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This study investigated the potential protective effects of alpha-mangostin (¢-MG) on ultraviolet B (UVB)-induced damage in
HaCaT cells. The results showed that a-MG less than 10 uM had no significant cytotoxicity and exposure to UVB (50 mJ/cm?)
reduced cell viability by approximately 50% compared with the control. The 2uM «a-MG upregulated cell viability and
downregulated the expression of metal matrix proteases (MMPs). The results of flow cytometry, real-time quantitative PCR (RT-
qPCR), and immunoblotting manifested that a-MG relieved the extent of apoptosis and reduced the levels of apoptosis-associated
mRNAs and proteins, respectively. The results of RT-qPCR and ELISA indicated that a-MG suppressed the generation of IL-6 and
TNF-a. Furthermore, a-MG effectively downregulated activation of the UVB-induced nuclear factor kB (NF-«xB) and mitogen-
activated protein kinase (MAPK) signaling pathways. Finally, lipidomics profiling demonstrated that a-MG significantly reduced
UVB radiation-increased ceramide. Overall, these results demonstrated that a-MG has beneficial effects against photoaging by
reducing the ceramide content and inhibiting MAPK and NF-«B signaling pathways.

1. Introduction

There are various factors that affect the aging of the skin,
such as ultraviolet (UV), air pollution, oxidative stress, and
heredity, among which photoaging plays a principal role in
skin aging, and skin photoaging approximately accounts for
80% in skin aging [1]. A major reason of skin photoaging is
exposure to UV in sunlight, which alters the composition of
skin cells and causes the loss of components of the extra-
cellular matrix (ECM), thereby damaging the skin [2, 3]. The
UV can be partitioned into three regions depending on

different wavelengths, respectively, including ultraviolet A
(UVA) (320-400 nm), ultraviolet B (UVB) (290-320 nm),
and ultraviolet C (UVC) (200-290 nm). Since the great
majority of UVC is absorbed by the ozone layer before
reaching the earth, it can be concluded that the two critical
types of UV that cause skin damage are UVA and UVB. In
particular, UVB which is capable of causing skin sunburn
has about 1000 times genotoxicity than UVA [4]. Constant
exposure to UVB over a long period results in damages such
as skin erythema, sunburn, oxidative damage, apoptosis,
inflammation, and sometimes even skin cancer [2, 3, 5].
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When HaCaT cells were irradiated by UVB, nuclear
factor kappa B (NF-xB) and mitogen-activated protein ki-
nase (MAPK) pathways were activated. The transcription
factor of NF-«B is a heterodimer composed of the subunits
of p50/p65. NF-«B induces the expression of inflammatory
factors such as IL-6 and TNF-«a through a cascade reaction
in vivo, resulting in skin inflammation [6-8]. Since it has
been reported that 12-HHT inhibits UVB-induced IL-6
synthesis via the negative regulation of P38 MAPK and
the subsequent suppression of NF-xB activity [8]. MAPK
belongs to the family of serine and tyrosine kinase, including
extracellular signal-regulated kinase (ERK), c-Jun N-
terminal kinase (JNK), and P38 MAPK, which are in-
volved in cell multiplication, differentiation, apoptosis, and
inflammation [8, 9]. In various cell apoptosis, overexpressed
ceramides (Cers) may provoke apoptosis by directly par-
ticipating in ROS generation through the modulation of
MAPK signaling pathways [10-12]. These cascades of bio-
chemical alterations ultimately lead to cells’ death by diverse
mechanisms, including B-cell lymphoma-2 (Bcl-2) de-
pletion, Bcl-2-associated X protein (Bax) increase, and
caspase-3 activation [9].

