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Pearl extract protects HaCaT cells from UV radiation-induced
apoptosis through mitochondrial pathway regulation
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Introduction:

Human keratinocytes (HaCaT cells) are the main cellular constituent of the epidermis
(outermost layer of skin), accounting for more than 90% of epidermal cells [1]. The
keratinocyte cells prevent external physical, chemical and microbial damage and maintain
the stability of the body’s internal environment [2]. As well, they can protect the skin by
absorbing 95% of ultraviolet (UV) radiation that reaches the skin [3]. Human keratinocytes
participates in various cellular and biological processes, such as apoptosis and
inflammation [4]. Damage caused by UV radiation to human epidermal keratinocytes
occurs mainly because of the production of reactive oxygen species (ROS) [5], which
induce DNA damage, enzyme activity and mitochondrial dysfunction, resulting in damage
to various cell functions [6]. To maintain the normal function of human epidermal
keratinocytes, the skin can be covered by clothing, which reduces UV radiation exposure
and oxidative damage [7]. Additionally, antioxidants are effective in reducing oxidative
damage [8]. Jian-min et al. found that the 50% ethanol macroporous resin elution site of
Eucommia ulmoides effectively protected against UVA and UVB-induced photoaging in
HaCaT cells [9]. Zhiwu et al. reported that rose water inhibited UV-induced apoptosis of
HaCaT cells by regulating the nuclear factor-kappa B (NF-kB) nuclear transcription factor
pathway [10]. Min et al. demonstrated that hesperidin antagonized the decreased
antioxidant enzyme activity in HaCaT cells caused by UVB and showed photoprotective
effects [11].

Pearl powder is used as a traditional Chinese medicine to moisturize the heart, liver
and muscle [12] and retard skin aging [13]. Anti-inflammation and anti-apoptosis
properties have also been described [14,15]. We previously reported that pearl extract
(PE) effectively reduced the melanin content in cells by inhibiting the activity of
intracellular tyrosinase, suggesting that PE has a whitening effect [16].

The inhibitory effect of PE on UV photodamage-induced HaCaT has not been
reported. In this study, an in vitro photoaging cell model was established to evaluate the
effect of PE on UV-induced damage and apoptosis of UV-irradiated HaCaT cells and
explored the molecular mechanisms involved.

Materials & Methods:

HaCaT cells were cultured in RPMI-1640 medium supplemented with 10% foetal
bovine serum and 1% penicillin and streptomycin in 5% CO, at 37°C. The cells were
irradiated with 10 J/cm? UV, while control cells were sham-irradiated by covering with tin
foil. Cell viability was assessed by the CCK8 assay. The cell suspensions were collected and
assayed for ROS and MDA levels, and GSH-Px and SOD activities using assay kits in
accordance with the manufacturer's instructions. Total RNA was isolated from HaCaT cells
after treatment using the RNAiso Plus kit according to the manufacturer's guidelines. After
48 h of the indicated treatment, the supernatant of each group of cells in the 6-well plate
was collected. TNF-a and IL-10 were detected in accordance with the enzyme-linked
immunosorbent assay kit instructions.
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Results & Discussion:

PE concentrations of 0.1 and 1 ug/mL were considered as the most effective and safe
concentrations. Compared to the control group, superoxide dismutase and glutathione
peroxidase activities in the photoaging group were significantly reduced, while
malondialdehyde and reactive oxygen species content, along with tumour necrosis factor-
alpha (TNF-a) and interleukin (IL)-10 mRNA and protein levels were markedly increased. In
contrast, Bcl-2 protein expression was significantly decreased, while caspase-3, caspase-9
and Bax protein expression levels were significantly increased. Compared to the
photoaging group, HaCaT cell proliferation was significantly increased in the PE group.
Both PE concentrations significantly increased superoxide dismutase and glutathione
peroxidase activities in cells, reduced malondialdehyde and reactive oxygen species
content, decreased TNF-a and IL-10 mRNA expression in cells, and reduced TNF-a and IL-
10 protein levels in the supernatant. Additionally, Bcl-2 protein expression levels were
significantly increased, while caspase-3, caspase-9, and Bax protein expression levels were
significantly reduced by PE treatment.

Conclusions:

Our study shows for the first time that PE can reduce HaCaT cell damage caused by
UV radiation, which is mainly regulated by reducing ROS and MDA content, increasing the
activity of SOD and GSH-Px, inhibiting inflammatory response and mitochondrial
mediated apoptosis pathway. The findings indicate that PE can effectively prevent cell
damage caused by UV.

