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Abstract 

The epidermis, the outermost layer of the skin, is a stratified epithelium that protects the 

body from the external environment. Keratinocyte stem cells (KSCs) are involved in 

epidermis homeostasis by maintaining epidermal integrity through a process of constant 

regeneration. Ultraviolet B (UVB) radiation is a major inducer of cellular damage in the 

epidermis. In this study, we investigated the effects of zingerone (a phenolic compound 

derived from spices) on UVB-induced cellular damage in KSCs. We found that zingerone 

significantly inhibited cellular senescence of KSCs in response to UVB irradiation. These 

effects were confirmed by the senescence-associated β-galactosidase and comet assays. 

Zingerone decreased the production of proinflammatory cytokines such as tumor necrosis 

factor-α (TNF-α), interleukin-1β (IL-1β), and interleukin-6 (IL-6) in UVB-irradiated KSCs. 

Moreover, UVB-induced expression of p21, a cell cycle arrest-related gene, was reduced by 

zingerone treatment, whereas zingerone upregulated the expression of proliferation-related 

genes such as proliferating cell nuclear antigen (PCNA) and vascular endothelial growth 

factor (VEGF), in addition to anti-senescence-related genes including telomerase reverse 

transcriptase (TERT), histone deacetylase 1 (HDAC1), and DNA (cytosine-5)-

methyltransferase 1 (DNMT1). The UVB-protective effects of zingerone were mediated by 

inhibition of p42/44 MAPK and p38 MAPK. Therefore, zingerone could potentially be used 

to protect the epidermis from UVB-induced damage. 

 

 

Keywords: ultraviolet Bㆍcellular damageㆍkeratinocyte stem cellsㆍzingeroneㆍAP-1  
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1. Introduction 

Cellular senescence is an irreversible arrest of the cell cycle induced by various stress 

signals such as DNA damage, oncogene activation, and oxidative stress [13,34,40]. The 

environment contains a variety of mutagens that exert negative effects on human and animal 

health. Therefore, it is important to identify agents that protect against damage caused by 

environmental mutagens. UV radiation is the primary environmental mutagen that affects 

skin structure. In organisms ranging from bacteria to humans, DNA is a key target of 

ultraviolet (UV)-induced damage [37,12]. Moreover, irradiation of skin cells with UV rays 

contributes to the formation of several types of mutagenic DNA lesions.  

Skin consists of epidermis, dermis, and hypodermis. The epidermis is the outermost 

stratified epithelium that covers the body. It maintains its integrity through a cell regeneration 

process that is driven by a population of keratinocyte stem cells (KSCs) in the stratum basale, 

which is located between the epidermis and dermis [11]. KSCs can also form holoclones, 

which are tightly packed colonies that have the greatest long-term growth potential [1,18]. 

For this reason, KSCs have received attention as promising clinical candidates for the 

treatment of photodamage, chronic wounds, and ulcers [19]. However, epidermal KSCs are 

constantly exposed to UVB irradiation, a major inducer of DNA damage. Therefore, it is 

necessary to develop effective measures to protect KSCs from UVB irradiation to achieve 

successful skin regeneration.  

A wide variety of phenolic compounds derived from spices possess anti-inflammatory, 

anti-mutagenic, anti-oxidant, and anti-carcinogenic activities. Some pungent constituents are 

present in ginger and other zingiberaceous plants [35]. Ginger contains active phenolic 

compounds such as gingerols, paradols, shogaols, and zingerone, which possess anti-oxidant 

[17], anti-cancer [35], anti-inflammatory [16], anti-angiogenesis [15], and anti-atherosclerotic 

properties [4]. Zingerone has a basic phenolic ring with a methoxy group attached to a 
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benzene ring (Fig. 2A). It also possesses various biological properties and has been shown to 

suppress septic responses [29] and cartilage degradation [32]. Zingerone has also shown 

antihyperlipidemic and antiapoptotic [26], anti-inflammatory and anti-thrombotic [14], and 

antioxidant effects [27]. However, despite these pharmacological activities of zingerone, the 

involvement of zingerone in skin cell biology, in particular its effects on the interaction 

between UVB radiation and skin cells, has never been examined.  