Alpha-mangostin (¢-MG) is a major xanthone com-
pound widely found in mangosteen pericarp [13]. It was
confirmed to possess various bioactive functions including
anti-inflammatory, antiapoptosis, anticancer, and antioxi-
dant effects [14-16], and it has also been identified as an
inhibitor of acid sphingomyelinase (ASM) [17]. ASM, which
hydrolyzes sphingomyelin (SM) to Cers and phosphor-
ycholine, is considered to be a key target of Cer production
upon UV irradiation [18, 19]. a-MG improves endothelial
dysfunction in diabetic mice through the inhibition of Cer
[20]. Cers are important structural components of the
epidermis, which plays a key role in maintaining homeo-
stasis of the human body [20]. In addition, Cers also act as an
active second messenger, regulate keratinocyte proliferation
and differentiation, and enhance proinflammatory cytokines
production [21]. Although study has shown that «-MG has
an antiphotoaging effect [22], mechanisms of a-MG in
protecting the skin from UVB damage still lack in-depth
study. Therefore, we committed to studying the protective
effect of a-MG for HaCaT cells against UVB irradiation and
its potential molecular mechanism. This study aimed to
provide both a theoretical and experimental basis for the
development and application of «-MG; thereupon,
a ceramide that is a prominent manifestation in the process
of photoaging is disclosed.

2. Materials and Methods

2.1. Materials and Reagents. a-MG (purity: HLPC >98%)
(IM0500) and the IL-6 ELISA kit (SEKH-0013) were pur-
chased from Solarbio (Beijing, China). The annexinV-FITC
apoptosis assay kit was obtained from UE (T6013L, Suzhou,
China). The reverse transcription kit was purchased from
YEASEN (11150ES60, Shanghai, China), and Eastep™ qPCR
Master Mix (2X) was purchased from Promega (LS2062,
Beijing, China). The bicinchoninic acid (BCA) protein assay
kit was provided by CWBIO (CW0014, Beijing, China).
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Chloroform was of HPLC grade and was obtained from
Honeywell (AH049-4, Morris Tow., USA). Methanol was of
HPLC grade and was purchased from Fisher chemical
(A452-4, Shanghai, China). Ammonium hydroxide solution
was provided by Sigma-Aldrich (05002-1L, Missouri, USA).
The UVB source employed is a Sigma SH4B light therapy
device (Shanghai SIGMA High-tech Co., Ltd., Shanghai,
China), with wavelength ranging between 311 and 313 nm
and having a peak wavelength of 313 nm.

2.2. Cell Culture. The HaCaT cells (CL-0090, Procell) were
cultured in Dulbecco’s modified eagle medium (DMEM)
(Gibco, USA) supplemented with 10% fetal bovine serum
(FBS, Biological Industries, Israel) and 1% penicillin-
streptomycin (Gibco, USA) at 37°C in a humidified atmo-
sphere aerated with 5% of CO,.

2.3. UVB Irradiation and Administration. Dissolve the ap-
propriate amount of a-MG in DMSO to prepare a 10 mM
stock solution and then directly dilute the stock solution to
the appropriate concentration with DMEM (complete me-
dium). HaCaT cells were allowed to grow an appropriate
abundance and then the treatment group was treated with
a-MG at a concentration of 2 yM. After 2h, the complete
culture medium of DMEM (complete medium) was
substituted with PBS and then the cells were irradiated in
UVB (50 mJ/cm?). The PBS was removed after the UVB
irradiation, and the culture of cells was sustained for 24 h in
the complete medium for subsequent experiments. The
control group was treated with the same conditions but
without any exposure to UVB irradiation or a-MG treat-
ment, whereas the UV group was irradiated with UVB but
did not receive a-MG treatment.

2.4. Cell Viability. After treatment, cells were incubated for
4h in the culture medium with 10 4L of MTT (5 mg/mL).
After removing the supernatant, 100 uL of DMSO was added
into the complete DMEM. Finally, a plate reader (ST-360,
Shanghai Kehua Biological Engineering Co., Ltd., Shanghai,
China) was used to measure its absorbance at 490 nm.

