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ABSTRACT 
 

Anti-melanogenic Activity of 
Demethoxycurcumin via 

Microphthalmia-associated 
Transcription Factor  

(MITF) in Melanocyte 
 

Jihye Kim 

Natural Products Science  

College of Pharmacy 

The Graduate School 

Seoul National University 

 

Natural products from plants, fungi, bacteria and other organisms continue to be 

used in pharmaceutical preparations. The anti-melanogenic activity of 

demethoxycurcumin (DC), a compound of C. aromatica, and its molecular 

mechanism was investigated in mouse melan-a cells. DC significantly inhibited 

melanin synthesis and down-regulated the expression of the microphthalmia-

associated transcription factor (MITF) which suppresses the expression of 

tyrosinase, tyrosinase-related protein-1, and -2 (TRP-1, -2). Further analysis 

revealed that DC suppressed the SRY-related HMG-box 10 (SOX10), critical 

transcription factors of MITF. DC also effectively inhibited DNA-binding activity 
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of phosphor-cAMP response element binding protein (p-CREB), an up-stream 

regulatory factor of MITF. DC exhibit the up-regulation of ERK and AKT 

activation through mitogen-activated protein kinases (MAP kinase) pathway but 

there is no effect of phosphorylation of MITF because MITF is already decreased 

by SOX10 and p-CREB-DNA binding. These findings suggest that DC might serve 

as a candidate for an effective melanogenic inhibitor in melanocytes via the 

regulation of MITF signaling pathway. 

 The anti-inflammatory activity of pinosylvin (PS), a natural stilbenoid from the 

heartwood of Pinaceae, was investigated in human keratinocytes, HaCaT cells. PS 

inhibited the UV-induced production of prostaglandin E2 (PGE2) in HaCaT cells. 

The suppression of PGE2 productions by PS was correlated with the down-

regulation of mRNA and protein expression of cyclooxygenase-2 (COX-2). Further 

analysis revealed that PS suppressed the activation of MAP kinases, JNK, c-FOS 

and c-JUN signaling. These findings suggest that PS might serve as a candidate for 

a potential UV-induced anti-inflammaging agent via the regulation of MAP kinase 

signaling pathway. 

 

Keywords: demethoxycurcumin, MITF, melan-a cells, melanogenesis, pinosylvin, 

PGE2, HaCaT cells, MAP kinases, inflammation 
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Anti-melanogenic Activity of 

Demethoxycurcumin via Microphthalmia-

associated Transcription Factor 

(MITF) in Melanocyte 
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I. Introduction 

 

Several environmental factors such as UV lights can induce pigmentation of skin. 

The pigment, melanin, colors our skin and is the primary cause of skin 

pigmentation. Melanin is produced by melanocytes found in the basal layer of the 

epidermis. The progression of melanin formation is called melanogenesis. 

Melanogenesis is regulated by three major melanocyte specific enzymes, 

tyrosinase (TYR), tyrosinase-related protein-1 (TRP-1) and tyrosinase-related 

protein-2 (TRP-2) (Hearing and Tsukamoto, 1991). TYR is the key enzyme 

associated with the colors of skin, hair, and eyes in animals (Kubo et al, 2000). It 

catalyzes the oxidation of L-tyrosine to 3, 4-dihydroxyphenylalanine (L-DOPA) 

and leads to DOPA quinone formation which is the first step in melanin synthesis 

(Shin et al, 1998). TRP-2 allows a quicker conversion of dopachrome to 5, 6-

dihydroxyindol-2-carboxylic acid (DHICA) while TRP-1 facilitates the formation 

of carboxyl group-containing DHICA oxidase eumelanins (Hearing, 2011; 

Vachtenheim & Borovansky, 2010). TYR is required to synthesize red/yellow 

pheomelanin and black/brown eumelanin which are found in mammals. TRP-1 and 

TRP-2 are especially crucial for synthesizing eumelanin (Busca & Ballotti, 2000).  