Therefore, in this study, we investigated the effects of zingerone on UVB irradiation-

induced damage of KSCs and assessed the mechanisms by which these effects are mediated.  
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2. Materials & methods 

2.1 Cell culture and reagents 

Cells were isolated from human foreskin using the method from Lee et al. [24]. Briefly, 

cells were cultured under sterile conditions in tissue culture flasks at a density of 1 × 106 

cells/150 cm2 in a humidified incubator at 5% CO2 and 37°C. Cells were cultured in 

Dulbecco's modified Eagle medium supplemented with 10% fetal bovine serum and 1% 

penicillin and streptomycin. Cells were passaged every 5 days by trypsinization when they 

reached 80% confluency and were characterized using stem cell surface markers by flow 

cytometry analysis. Cells were detached by 0.05% trypsin and stained with antibodies against 

cell surface markers (all BD Pharmingen, Heidelberg, Germany). Following incubation, the 

samples were analyzed using a FACS Calibur flow cytometer (BD Biosciences, San Jose, CA, 

USA). Zingerone (purity: 98%) was obtained from Sigma-Aldrich (St. Louis, MO, USA). 

 

2.2 UVB irradiation and MTT assay 

To examine the biological consequences of zingerone treatment on UVB-irradiated skin, 

an in vitro model system was established. Cells were exposed to UVB radiation at an 

intensity of 30 mJ/cm2 (Luzchem Research Inc., Ottawa, Canada). After UVB irradiation, the 

cells were treated with zingerone. After incubation for the indicated time, cells were 

harvested and subjected to senescence-related experiments. To exclude the possibility that 

UVB irradiation was cytotoxic, cell viability was evaluated using the 3-(4,5-dimethylthiazol-

2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay. Briefly, cells were treated with MTT 

(0.1 mg/mL) for 3 h at 37°C in a 5% CO2 atmosphere. The medium was then removed, and 

the cells were solubilized with dimethyl sulfoxide (1 mL). After complete solubilization, the 

presence of blue formazan was evaluated spectrophotometrically by measuring the 

absorbance at a wavelength of 570 nm. 
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2.3 ββββ-gal staining 

Cells were washed twice with PBS and fixed with 2% formaldehyde/0.2% glutaraldehyde 

at room temperature for 10 min. After two additional washes with PBS, 2 mL of staining 

solution (150 mM sodium chloride, 25.2 mM sodium phosphate dibasic, 7.36 mM citric acid, 

5 mM potassium ferricyanide, 5 mM potassium ferrocyanide, 2 mM magnesium chloride, and 

1 ng/ml 5-bromo-4-chloro-3-indolyl-β-d-galactoside, pH 6.0) was added to the cells, after 

which they were incubated overnight at 37°C [6].  

 

2.4 Comet assay 

To evaluate cellular DNA damage, alkaline micro-gel electrophoresis was performed as 

described by Singh et al. to quantify single-strand breaks [36]. Pelleted cells (2.5 × 104) were 

washed and resuspended in 85 µL PBS. The cell suspension was then mixed with 85 µL of 

1% low gelling temperature agarose dissolved in PBS. Next, 75 µL of the cell-agarose 

mixture was transferred onto a frosted microscope slide that had been pre-coated with 85 µL 

of 1% normal gelling temperature agarose. A third layer of 0.5% low gelling temperature 

agarose (75 µL) was applied over the second layer containing the cells. For each agarose 

layer, a glass coverslip was applied on top of the liquid agarose to spread the agarose across 

the surface of the slides. Each layer of agarose was congealed by placing the slides on a metal 

tray that was positioned in crushed ice. After removing the coverslips, the slides were 

immersed in ice-cold alkaline cell lysis solution and allowed to incubate for 1 h. The slides 

were then placed in a horizontal electrophoresis unit and left undisturbed for 20 min. After 

electrophoresis at 300 mA for 20 min, the slides were immersed twice in neutralization buffer 

for 5 min each time. After applying 60 µL of ethidium bromide solution (20 µg/mL) on the 
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top of the agarose and covering the solution with coverslips, the slides were viewed on a 

fluorescence microscope with a camera attachment. 