2.5. Apoptosis. After treatment, cells and supernatant were
collected to assay the apoptosis rates. The annexinV-FITC
apoptosis assay kit was used to perform the experiments
following the manufacturer’s instructions. Apoptotic and
necrotic cells were measured using the EXFLOW flow
cytometer (EXFLOW-206, Changzhou Bidake Bio-
technology Co., Ltd., Jiangsu, China).

2.6. Real-Time Quantitative PCR (RT-qPCR). After treat-
ment, cells were collected and total RNA was extracted using
TRIzol. After quality checking and purification, 2 ug of RNA
was reverse transcribed to cDNA by using the reverse
transcription kit. RT-qPCR was performed using SYBR
Green Master Mix in a Bio-Rad IQ5 detection system.
GAPDH is indexed as an internal reference, and at the same
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time, three wells were set for each sample. The 2744
method was used to calculate the relative content of mRNA.
The upstream and downstream primer sequences of the gene
are listed in Table 1.

2.7. Measurement of IL-6. After treatment, supernatants of
HaCaT cells were collected and centrifuged at 3,000 rpm for
10 min. The ELISA kit was used to measure IL-6 concen-
trations following the manufacturer’s instructions. The ab-
sorbance (A450) was measured using a plate reader with
a detection sensitivity of at least 1.0 pg/mL. The contents of
IL-6 were calculated by interpolating the results onto
a standard curve.

2.8. Immunoblotting. After treatment, cells were washed
three times with PBS and collected in RIPA buffer for 30 min.
The protein concentration was determined by using the BCA
protein assay kit. After electrophoresis, the proteins were
transferred to the polyvinylidene fluoride (PVDF) membrane
(Millipore, Mass., USA). At a temperature of 4°C, we in-
cubated the PVDF membrane with the following primary
antibodies overnight: primary antibodies against GAPDH
(AB0037, Abways Technology, 1:5000), p-P38 MAPK (9211,
CST, 1:1000), P38 MAPK (9212, CST, 1:1000), p-JNK (9255,
CST, 1:1000), JNK (9252, CST, 1:1000), p-ERK1/2 (8544,
CST, 1:1000), ERK1/2 (4695, CST, 1:1000), p-NF-xB (3033,
CST, 1:1000), NF-xB (8242, CST, 1:1000), Bax (2772, CST,
1:1000), Bcl-2 (3498, CST, 1:1000), and caspase-3 (9662,
CST, 1:1000). Membranes were visualized using a chem-
iluminescence analyzer (Bio-Rad, USA). The relative density
of the protein bands were analyzed by Quantity One software.
The densitometry values were normalized by using GAPDH.

2.9. Lipidomics Profiling. After treatment, cells were col-
lected. Lipids were extracted from cells using a modified
Bligh and Dyer’s extraction procedure (double rounds of
extraction) and dried in the SpeedVac under the OH mode
prior to analysis, and lipid extracts were resuspended in
chloroform: methanol 1:1 (v/v) spiked with appropriate
internal standards. All lipidomic analyses were carried out
on an Agilent 1290 UPLC system coupled with a Sciex
QTRAP 6500 PLUS system as described previously [23, 24].
Polar lipids were separated on a Phenomenex Luna Silica
3um column (i.d. 150x2.0mm) under the following
chromatographic conditions: mobile phase A (chloroform:
methanol: ammonium hydroxide, 89.5:10:0.5) and mobile
phase B (chloroform: methanol: ammonium hydroxide:
water, 55:39:0.5:5.5) at a flow rate of 300uL/min and
column oven temperature at 30°C. Individual polar lipid
species were quantified by referencing to spiked internal
standards including SM-d18:1/12:0, Cer d18:1-d,/15:0,
GluCer-d18:1/8:0, and d3-LacCer-d18:1/16:0 obtained
from Avanti Polar Lipids (Alabaster, AL, USA).

