PCR (Fig. 1D). To assémss regulatory effect of UVB on the
production of other senescence-associated proieiRDFs, the transcriptional changes of p16,
IL-6, IL-13 and TNF were investigated by RT-PCR. As expected, UVBdiadon increased
MRNA level of those pro-inflammatory cytokines, liyedependent kinase inhibitor significantly
(Fig. 1D). Those findings indicated UVB irradiatimould enhance senescence-related proteins
and UVB-induced photoaging model using RDFs waaldished successfully
2. AST represses UVB-induced collagen-I reduction and photoaging

The Coll is the dominant type of collagens foungkin. As a key marker of photoaging, the
9



formation and degradation of Coll was sensitive)WB-irradiation. As shown in figure 2A, the
Coll level of RDFs decreased gradually in a dogeddent way under UV-irradiation. Then we
compared the effect of four active ingredients ™ At the same concentration of 10§/ml. For
photoaged RDFs, AST is the only one that couldake¥he protein level of Coll significantly
(Fig. 2B). Different from the changes of Coll, bdflol3 and MMP3 protein level were just
slightly affected by 10Qug/ml of ASI, APS, ASF, and AST, respectively (datat shown). The
remarkable role of AST in the regain or recovergofl during photoaging was further confirmed
by different doses of AST (Fig. 2C). However, tlusetresponse effect of AST on the expression
level of Coll was not observed in non-irradiatetisc@lata not shown). We further investigated
the anti-photoaging effect of AST. Determined bg thassical biomarker of cellular senescence,
SA-B-Gal activity, AST could reduce the number of UMBadiated aged cells (Fig. 2D). Thus,
AST rather than other components of AM could repréb/B-induced Coll reduction and
photoaging.
3. Protective effects of AST on oxidative stress and cytotoxicity

Since increased intracellular level of ROS is oh¢he main causes for cellular senescence,
ROS generation in response to UVB irradiation wentevaluated using the probe of DCFDA.
After the application of AST, the ROS level was kaally attenuated (Fig. 3A), indicating AST
could function as an anti-oxidant. Next, the mitmatiria health was detected using JC-1 staining.
As shown in figure 3B, mitochondrial depolarizatimas indicated by a decrease in the red/green
fluorescence intensity ratio after UVB-irradiaticemd such depolarization could be reversed by
the use of AST. Since AST shows stronger protecti@pability of anti-oxidative stress and
mitochondria health, we want to know whether ASTldan turn increase the cell viability of
photoaged RDFs. As shown in figure 3C, 1@0ml of AST neither increased nor suppressed the
cell viability significantly, however, under therets of UVB irradiation, the application of AST
could remarkably reverse the cell viability declinghich indicted the cyto-protective effect of
AST against UVB irradiation. We further analyze@ tbrotein expression level of caspase 3, an
indicator of apoptosis which could be cleaved io@ptic cells and p53, a protein that regulates
the cell proliferation. In figure 3D, cleaved caspa3 and p53 were enhanced after
UVB-irradiation compared to control group. Howeviath proteins were reduced significantly

after adding AST, suggesting AST may inhibit apsfg@nd promote cell growth to enhance cell
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viability. Taken together, AST could prevent phged RDFs from oxidative stress with
mitochondria dysfunction and increase cell viapilitrough its anti-apoptosis properties.
4. ERK and p38 signalsareinvolved in collagen-I degradation