 

2.5 ELISA  

The concentrations of tumor necrosis factor-alpha (TNF-α), interleukin-1 beta (IL-1β), 

and interleukin-6 (IL-6) in the supernatants of cultured cells were analyzed using 

commercially available ELISA kits (R&D Systems, Minneapolis, MN, USA) according to the 

manufacturer’s protocols. The standard curve was linearized and subjected to regression 

analysis. The TNF-α, IL-1β, and IL-6 concentrations of the unknown samples were 

calculated using the standard curves. Intact cells were also employed as a positive control. All 

samples and standards were measured in duplicate.  

 

2.6 Quantitative real-time-PCR 

The primers for amplification of a cell cycle arrest gene (p21), proliferation-related 

genes [proliferating cell nuclear antigen (PCNA) and vascular endothelial growth factor 

(VEGF)], cell survival-related genes [(telomerase reverse transcriptase (TERT), histone 

deacetylase 1 (HDAC1), and DNA (cytosine-5)-methyltransferase 1 (DNMT1))], and 

GAPDH as an internal control are shown in Table 1. Total RNA was isolated from the cells 

and reverse transcribed to cDNA (5 µl), which then was used for PCR analysis. Quantitative 

RT-PCR (qRT-PCR) analysis was performed in 96-well plates with a LightCycler 480 

instrument (Roche Applied Science) using a SYBR Green I Master kit (Roche Diagnostics, 

Germany) according to the manufacturer’s instructions. The thermocycling parameters were 

as follows: pre-denaturation (95°C, 10 min), followed by 40 cycles of denaturation (95°C, 10 

sec), annealing (55°C to 64°C, 10 sec), and elongation (72°C, 10 sec). Melting curve analysis 

was performed from 65°C to 97°C to assess the specificity of the qRT-PCR products. The Ct 
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values were used to calculate the qRT-PCR results. Relative quantification was conducted as 

previously described using GAPDH as a reference gene. The 2-∆CT method described by 

Livak and Schmittgen (2001) was employed to normalize gene expression values [25]. 

 

2.7 MAPK phosphorylation analysis 

The levels of phospho-SAPK/JNK(Thr183/Tyr185), phospho-p38 MAPK (Thr180/Tyr182), 

JNK, and p38 MAPK were measured using a PathScan Inflammation Multi-Target Sandwich 

enzyme linked immunosorbent assay (ELISA) Kit (Cell Signaling Technology) according to 

the manufacturer’s instructions. The levels of phospho-p42/44 MAPK (Thr202/Tyr204) and 

p42/44 MAPK expression were determined using a PathScan Cell Growth Multi-Target 

Sandwich ELISA Kit (Cell Signaling Technology) according to the manufacturer’s 

instructions.  

 

2.8 Statistical analysis 

All experiments were conducted at least three times. Data are expressed as mean ± SD and 

were analyzed by Student’s t-test. A P value < 0.05 was considered statistically significant.  
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3. Results 

 

3.1 Effects of zingerone on UVB-induced cell damage 

We first characterized the cells isolated from human child foreskin. As shown in Fig. 1, 

the cells expressed stem cell markers such as integrin β-1 (CD29), integrin α-6 (CD49f), β-

catenin, p63, and keratin19, whereas they did not express CD34 or CD71. These results 

indicate that KSCs were successfully isolated from human foreskin. 

The protective effect of zingerone against UVB-induced damage in KSCs was examined 

using the MTT assay. As shown in Fig. 2, UVB irradiation significantly reduced the viability 

of KSCs. However, zingerone-treated KSCs that had been UVB-irradiated showed 

significantly higher cell viability compared with UVB-irradiated nontreated KSCs. 

Specifically, zingerone treatment (100 µM) increased cell viability by 35% compared with 

UVB-irradiated cells (Fig. 2B). The senescence-associated β-galactosidase (SA-β-gal) assay 

was performed and confirmed this protective effect of zingerone. As shown in Fig. 2C, 

zingerone significantly inhibited UVB-induced accumulation of SA-β-gal in KSCs. 

Furthermore, in the alkaline comet assay, the percentage of DNA in the tail significantly 

increased by 40% upon exposure of KSCs to UVB irradiation. However, zingerone treatment 

decreased this percentage by 10%, as shown in Fig. 2D. These results suggest that zingerone 

protects KSCs against UVB-mediated damage. 