2.10. Statistical Analysis. All the data were shown as the
mean + standard deviation (SD) and processed using IBM
SPSS Statistics 19 software. The two-independent-sample

test was performed to assess differences between the two
groups. A level of P <0.05 indicated statistically significant.

3. Results and Discussion

3.1. Effect of a-MG and UVB on Cell Viability. The effect of
different concentrations of a-MG (2, 4, 6, 8, 10, 15, and
20 uM) on the viability of HaCaT cells was assessed by the
MTT method. The results showed that the ICs, value of
a-MG was 19.17uM on HaCaT cells, and there was no
cytotoxicity when its concentration was inferior or equal to
10 uM (Figure 1(a)). The cell viability of cells irradiated with
different UVB doses was assessed using the MTT assay. Like
reported [25], we decided to create a cell model of photo-
aging under a median lethal irradiation intensity of 50 mJ/
cm? (Figure 1(b)).

To determine the potential protective effect that a-MG
exerts on HaCaT cells, we performed MTT assay on
HaCaT cells after exposure to UVB irradiation. After UVB
exposure, the cell viability of HaCaT cells decreased strik-
ingly. a-MG played a positive role in the proliferation of
HaCaT cells. Compared with the UV group, a-MG at 2 uM
enhanced viability of HaCaT cells by 10.24% (Figure 1(c)).
These observations indicate that a-MG has protective effects
in UVB-induced HaCaT cells.

3.2. a-MG Inhibits the Expression of MMPs. MMPs play
a considerable role in the physiological mechanism of skin
photoaging. The action of UV is to transform the connective
tissue of the skin by upregulating the expressions of MMPs
which degrade collagen and other ECM proteins [26, 27].
MMP-1 is a member of the MMPs in the collagenase family.
After being activated, MMP-1 further degrades the collagens
of type I and type III that has been degraded beforehand by
MMP-2 and MMP-9, thereby provoking the degradation of
collagen [26, 28]. Simultaneously, the gelatinolytic activity of
MMP-9 is the central factor for skin damage and wrinkle
formation due to UV [25, 29]. Therefore, the assessments on
the expressions of MMPs have become preliminary in the
process of screening agents against photoaging. In this study,
we examined the mRNA levels of MMP-1, MMP-2, and
MMP-9 through RT-qPCR. UVB irradiation dramatically
increased the expressions of MMPs and a-MG treatment
reversed this trend (Figures 1(d)-1(f)). This result indicates
that a-MG prevents the loss of ECM and has a potential
antiphotoaging effect. Thus, a-MG has the opportunity to be
a candidate drug for the prevention and treatment of
photoaging.

3.3. a-MG Inhibits Apoptosis. Apoptosis is a key factor of cell
growth and homeostasis that maintain normal cell pro-
liferation [30]. In this study, we explored the antiapoptotic
properties of a-MG (Figure 2). As shown in Figures 2(a) and
2(b), UVB irradiation increased the percentage of apoptotic
cells from 6.27% to 65.60%, which was remarkably reduced
to 45.34% by a-MG. The results showed that pretreatment of
HaCaT cells with a-MG was capable of attenuating apoptosis
induced in UVB efficaciously.
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TaBLE 1: Sequence of primers used for RT-qPCR.

Gene names

Forward primer (5'-3")

Reverse primer (5'-3')

IL-6 ACTCACCTCTTCAGAACGAATTG
TNF-« CCTCTCTCTAATCAGCCCTCTG
Bax CCCGAGAGGTCTTTTTCCGAG
Bcl-2 GGTGGGGTCATGTGTGTGG
Caspase-3 CATGGAAGCGAATCAATGGACT
MMP-1 AAAATTACACGCCAGATTTGCC
MMP-2 CCCACTGCGGTTTTCTCGAAT
MMP-9 TGTACCGCTATGGTTACACTCG
GAPDH GGAGCGAGATCCCTCCAAAAT