Acknowledgements:

Not applicable.

[1]Guo Q, Fang S, Zeng FQ, Li BY, Zhu XJ, Tan GZ. Establishment and optimization of two dimensional gel electrophoresis profiles of proteome from human keratinocytes.[J]. China Journal

of Modern Medicine,2008,18(23):3453-3455+3459.

[2]Dou M, Chu X, Zhang J, Chen XH, Wang YJ, Shao BQ, Wang CB.Polypeptide from chlamys farreri protect HaCaT cells from single UVA induced oxidative dam ages.[J].Chinese

Pharmacological Bulletin 2006 Apr;22(4):420-3.

[3]Wang HY, Zeng YY, Wang T, Xing FY, Zhao JX, Ji YH.Effects of ultraviolet on mitochondrial functions and apoptosis in HaCaT cells.[J].Chinese Journal of Pathophysiology 2006, 22(5):1020

-1023.

[4]Chen F, Tang Y, Sun YJ, Priya VV, Surapaneni Krishna M, Cui CX . 6-shogaol, a active constiuents of ginger prevents UVB radiation mediated inflammation and oxidative stress through
modulating NrF2 signaling in human epidermal keratinocytes (HaCaT cells).[J]. Journal of Photochemistry &amp; Photobiology, B: Biology,2019,197.
[S]Sreekanth N, Chapla ,Cynthia Tilley,Rajesh Agarwal. Silibinin is a Potent Sensitizer of UVA Radiation-induced Oxidative Stress and Apoptosis in Human Keratinocyte HaCaT Cells.[J].

Photochemistry and Photobiology,2012,88(5).

[6]Li JL, Liu N, Chen XH, Sun M, Wang CB. Inhibition of UVA-induced apoptotic signaling pathway by polypeptide from Chlamys farreri in human HaCaT keratinocytes.[J]. Radiation and

Environmental Biophysics,2007,46(3).

[7]Cross Sheree E, Innes Brian, Roberts Michael S, Tsuzuki Takuya, Robertson Terry A, McCormick Paul. Human skin penetration of sunscreen nanoparticles: in-vitro assessment of a novel

micronized zinc oxide formulation.[J]. Skin Pharmacology and Physiology,2007,20(3).

[8]Zhe H, Li Z, Cui QZ, Fu JJ, Wang YF . Apoptosis inhibition effect of Dihydromyricetin against UVA-exposed human keratinocyte cell line.[J]. Journal of Photochemistry &amp; Photobiology,

B: Biology,2016,161.

[9]LIJM, XU YM, Chen QY, Qi YH, Zhang N.Protective effects of UVA induced photoaging in HaCaT cell by Eucommia ulmoides.[J].Chinese Journal of Aesthetic

Medicine.Sep.2010.Vol.19.No.9.

[10]Han ZW, Wang MZ, Wang LY, XU Long, Chen XH, Han YT. Study on Inhibitory Effects of Rose Water on Ultraviolet-induced Apoptosis of HaCaT Cells.[J].China Pharmacy 2013 Vol. 24

No.7.

[11]Li M, Lin XF, Lu J, Zhou BR, Luo D. Hesperidin ameliorates UV radiation-induced skin damage by abrogation of oxidative stress and inflammatory in HaCaT cells.[J]. Journal of

photochemistry and photobiology. B, Biology,2016,165.,

[12]Lin J, Wei MC, Mo MY. Analysis of the Clinical Application and Compatibility of Pearl.[J].Journal of Basic Chinese Medicine December 2016 Vol.22. No.12
[13]Yang AQ, Shen YQ, Zhang LH, Mo JH, Chen ZX, Wang J. Study on the Skin Care Functions of Active Ingredients in Pearl Extractive.[J].Flavour Fragrance Cosmetics Feb.2016,No.1.
[14]Yang YL, Chang CH, Huang CC, Liu HW. Anti-inflammation and anti-apoptosis effects of pearl extract gel on UVB irradiation HaCaT cells.[J]. Bio-medical materials and

engineering,2015,26 Suppl 1.

[15]Zhou DX,, Wu SL. Anti- inflammation and Antioxidation of Pearl Water Extract.[J].Journal Of Zhe Jiang College Of Tcm .Aug.2001 Vol.25. No.4.
[16]Yang AQ, WangJ, ZhanglLH, MoJH, ChenZX, Shen YQ. Lighting Effect of Pearl Extract on Melanocytes in Vitro.[J].Pharmaceutical Biotechnology 2016, 23(2): 146 -149.