The effects of AST on the mRNA expression of MMPsl aCAM1 were determined using
RT-PCR. Under the stress of repeated UVB irradiatio RDFs, the mRNA expression level of
those pro-inflammatory cytokines Il3land IL-6, and cyclin-dependent kinase inhibitorl p2
showed markedly increase and could be reversed thfteadministration of AST (Fig. 4A), but
AST did not reduce TNEtranscription. Exposure of RDFs to UVB also sigmifntly increased
the mRNA expression of MMP1, 3, 9, 13 and ICAM1d dreatment of AST at 100 pug/ml could
significantly reduce the transcription of MMP1 a#1P13, which both function as collagenase
in rat, and MMP9 comparable to those UVB-irradiatells without AST treatment (Fig. 4B). But
ICAM1 and MMP3 did not alter when AST was applietiieh is consistent with the protein
expression of MMP3 (data not shown). UV-irradiatioould activate MAPK by increased
intracellular ROS, and the digestion of collagens tb the upregulation of MMPs, subsequently
leading to photoaging. As shown in figure 4C, ERiA 938 signals of MAPK subfamily were
phosphorylated by UVB as expected while the apptinaof AST dramatically attenuated such
activation of ERK, p38 and Coll degradation cleatlgnsidering that JNK is one of the MAPK
subfamily like p38 and ERK, we also detected thevaiton of JNK, but we did not observe the
phenomenon of JNK activation as the same as p38sieries of doses of UVB irradiation (Fig.
S1B, Fig. S1C). These findings indicated that ASlild modulate Coll through the inhibition of
ERK and p38, both are well-known classic signal®lived in the degradation of Coll led by UV
irradiation.
5. UVB-suppressed autophagy could bereversed by AST

Intriguingly, when RDFs were with UVB, the protdevel of lipidated-LC3 (LC3-Il), a widely
used marker for autophagy, decreased dramaticathyeadoses higher than 2 mJfc(Rig. S2A),
suggesting autophagy might be suppressed by U\dBiation. Among the four ingredients of AM,
AST shows the strongest capability to rescue UMiioed LC3-1l level (Fig. 5A). The
ubiquitin-associated protein p62 that binds to L&2® be degraded by functional autophagy. So
p62 was thought as an important marker for the dgtidn of autophagy, clearance of protein

aggregates and the inhibition of autophagy [15]fidnre 5B, both the reduction of p62 and the
11



induction of LC3-Il could be stimulated by AST indase-dependent manner during photoaging.
Next, we measured the autophagy flux by lysosont@bitor CQ to elucidate the effects of AST
on autophagy. As shown in figure 5C, in photoagiogdition, CQ could block the degradation of
basal LC3-Il and further increased the level of LIC®nce AST was added. Meanwhile, the
degradation of p62 was enhanced by AST, but furthecked by CQ, suggesting AST could
initiate autophagy instead of blocking autophagy.fiMoreover, in non-irradiation condition, like
rapamycin (Rap), AST increased the accumulatiobG8-11 and the degradation of p62 in RDFs
as well, indicating AST is an autophagy inducel@th normal cells and photoaged cells (Fig. 5D).
The autophagy flux could be suppressed by autopimdglyitors 3-MA and CQ at both early stage
and late stage. Those data indicated UVB-irradiatibited autophagy initiation and AST could
reverse such inhibition efficiently.
6. AST upregulated UVB-reduced collagen-1 by autophagy activation

Since UVB could accelerate both Coll reduction antbphagy inhibition (Fig. S2B), we
sought to know whether autophagy was involved ifL@armation and degradation. As shown in
figure 6A, UVB-reduced autophagy could be revergediually by of AST in line with the regain
of Coll, suggesting activating autophagy might eéptul to generate Coll. The application of
3-MA which was used to repress the early stage ubbpdnagy induction further attenuated
UVB-reduced Coll formation compared to irradiatigroups with AST (Fig. 6B). To further
validate the role of autophagy in the regulatiorCofl, another autophagy inhibitor CQ was used
to block autophagy degradation at the late stamge @€). In photoaged RDFs, the degradation of
Coll could be blocked by CQ alone and further aadatad when combined with AST
significantly, indicating the generation and degtimh of Coll depends on the functional
autophagy flux. For normal cultured cells, howeveme of the autophagy inhibitors 3-MA and
CQ, or autophagy inducers AST and rapamycin cogidificantly accumulate Coll, suggesting
the protective role of autophagy in modulating Cfddmation in normal cells is different from
that in photoaged cells (Fig. 6D). Altogether, thdata demonstrated that inhibiting autophagy by
UVB-irradiation could impair Coll formation and eeabate photoaging, while AST might