CCATCTTTGGAAGGTTCAGGTTG
GAGGACCTGGGAGTAGATGAG
CCAGCCCATGATGGTTCTGAT
CGGTTCAGGTACTCAGTCATCC
CTGTACCAGACCGAGATGTCA
GGTGTGACATTACTCCAGAGTTG
CAAAAGGGTATCCATCGCCAT
GGCAGGGACAGTTGCTTCT
GGCTGTTGTCATACTTCTCATGG
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FiGure 1: The protective effect of a-MG in UVB-induced HaCaT cells. (a) HaCaT cells were treated with 2-20 yuM «-MG for 2h and
subsequent complete medium DMEM replacement drug solution continued incubation for 24 h, and cytotoxicity of a-MG was evaluated by
the MTT assay. (b) HaCaT cells were treated with 10-100 mJ/cm?, and cytotoxicity of UVB was evaluated by the MTT assay. (c) HaCaT cells
were pretreated with or without a-MG (2 yuM) for 2 h and then exposed to UVB (50 m]/ cm?). At 24 h after UVB irradiation, cell viability was
determined by the MTT assay. (d-f) MMP-1, MMP-2, and MMP 9 expressmns were detected by RT-qPCR after a-MG pretreatment and

then UVB irradiation (***P < 0.001 vs. the control group,
group; T: treatment group).

The activation of caspase-9 is the major initial step of the
caspase-dependent endogenous apoptotic pathway [31].
Subsequently, downstream caspases or other caspases, in-
cluding caspase-3, -6, and -7, are activated, eventually
leading to cell death. The caspase substrate proteins are
degraded in this process, which is the evidence of the in-
duction of caspase-dependent apoptosis [31, 32]. The acti-
vation of caspase is manipulated by a variety of proteins,
including members from the Bcl-2 family, such as Bcl-2 and
Bax [32]. Therefore, the balance between the proapoptotic
Bax and the antiapoptotic Bcl-2 plays a determinant role in
activating cascade reaction through inducing or inhibiting
caspase, thereby cascading to initiate the intrinsic apoptotic
pathway. For the purpose of further exploring the inhibiting
mechanism of a-MG inhibiting cell apoptosis, we used RT-
qPCR and western blot to examine the mRNA and protein
expression levels of Bcl-2, Bax, and caspase-3. As shown in
Figures 2(c)-2(g), compared with the control group (C), the
ratio of Bax/Bcl-2 and the expression of caspase-3 in the UV

##P <0.001 and ##P < 0.01 vs. the UV group; n = 3-4; C: control group; U: UV

group (U) were considerably increased. Compared with the
U group, the ratios in the treatment group (T) were evidently
decreased. The variations between mRNA and protein levels
are consistent. The abovementioned results indicated that
a-MG has an ability to resist UVB-induced apoptosis.

34. a-MG Decreases IL-6 and TNF-a Production.
Accumulating evidences indicate that after exposure to
UVB, inflammatory response causes skin damage due to its
stimulation on the secretion of inflammatory cytokines,
including IL-6, TNF-a, and COX-2 [26, 33]. Similarly, in the
present study, the HaCaT cells, one of the major targets of
UVB, exhibited higher levels of proinflammatory cytokines
when exposed to UVB. In addition, no matter what cir-
cumstances in which skin damage is caused, keratinocytes
will be induced into excessive multiplication, which is closely
related to the secretion of proinflammatory cytokines [34].
Therefore, it is of great significance to investigate the anti-
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FIGURE 2: a-MG protects HaCaT cells against UVB-mediated apoptosis. (a, b) HaCaT cells were pretreated with or without «-MG (2 yuM) for 2h and
then exposed to UVB (50 mJ/cm®). At 24 h after UVB irradiation, the cell apoptosis rate was determined by flow cytometry. (c, d) GAPDH as an
internal control, the ratio of Bax/Bcl-2, and the expression levels of caspase-3 mRNA were presented. () After a-MG pretreatment and then UVB
irradiation, Bcl-2, Bax, and caspase-3 were detected by western blot. (f, g GAPDH as an internal control, the ratio of Bax/Bcl-2, and the expression
levels of caspase-3 protein were presented (*** P < 0.001, ** P < 0.01, and * P < 0.05 vs. the control group; #Hp o 0.001, ##p < 0.01,and #P<0.05vs.
the UV group; n=3; C: control group; U: UV group; T: treatment group).