 

3.2 Effects of zingerone on UVB-induced production of pro-inflammatory cytokines 

Our data demonstrated that zingerone protects KSCs from UVB irradiation-induced 

damage. Therefore, we examined the effects of zingerone on UVB-induced production of 

cytokines by measuring the levels of EGF, FGF-2, TGF-β1, TNF-α, IL-1β, and IL-6 in 
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untreated KSCs and in UVB-irradiated KSCs treated with an increasing level of zingerone (0, 

10, 20, and 100 µM). As shown in Fig. 3, the levels of pro-inflammatory cytokines (e.g., 

TNF-α, IL-1β, and IL-6) were upregulated in UVB-irradiated KSCs compared with the 

negative control KSCs. However, zingerone significantly decreased the production of TNF-α, 

IL-1β, and IL-6 in UVB-irradiated KSCs. These results indicate that zingerone inhibits UVB-

mediated production of pro-inflammatory cytokines. However, UVB irradiation and 

zingerone treatment did not significantly affect the production of EGF, FGF-2, or TGF-β 

(data not shown). 

 

3.3 Effects of zingerone on UVB-induced changes in the expression of cell cycle arrest 

and cell survival-related genes 

We also examined the effects of zingerone on UVB-induced cell cycle arrest in KSCs 

using quantitative real-time RT-PCR (qRT-PCR). p21 is a potent cyclin-dependent kinase 

(CDK) inhibitor. The p21 protein binds to and inhibits the activity of the cyclin-CDK2, -

CDK1, and -CDK4/6 complexes and thus functions as a regulator of cell cycle progression at 

the G1 and S phases [9,5]. Cells with a high level of p21 enter a G0/quiescent state, while 

those with a low level of p21 continue to proliferate [38]. We examined the effects of 

zingerone on UVB-induced expression of p21, a cell cycle arrest-related gene, in KSCs. As 

shown in Fig. 4, zingerone significantly decreased UVB-induced expression of p21 in KSCs.  

To further confirm the involvement of cell survival signals in zingerone-mediated 

protection against UVB-induced damage in KSCs, the expression of cell survival-related 

genes (PCNA, VEGF, TERT, HDAC1, and DNMT1) was examined using qRT-PCR. As 

shown in Fig. 4, zingerone treatment increased the expression of all genes compared to their 

levels in the UVB-induced control group. These results indicate that zingerone inhibits the 
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expression of cell cycle arrest-related genes and upregulates the expression of cell survival-

related genes in KSCs. 

 

3.4 Zingerone reduces UVB-induced activation of p42/44 MAPK and p38 MAPK, but 

not JNK 

Our results indicated that UVB irradiation-induced cell damage could be counteracted by 

zingerone. Therefore, we examined the mechanisms of action by which zingerone exerts its 

protective effects against UVB irradiation. As shown in Fig. 5, the activities of p42/44 

MAPK and p38 MAPK, but not JNK, were reduced by zingerone compared to their levels in 

UVB-irradiated control cells. Therefore, these results suggest that zingerone attenuates UVB-

induced cell damage by inhibiting p42/44 MAPK and p38 MAPK.  
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4. Discussion 

Many kinds of environmental mutagens inflict direct or indirect harm to human and animal 

health. UV irradiation is an environmental mutagen that has attracted growing attention 

because of the increased level of UV irradiation at the Earth’s surface due to the depletion of 

the stratospheric ozone layer. In particular, various effects of UV irradiation on skin 

physiology have been systematically examined with respect to skin protection. 

The UV spectrum consists of three main wavelength ranges: UVA (320–400 nm), UVB 

(290–320 nm), and UVC (100–290 nm). While UVC is almost completely removed by the 

ozone layer, both UVA and UVB reach the Earth’s surface and negatively affect skin biology. 

UVB was used in this study and has a higher energy level than UVA; therefore, it exerts a 

greater effect on the epidermis. Specifically, UVB irradiation can cause sunburn, 

inflammation, cellular/tissue injury, and cell death, linking it to the progression of skin cancer. 