upregulate UVB-reduced Coll by autophagy activation

Discussion
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Naturally occurring drugs or botanical ingrediehizve attracted considerable attention as
antiaging agents for the use of human skin carskior diseases [9, 32]. As a popular Traditional
Chines Medicine, AM has been widely used due toaitsi-oxidant, anti-inflammatory, and
cardio-protective properties. However, little isokwn about its anti-photoaging effects. In this
paper we studied the protective effects of thevacingredients of AM on UVB-induced
photoaging and demonstrated their probable meaimamssng RDF cell model. We found AST not
only reversed the decrease of cell viability anitative stress caused by UVB-irradiation, but
also rescued the Coll degradation through ERK &8dopit not JNK inhibition in photoaged cells.
Importantly, we found UVB could suppress autophaggt reduce the formation of Coll, and such
effects could be suppressed by AST due to its &aigyp induction properties (Fig. 7). Our study
indicated for the first time that AST could protaslls against photoaging efficiently through
autophagy activation.

Skin fibroblasts are the most common cells of dsrmihich play an important role in the
process of photoaging [33]. For photoaging studynary cells, rather than stable cell lines, are
preferred in studies of cell senescence, apoptasid, DNA repair, because infinite cell lines
would not enter into the permanent growth arrestedhreplicative senescence. Therefore, UVB
irradiation to primary cells could mimic the red@usation of skin aging for UV exposure to the
greatest extent. To avoid the interference of amslpf cell proliferative capabilities between
intrinsic senescence and photoaging, the earlyagagsrimary rat dermal fibroblasts isolated from
neonatal rats’ dermis were suitable for the follogviinvestigation about cellar mechanism
involved in UVB-induced photoaging. Although UVBddiation is more effective than UVA in
inducing skin photoaging, the specific wavelengtgponsible for it are still not well known. The
broad band UVB is generally thought to be the nwnse of skin photoaging because of its
intense influences on histological, physical, aigible skin change which are resemble to that
occurring in natural skin aging [34]. However, mavrband UVB could also be used to establish
both animal and cellular photoaging models evemghoits capability of causing photoaging is
less potent [35, 36]. Therefore, it is acceptableuse the narrow band UVB for photoaging
cellular model in this study. Triggered by UVB wdiation, senescent cells would be characterized
by growth arrest, enlarged and fattened cell mdg@yp higher SAB-Gal activity, and increased

expression of cell cycle inhibitors p21, p16, ad P30, 33]. According to those aging markers,
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AST strongly reduced the SB-Gal activity, p53 expression, and the apoptosielleAlthough
ASI was also reported to show anti-aging effectauman dermal cells [37, 38], it did not work
well in this study according to the §AGal activity, which might because of the differeraf cell
models and irradiation stress. Even if APS and AB&wed the effect of reduction of JAGal
activity as the same as AST, they performed notogseverse the degradation of UVB-induced
Coll. These results suggest AST is an efficientineaproduct of AM to prevent UVB-induced
skin cell photoaging.

Intracellular ROS levels and oxidative stress degated during UV irradiation, mitochondria
damage, and toxins [39]. Oxidative stress, a magtrfactor underlying cellular senescence and
photoaging may lead to the activation of MAPK-mégliasignal pathway followed by activation
of transcriptional factors NF-kB and AP-1. Then thression of pro-inflammatory cytokines
IL-1B, IL-6, and TNFe that may be involved in immune regulation and leapghoto-damage were
induced [37]. Intercellular adhesion molecule-1ANE-1) is another molecule involved in the
inflammatory response that is overexpressed in seemé cells and aged tissues [40]. Cells
undergoing senescence are also associated witlexpression of those cytokines due to an
age-related redox imbalance. Antioxidant polyphenbbve been shown to suppress the
UV-induced pro-inflammatory cytokines of Ilaland IL-6 in the dermis [41]. The data in this
work revealed that consistent with the anti-oxiateffect, the levels of these cytokines were
markedly reduced in the cells treated with ASTrdfteB irradiation.