inflammatory effects of a-MG on UVB. a-MG protects
HaCaT cells from inflammation in response to UVB radi-
ation. The results demonstrated that the mRNA levels in IL-6
and TNF-a were remarkably upregulated in HaCaT cells
upon UVB exposure, which were reversed by a-MG treat-
ment (Figures 3(a) and 3(b)). ELISA experiments also
confirmed the fact that a-MG reduced the content of IL-6
(Figure 3(c)). The abovementioned results indicated that
a-MG could delay the process of skin inflammation through
the anti-inflammatory effect. These results (Figures 1, 2, and
3(a)-3(c)) from multiple perspectives interpreted that a-MG
provided a high degree of cytoprotection against UV
irradiation-induced phototoxicity.

3.5. a-MG Inhibits NF-xB Activation and MAPK
Phosphorylation. MAPK and NF-«B play pivotal roles in
cellular responses to extracellular signals. Upon stimulation
with predominantly pathological agents, MAPK modulates

the NF-«B activity by modulating its transactivation. The
activated NF-xB complexes translocate from the cytoplasm
to the nucleus and bind to the NF-«B target gene. Many
studies have shown that UVB irradiation induces the acti-
vation of MAPK which can function as the upstream me-
diator of MMP-9 [35, 36]. It has also been reported that NF-
xB increases MMP-9 expression in fibroblasts [37, 38].
Therefore, the phenomena of skin aging, such as UVB-
induced MMP-9 expression, may be associated with the
levels of phosphorylated MAPK and the activation of NF-«B.

It is well known that the NF-«B signaling pathway is also
a classic inflammatory pathway, and it plays a major role in
the production of proinflammatory cytokines in response to
UVB irradiation. Our research showed that the increase in
NF-«B phosphorylation induced by UVB irradiation was
significantly decreased by a-MG (Figures 3(d)-3(f)). These
suggest that a-MG exerts photoprotection through allevi-
ating the inflammatory response to UVB irradiation by
regulating NF-xB signaling.
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FIGURE 3: a-MG inhibited UVB-induced inflammatory reactions. (a, b) IL-6 and TNF-« expressions were detected by RT-qPCR after a-MG
pretreatment and then UVB irradiation. (c) The content of IL-6 in the cell supernatant was detected by ELISA. (d) After a-MG pretreatment
and then UVB irradiation, NF-xB and p-NF-«B were detected by western blot. (e, f) GAPDH as an internal control the expressmn levels of

NF «B, and p-NF-xB proteins were presented (***P <0.001, **P <0.01, and *P <0.05 vs. the control group,

##p<0.001, P <0.01, and

#P<0.05 vs. the UV group; n=3; C: control group; U: UV group; T: treatment group).

The MAPK pathway-related proteins play a major role in
the apoptosis and inflammation in response to UV irradi-
ation [8, 9]. The increase in JNK, P38 MAPK, and ERK1/2
phosphorylation induced by UVB irradiation was signifi-
cantly decreased by a-MG, and UVB and «-MG had no
effect on nonphosphorylated JNK, P38 MAPK, and ERK1/2
(Figure 4). Taken together, these data demonstrate that
a-MG protects HaCaT cells from UVB-induced apoptosis
and inflammation by regulating MAPK signaling
(Figures 2-4). This suggested the possibility that a-MG
might attenuate photoaging-associated changes in vivo and
suppress the inflammation of skin tissues.