Keratinocytes, which are major players in the epidermis, have developed extensive protective 

measures to control cellular damage in response to UVB irradiation [44]. 

UVB irradiation induces cutaneous inflammatory responses in the skin [22]. UVB-induced 

inflammation is mediated by the synthesis of multiple pro-inflammatory cytokines in 

keratinocytes, including TNF-α, IL-1, IL-6, IL-10, and IL-8 [23,21,10]. These pro-

inflammatory cytokines are also closely related to the progression of photodamage. In 

particular, the involvement of IL-1β, IL-6, TNF-α, and IL-8 in UV-induced cell damage has 

been extensively studied [8,28,33,42]. TNF-α, which is produced by UVB exposure, can 

recruit inflammatory cells by inducing expression of cell adhesion molecules in endothelial 

cells and keratinocytes. The recruited cells secrete elastases and collagenases, consequently 

causing skin damage or aging [39,31,2]. In addition, IL-1β secreted from damaged 

keratinocytes stimulates neighboring keratinocytes, thus amplifying the inflammatory 

response. IL-1β induces both IL-6 and IL-8, which cause the acute-phase response and 
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stimulate leukocyte infiltration into the skin. We found that production of TNF-α, IL-1β, and 

IL-6 was significantly increased in KSCs in response to UVB irradiation compared to their 

levels in nonirradiated KSCs. However, zingerone significantly decreased the production of 

TNF-α, IL-1β, and IL-6 in UVB-irradiated KSCs. Therefore, these findings suggest that 

zingerone has anti-inflammatory effects in UVB-irradiated KSCs.  

p21 is a potent CDK inhibitor that functions as a regulator of cell cycle progression at the 

G1 and S phases [9,5]. p21 also interacts with PCNA, a DNA polymerase accessory factor, 

and plays a regulatory role in S phase DNA replication and DNA damage repair [7,41,43]. 

We found that zingerone prevented UVB-induced cell cycle arrest in KSCs. Specifically, 

zingerone decreased the expression of p21, a cell cycle arrest-related gene, in UVB-irradiated 

KSCs.  

Anti-senescence genes such as TERT, VEGF, and DKC1 (telomere holoenzyme complex) 

were recently reported to improve cell migration, protection, and cellular senescence, all of 

which are important factors for stem cell biology [30]. Similar to this result, we found that 

zingerone upregulated the expression of survival-related genes, including TERT, HDAC1, 

and DNMT1, in KSCs. In addition, zingerone treatment increased the expression of 

proliferation-related genes such as PCNA and VEGF in KSCs. 

Cellular senescence is induced by UVB irradiation. Senescent cells display abnormal 

cellular properties, including enlarged cell size, an inability to synthesize DNA, flattened 

morphology, and expression of SA-β-gal, a senescence marker [3,20]. Using the MTT assay, 

we demonstrated that zingerone protects against UVB-induced cell damage. In addition, the 

SA-β-gal and alkaline comet assays validated these effects and showed that zingerone 

decreases cellular senescence and DNA damage. Moreover, we found that zingerone inhibits 

UVB-induced cell cycle and increases the expression of proliferation-related genes (PCNA 
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and VEGF) and cell survival-related genes (e.g., TERT, HDAC1, and DNMT1) in KSCs. 

These findings suggest that zingerone attenuates UVB-induced senescence in KSCs. 

Collectively, our results demonstrate that zingerone attenuates cellular senescence and 

dampens production of pro-inflammatory cytokines induced by UVB irradiation through 

inhibition of p38 MAPK and p42/44 MAPK. These results suggest that zingerone is a 

potentially useful agent for improving epidermal homeostasis by attenuating the effects of 

UVB on KSCs. 
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Table 1. List of primers used for reverse transcription-polymerase chain reaction 

Gene Primer sequence (5'-3') 
PCR 
product size  

Annealing 
temperature 

Accession number 

p53  
Reverse, GAACAAGTTGGCCTGCACTG 172 60 °C AB082923 
Forward, GAAGTGGGCCCCTACCTAGA 

 
 

p21 
Reverse, TCTAGGAGGGAGACACTGGC 109 60 °C BC000312 
Forward, TGTCTGACTCCTTGTTCCGC 