Recent studies indicated that chronologically aged UV-irradiated skin share important
molecular features including altered signals thatmpted MMPs expression which were mainly
mediated by pro-inflammatory cytokines. Eventualtiley may lead to decreased collagen
synthesis, and connective tissue damage [42]. Gdiie most abundant structure protein in the
skin and connective tissue that could be degrageMMP-1, so these properties make MMP1
and Coll attractive targets for the pharmacologiealelopment of anti-photoaging agents [43]. It
is well established that expression of MMP1 is oaligd by NF«xB and AP-1 activation, which
would be activated upon UV irradiation following NPX cascades. In the present study, we
showed that AST notably down-regulated UVB-indub&dP1, MMP9 and MMP13 followed by
ERK and p38 activation, suggesting that ERK and péght be important signals for AST in

regulating the formation and the degradation ofl@hlring photoaging.
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It has been reported that the autophagy is invoimethe aging process. On the one hand,
autophagy function and activity decrease in agadamdermal fibroblasts due to the impaired
degradation of autophagy [18]. On the other hand;idluced ROS production leads to the
activation of autophagy. However, our model shoveug-term exposures of UVB mainly
inhibited the initiation step of autophagy with acdease of LC3-1l. Microtubule-associated
protein 1A/1B-light chain 3 (LC3) is a soluble et that is ubiquitously expressed in
mammalian tissues and cultured cells, which is @ased with autophagy. Two forms of LC3,
called LC3-I and LC3-Il, were produced by post-glation in various cells. LC3-l is cytosolic
whereas LC3-ll is recruited to autophagosomal memés. Thus, lysosomal turnover of the
autophagosomal marker LC3-Il reflects autophagitvities [44]. Those works indicated that
autophagy may play complex regulatory roles in @@ind photoaging stress response in different
context. Among the main ingredients of AM, APS wegorted to inhibit the autophagy induced
by H,O, in C2C12 myoblasts, and improves cardia functifteraR-induced injury through
reducing cardiomyocytes autophagy [45], while ASduld reverse the Ang ll-induced
mitochondrial dysfunction by enhancing mitochondaatophagy [46, 47]. In addition, AST can
reduce apoptosis and autophagy through decreasiagokidative stress, ER stress and
mitochondrial dysfunction in PC12 [48]. Howeverneoof them have been studied to modulate
autophagy in photoaged skin fibroblasts. Here, Ai8ionstrated the obvious activity to induce
autophagy in both normal cells and photoaged aeits the up-regulation of autophagy flux
activity. So, this work discloses a novel funct@AST as an autophagy inducer in RDFs.

The most remarkable feature of photoaged skineddks of dermal collagen histologically [32].
When AST was applied to UVB-irradiated RDFs, simtia the pattern of autophagy regulation,
the decrease of Coll was blocked dramatically sstggethe autophagy activity might be tightly
connected to the formation of Coll. Autophagy ha&erb reported to promote intracellular
degradation of Coll to suppress kidney fibrosisnice and affect cardia remodeling [48, 49].
However, few studies were reported on the moduladfcautophagy on skin dermal fibroblasts. In
photoaged RDFs, the production of Coll requiredah®phagy induced by AST and could be
attenuated by autophagy inhibitor 3-MA. Once tteo§ome degradation was blocked by CQ, the
accumulation of Coll would be enhanced. Differentrf the role of autophagy in other tissues,

AST-induced autophagy benefits the formation of ICwalihile the degradation of Coll also
15



depends on functional autophagy flux in photoagedndl fibroblasts. Intriguingly, such Coll
accumulation could not occur in the normal cultucedls despite using autophagy inducers or
inhibitors suggesting the role of autophagy in mating the formation of Coll might be
stress-dependent.