3.6. a-MG Inhibits Cer Production. Lipids are important
structural and functional components of the skin. Alter-
ations in the lipid composition of the epidermis are asso-
ciated with inflammation and apoptosis and can affect the
barrier function of the skin [39, 40]. In this study, we in-
vestigated the changes in the lipid metabolism in
HaCaT cells. By UPLC, we analyzed the molecular species of
SM, Cer, glucosylceramide (GlcCer), and lactosylceramide
(LacCer) in HaCaT cells in different groups. The numbers of
lipid identifications are displayed in Figure 5(a). The lipid
heat map analysis in HaCaT cells showed the following
(Figure 5(b)): UVB irradiation leaded to an increase in the
level of SM and its metabolites, such as Cer, GlcCer, and
LacCer. After administration, the SM and Cer contents
decreased and the content of GlcCer increased, while LacCer
had no significant change. The research of Magnoni et al.
showed that UVB irradiation increased the production of
Cer in HaCaT cells, and there was a temporal correlation
between the production of Cer and the apoptosis UVB-
induced [41]. It was also detected that the activation of

neutral sphingomyelinase and ASM was activated when
HaCaT cells were exposed to UVB [41]. Moreover, Okudaira
found that a-MG inhibited ASM with an IC50 value of
14.1 uM (5.8 ug/mL) [17]. In this study, we observed that the
content of Cer in the HaCaT cells UVB-induced increased.
The administration of a-MG reversed this phenomenon.
Combined with the changes of SM, GlcCer, and LacCer pre-
or postadministration, it can be known that the degradation
of SM was alleviated reducing the formation of Cer because
a@-MG inhibited the activity of ASM. In the meantime, the
content of GlcCer (Cer derivative) still increased after ad-
ministration. This indicates that under the intervention of
a-MG, Cer tends to be converted into LacCer, thereby re-
ducing its content. These results showed that after admin-
istration, a-MG on the one hand reduced the generation of
Cer and on the other hand accelerated the conversion of Cer
and ultimately reduced the level of Cer in HaCaT cells,
protecting cells from damage caused by UVB irradiation.
Subsequently, we further analyzed the results and plotted
a Venn diagram (Figure 5(c)) (U group vs. C group and T
group vs. U group, P <0.05). Notably, Cer d18:1/24:1 (a
type of ceramide) had a biological significance in pairwise
comparisons. The heat map of Cer (Figure 5(d)) and the
relative content of Cer d18:1/24:1 (Figure 5(e)) once again
confirmed the trend of Cer that UVB irradiation increased
the content of Cer, and a-MG decreased the content of Cer.
Cer, a lipid messenger, is one of the main mediators that
regulate multiple pathways related to skin cell apoptosis and
inflammation [18, 19]. UVB irradiated promoted cell apo-
ptosis and aggravated the degree of inflammation, while the
administration of a-MG reversed this phenomenon. It in-
dicated that a-MG might inhibit cell apoptosis and in-
flammation in photoaging by reducing the content of Cer. It
has also been reported that Cer is the upstream mediator of
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FIGURE 4: a-MG inhibited the phosphorylation of MAPK pathway proteins. (a, e) After a-MG pretreatment and then UVB irradiation, JNK,
P38 MAPK, ERK1/2, p-JNK, p-P38 MAPK, and p-ERK1/2 were detected by western blotting. (b, d, f, h) GAPDH as an internal control and
the expression levels of JNK, P38 MAPK, ERK1/2, p-JNK, p-P38 MAPK, and p-ERK1/2 proteins were presented (*P < 0.05 vs. the control
group; ##P<0.01 and P <0.05 vs. the UV group; n = 3; C: control group; U: UV group; T: treatment group).