 
 

PCNA 
Reverse, CGACACACCTGTAAACCCGA 102 60 °C J04718 
Forward, GAGGGGAGTGGCATGATCTG 

 
 

VEGF 
Reverse, CCATCCAATCGAGACCCTGG 196 60 °C AY47581 
Forward, TATGTGCTGGCCTTGGTGAG 

 
 

TERT 
Reverse, AGTATCCCTGGAGCTTCGGT 126 60 °C AH007699 
Forward, TCCCCACCTATCCCACACAT 

 
 

HDAC1 
Reverse, TGTCGGAGTACAGCAAGCAG 191 60 °C NM_004964 
Forward, TGCCTCGGACTTCTTTGCAT 

 
 

DNMT1 
Reverse, AACCTAGCCTGACCAACACG 82 60 °C AF119248 
Forward, TTACAGGCATGCACCACCAT 

 
 

GAPDH 
Reverse, GATTTGGTCGTATTGGGCGC 169 60 °C NM_002046 
Forward, TTCCCGTTCTCAGCCTTGAC 
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Figure legends 

 

Figure 1. Phenotypic characterization of KSCs.  

Immunofluorescence staining was conducted to examine the expression of KSC surface 

markers. The cells expressed KSC-specific markers such as integrin β-1 (CD29), integrin α-6 

(CD49f), β-catenin, p63, and keratin 19. In contrast, the cells stained negative for CD34 and 

CD71. Zg: zingerone. 

 

Figure 2. Protective effects of zingerone against UVB irradiation-induced damage to 

KSCs. 

(A) Chemical structure of zingerone. (B) Effects of zingerone on the viability of KSCs 

irradiated with UVB. Cells were irradiated with 30 mJ/cm2 UVB and then treated with 

zingerone (0, 10 µM, 20 µM, 100 µM, and 200 µM) for 24 h. After the incubation, the MTT 

assay was performed to assess cell viability. (C) Protective effects of zingerone (100 µM) as 

assessed by the SA-β-gal assay. (D) Alkaline micro-gel electrophoresis. The assay detects 

cellular DNA damage as single-strand breaks. Zg: zingerone.  

 

Figure 3. Zingerone dampens UVB-induced production of pro-inflammatory cytokines.  

Cells were irradiated with 30 mJ/cm2 UVB and then treated with zingerone (0, 10 µM, 20 µM, 

and 100 µM) for 24 h. After the incubation, the concentrations of inflammatory cytokines in 

the supernatants of KSCs cultured in different conditions were quantitated using a 

commercially available ELISA kit according to the manufacturer’s protocol. Zg: zingerone. 

 

Figure 4. Effects of zingerone on UVB-induced changes in the expression of genes 
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involved in cell cycle arrest, cell proliferation, and cell survival. 

Cells were irradiated with 30 mJ/cm2 UVB and then treated with zingerone (0, 10 µM, 20 µM, 

and 100 µM) for 24 h. After the incubation, the effects of zingerone on the expression of cell 

cycle arrest-related (A), proliferation-related (B), and anti-senescence-related genes (C) in 

cells irradiated with UVB (30 mJ/cm2) were examined by qRT-PCR. Zg: zingerone. 

 

Figure 5. Zingerone inhibits UVB-induced activation of p38 MAPK and p42/44 MAPK. 

KSCs were irradiated with 30 mJ/cm2 UVB and then treated with the indicated 

concentrations of zingerone for 1 h under serum-free conditions. After 1 h of incubation, cell 

lysates were analyzed using a Multi-Target Sandwich ELISA Kit. All results were verified by 

repeating the experiments three times, each of which was conducted in duplicate. Zg: 

zingerone. 
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Highlights 

▶ Zingerone inhibited the UVB-induced cellular senescence in KSCs. 

▶ Zingerone reduced the UVB-induced production of proinflammatory cytokines. 

▶ Zingerone reduced the UVB-induced expression of p21 gene. 

▶ Zingerone increased expression of genes such as PCNA, VEGF, TERT, HDAC1, and 

DNMT1. 

▶ Zingerone inhibited UVB-induced activation of p42/44 MAPK and p38 MAPK. 
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