Taken together, the present study provides the dwvglence that AST protected RDFs from
UVB-induced photoaging. On the one hand, UVB caunlduce ROS generation in the RDFs,
which is critical for the photoaging progressiol® R subsequently activated MAPK subfamily of
ERK and p38 but not JNK, which would inhibit coldrination and lead to photoaging, and AST
could reverse this process by alleviating ROS acdation after UVB irradiation. On the other
hand, UVB-induced photoaging repressed the autoplegivities and AST, as an autophagy
inducer, initialed autophagy in both normal RDF& gmotoaged RDFs, thus AST enables the
autophagy flux to be functional in photoaged RDE8.AST also performs its anti-photoaging
effects and accelerates coll formation throughehelation of autophagy (Fig. 7). Based on these
findings, AST could have good potential as an photoaging agent for therapy purpose.
However, it should also be noted that the resuftshis study were based on experiments
performed usingn vitro cellular model. Accordingly, further studies usingvivo animal models
would be considered. In addition, to separate #mbd monomers of AM would be helpful to

understand their function in depth such as thé@srm autophagy regulation.
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Figure Legends

Figure 1. Identification of photoaged rat dermal fibroblasts

A, SA-B-Gal staining of RDFs at 48h after treating with without 6 exposures of UVB (4
mJ/cnf). Quantitative analysis of SB-Gal-positive cells. At least 500 cells were codrite each
well. B-C, Immunoblot and quantitative analysisp@l and p53 expression level of RDFs under
indicated doses of repeated UVB treatments. D, diete of the mRNA level of p21, p16, ILB1
IL-6, and TNF: of RDFs treated by 6 exposures of UVB (4 mJjcasing p-actin as loading
control. Data are presented as means + SD frore thdividual experiments;P<0.05, **P<0.01,

*** P<0.001.

Figure 2. AST suppress UVB-induced collagen-I degradation and photoaging

A, Immunoblot analysis of Coll of RDFs treated by J/cni of UVB for 6 times. The relative
protein expression of Coll was quantified. B, Imwiniot analysis of Coll of RFDs treated with
or without 100ug/ml of ASI, APS, ASF, and AST for 48h before 6 espres of UVB (4
mJ/cnf).CM refers to complete medium. The relative protekpression of Coll was quantified.
C, Immunoblot analysis of Coll of RDFs treated bgxposures of UVB (4 mJ/@nfollowing
with 0 to 100ug/ml of AST for 48h. The relative protein expressiof Coll was quantified. D,
SA-B-Gal staining of RDFs treated by 6 exposures of U¢BnJ/c) with or without 100ug/ml

of AST for another 48h. Quantitative analysis of-@&al-positive cells. At least 500 cells were
counted in each well. Data are presented as meaBP from three individual experiments;

*P<0.05, *P<0.01, ***P<0.001.

Figure 3. Anti-oxidative and cyto-protective effects of AST

A, Quantitative analysis of DCF-positive RDFs tegaby 10 mJ/chof UVB after incubation
with or without 100ug/ml of AST for 24h. At least 600 random cells weoered for each group.
B, RDFs were treated as (A), and stained by JCGer @#h of UVB irradiation. C, RDFs were
treated by 0-10 mJ/chof UVB after incubation with or without 108g/ml of AST for 24h, cell
viability of each group was measured by CCK-8 footaer 24h. D, Immunoblot and quantitative

analysis of cleaved caspase 3 and p53. Data aseresl as means + SD from three individual
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experiments; P<0.05, **P<0.01, **P<0.001, NS: not significant.

Figure 4. AST repressed UVB-induced collagen-I reduction through ERK and p38 inhibition
A-B, Detection of the mRNA level of p21, ILB1IL-6, TNFoa, MMP1, MMP3, MMP9, MMP13
and ICAM1 of RDFs treated with 6 exposures of UMBT{J/cm) usingp-actin as loading control.
C, Immunoblot and quantitative analysis of Col1p38, p38, phosphorylated ERK (p-ERK), and
total ERK of RDFs treated by 6 exposures of UVB&/cnf) after incubation with or without
100 ug/ml of AST for 48h. Data are presented as mea8B from three individual experiments;

*P<0.05, *P<0.01, NS: not significant.