MAPK [10-12]. Therefore, the activation of MAPK and NF-
xB is related to the increase of Cer. Currently, research
studies on Cer d18:1/24:1 basically focus on cardiovascular
disease, diabetes, liver and kidney disease, and Alzheimer’s
disease [42-44]. In human keratinocytes, we disclosed its
changes and effects for the first time. This provides a new
target for other researchers to study skin photoaging.

Besides, Cer d18:1/24:1 is a biomarker of major adverse
cardiovascular and cerebrovascular events (MACEs) [45].
However, this study lacks data to prove that it is a biomarker
of skin photoaging.

In conclusion, the present study demonstrated the
protective effects of ®-MG on UVB-induced photoaging in
HaCaT cells. ®-MG has the potential to protect the skin
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FIGURE 5: a-MG reduced the levels of Cer. (a) The metabolite statistics chart showed the 4 lipids of SM, Cer, GlcCer, and LacCer and their
respective numbers. (b) After cluster analysis, the overall heat map of the four lipids in lipid metabolism was obtained. (c) The Venn diagram
was obtained after further analysis. A represented U group vs. C group; B represented T group vs. U group; P < 0.05. 1 represented Cer d18:
1/24:1. (d) After cluster analysis, the heat map of Cer was obtained. (e) The relative content of Cer d18:1/24:1 in each group was presented
(***P <0.001 vs. the control group; #P <0.05 vs. the UV group; n=3; C: control group; U: UV group; T: treatment group).
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FIGURE 6: Molecular mechanism of a-MG resisting photoaging. Building on the confirmation of a-MG as an inhibitor of acid sphin-
gomyelinase (ASM), we investigated its downstream mechanisms. After UVB irradiation of HaCaT cells, intracellular ceramide levels
increased, leading to the activation of downstream MAPK and NF-«B pathways (phosphorylation of related proteins). This resulted in an
increase in apoptosis-related protein expression (increased Bax/Bcl-2 ratio and caspase-3 content) and inflammatory factors (IL-6 and TNEF-
«), inducing cellular photoaging. The administration of a-MG could reverse these effects. The abovementioned results indicate that a-MG
plays an antiapoptotic and anti-inflammatory role through ceramide, MAPK, and NF-«B signaling pathways, highlighting its potential to

protect the skin from UVB-induced photoaging.

from UVB-induced photoaging, such as MMP-9 pro-
duction, apoptosis-related proteins increase, and in-
flammatory factors production, possibly through the
inactivation of ceramide-MAPK-NF-«B signaling path-
ways (Figure 6). The present study suggests that a-MG has
a potential as therapeutic agents for the prevention and
treatment of skin photoaging. However, because of the
complex regulation of signaling pathways in cells, specific
intermediates and intermolecular interactions need to be

in-depth studied.

Data Availability

The data that support the findings of this study are available
in the supplementary material of this article.

Additional Points

Practical Applications. Alpha-mangostin (a-MG) is a natural
xanthone compound and one of the main active ingredients
of agricultural mangosteen (Garcinia mangostana L.) peri-
carp. a-MG has been used as a botanical medicine for its
potential health benefits considered as antioxidant, anti-
inflammatory, anticancer, antiviral, and antibacterial and

has been attracting increasing research attention in recent
years. Our research shows that a-MG has an antiphotoaging
effect; thus, it can be used as an additive in the cosmeceutical
industry to produce novel skin protectants. In addition, due
to its antiapoptosis, anti-inflammatory, and MMP inhibitory
effects, it can be used as a natural dietary supplement.
Concomitantly, whole research provides a new approach for
the recycle of mangosteen pericarp. Notably, Cer d18:1/24:
1 (a type of ceramide), a biomarker of major adverse car-
diovascular and cerebrovascular events (MACEs), was
revealed for the first time in skin photoaging. This provides
a new target for other researchers to study skin photoaging.
In summary, the present study has confirmed that a-MG can
be useful in therapeutic and cosmetic applications for the
treatment of skin photoaging.
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