Figure 5. UVB-inhibited autophagy could be reversed by AST

A, Immunoblot and quantitative analysis of LC3 oD treated by 6 exposures of UVB (4
mJ/cn?) with or without 100ug/ml of ASI, APS, ASF, and AST for another 48h.IBmunoblot
and quantitative analysis of LC3 and p62 of RDEated by 6 exposures of UVB (4 mJfymith

0 to 100ug/ml of AST for another 48h. C, Immunoblot and diitative analysis of p62 and LC3
of RDFs treated by 100g/ml of AST with or without 1QuM of CQ and by 1QuM of CQ alone
for 48h. D, Immunoblot analysis of p62 and LC3 @ without exposures of UVB (4 mJ/&m
followed by 100ug/ml of AST or 0.5uM of rapamycin (Rap) plus 5 mM of 3-MA or 1M of
CQ for 48h. Data are presented as means = SD fiwae tindividual experiments;P0.05,

**P<0.01, ***P<0.001.

Figure 6. AST upregulated UVB-reduced collagen-1 by autophagy activation

A, Immunoblot analysis of Coll and LC3 of RDFs teghby 6 exposures of UVB (4 mJ/gm
followed by 0 to 10Qug/ml of AST for 48h. B, Immunoblot analysis of Caihd p62 of RDFs
treated by 6 exposures of UVB (4 mJfytiollowed by 100ug/ml of AST plus 5 mM of 3-MA for
48h. C, Immunoblot analysis of Coll and p62 of REEated by 6 exposures of UVB (4 mJfzm
followed by 100ug/ml of AST plus 10uM of CQ for 48h. D, Immunoblot analysis of Coll of
normal RDFs without repeated UVB irradiation trelatey 100 ug/ml of AST or 0.5uM of
rapamycin (Rap) with or without 5 mM of 3-MA or 1M of CQ for 48h. Data are presented as

means = SD from three individual experiment®<®.05, *P<0.01, ***P<0.001, NS: not
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significant

Figure 7. Putative model of the signaling pathways of AST in protecting photoaged cells from

UVB-induced senescence
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Table 1. Primersfor real time PCR

Target Gene Sequence
p21 F: TGTGATATGTACCAGCCACAGG

R: CGAACAGACGACGGCATACT
pl6 F: CTCCGAGAGGAAGGCGAAC

R: TTGCCCATCATCATCACCTGTA
IL-1B F: GCTTCCTTGTGCAAGTGTCT

R: TCTGGACAGCCCAAGTCAAG
IL-6 F: CATTCTGTCTCGAGCCCACC

R: GCTGGAAGTCTCTTGCGGAG
TNFa F: GATCGGTCCCAACAAGGAGG

R: CTTGGTGGTTTGCTACGACG
MMP1 F: TCAGCATGCTTAGCCTTCCT

R: AGGTATTTCCAGACTGTTTCCAC
MMP3 F: TTTGGCCGTCTCTTCCATCC

R: GCATCGATCTTCTGGACGGT
MMP9 F: GCTGGCAGAGGATTACCTGT

R: TGGCCTTTAGTGTCTCGCTG
MMP13 F: GACAAGCAGCTCCAAAGGCTA

R: AGCTCATGGGCAGCAACAAT
ICAM F: ACAGCTCCTCTCGGGAAATG

R: CAACAGTAAATGGTTTCTCTTGAAC
B-actin F: AGATCAAGATCATTGCTCCTCCT

R: ACGCAGCTCAGTAACAGTCC
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Figure S1. Identification of rat dermal fibroblasts and the influence of UVB on JNK
pathway

A, Immunostaining of isolated RDFs by vimentin apotly (green), and nuclei staining by
hoeschst33342 (blue). B, Immunoblot analysis ofsphorylated p38 (p-p38), total p38 of RDFs
treated by 0-5 mJ/chof UVB for total 6 times. C, Immunoblot analysisphosphorylated JNK

(p-INK), total INK of RDFs treated by 0, 2, 3, 4n3/cnf of UVB for total 6 times in 3 days.

Figure S2. Repeated UVB irradiation inhibited the expression of collagen-l and autophagy
by a dose-dependent manner

A, Immunoblot and quantitative analysis of LC3 dbiRs treated by 0-5 mJ/énof UVB for 6
times. Data are presented as means + SD from thddddual experiments. B, Immunoblot

analysis of Coll and LC3 of RDFs by 0-5 mJahUVB for 6 times; P<0.05.
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