Melanogenesis is known for its complex process that is balanced by various signal 

transduction pathways. Melanogenesis signaling pathway is involved with 

microphthalmia-associated transcription factor (MITF) which is a key transcription 

regulator for melagogenesis and the expression of TYR, TRP-1, and TRP-2 (Levy, 

http://en.wikipedia.org/wiki/Melanogenesis
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Khaled & Fisher, 2006; Villareal et al., 2010). MITF is regulated by various 

upstream transcription regulators including cAMP response element-binding 

protein (CREB), paired box 3 (PAX3), SRY-related HMG-box 10 (SOX10), and 

lymphoid-enhancing factor-1 (LEF-1) (Wan, Hu & He, 2011; Vachtenheim & 

Borovansky, 2010). CREB is an important promoter for MITF expression (Jung, 

Hwang & Kim, 2010; Kang, Choi & Choi, 2011) and the phosphorylation of CREB 

at serine 133 in melanocytes increases MITF expression by binding to the cyclic 

AMP (cAMP)-responsive element (CRE) in melanocytes (Saha, Singh & Sarkar, 

2006; Busca & Ballotti, 2000). 

Stimulation of c-Kit receptor tyrosine kinase is known to have a critical role in 

the development and migration of melanocytes. The c-kit signaling is known to 

activate the mitogen-activated protein kinase (MAPK), glycogen synthase 3β 

(GSK3and phosphatidylinositol 3-kinase (PI3K) pathways (Alexeev & Toon, 

2006; Jeon et al., 2009; Larribere et al., 2004; Smalley et al., 2008; Lefevre et al., 

2004). Several studies reported that MITF transcription have been effectively 

modulated by MAPKs, such as extracellular signal-regulated kinase (ERK) and 

serine/threonine-specific protein kinase (AKT) signaling pathway (Ko et al., 2014).
 

ERK phosphorylates MITF at serine 73, which is also followed by MITF 

ubiquitination and degradation (Wu, Hemesath & Takemoto, 2000). 

Curcuma aromatica has been used for a remedy and a food in Southeast Asia. 

Curcumin, demethoxycurcumin, bisdemethoxycurcumin, ar-turmerone, aromatic-
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turmerone, and beta-turmerone are the major bioactive compounds found in 

Curcuma (Park et al., 2011). In modern pharmacological stdies, Curcuma 

constituents, particularly curcumin, have been shown to have anti-inflammatory, 

anti-cancer (Gescher, 2004), anti-oxidative, chemopreventive and potentially 

chemotherapeutic properties (Aggarwal & Harikumar, 2009; Hatcher et al., 2008). 

Recently, the antimelanogenic effects of partially purified C. aromatica and 

curcumin have been reported. However, the effects of other components of this 

plant on the melanogenesis signaling pathway have not been investigated. 

Therefore, in this study we examined the anti-melanogenic activity of 

demethoxycurcumin on melanogenesis and signaling pathways in mouse melan-a 

cells. 
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Figure 1. Schematic representation of MITF signaling pathway  
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II. Materials and Methods 

 

A. Materials 

 

1. Reagents and antibodies 

Roswell Park Memorial Institute (RPMI) 1640 medium, fetal bovine serum 

(FBS), antibiotics-antimycotics solution, TRI reagent were purchased from 

Invitrogen (Grand Island, NY, USA). Bovine serum albumin (BSA), 3-(4, 5-

dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide (MTT), and other agents 

otherwise indicated were purchased from Sigma-Aldrich (St. Louis, CA, USA). 

Mouse p-GSK3β (Tyr216) and mouse anti-GSK3β were purchased from BD 

Biosciences (San Diego, CA, USA). MITF, tyrosinase, TRP-1, TRP-2, ERK, p-

ERK, Pax3, Sox10, β-actin, goat anti-rabbit IgG-HRP, goat anti-mouse IgG-HRP, 

rabbit anti-goat IgG-HRP, rabbit anti-mouse IgG-HRP, mouse anti-goat IgG-HRP, 

and mouse anti-rabbit IgG-HRP were purchased from Santa Cruz Biotechnology 

(Santa Cruz, CA, USA). Mouse p-GSK3β (Ser21/9), c-Kit, AKT, p-AKT (Ser473) 

and p-CREB were purchased from Cell Signaling Technology (Beverly, MA, USA). 

p-MITF (Ser73) was purchased from Assay Biotechnology Company (Sunnyvale, 

CA, USA). Complete protease inhibitor cocktail was purchased from Roche 

Applied Science (Penzberg, Germany). Gene-specific primers for real-time PCR 

were synthesized from Bioneer (Daejon, Korea). TransAM® ELISA Kit was 

purchased from Active Motif Japan (Tokyo, Japan). Neoderm®-ME and 

Neoderm®-ED which are the reconstructed human skin models were purchased 



7 

 

from Tego Science (Seoul, Korea) 

 

2. Compound 

Demethoxycurcumin (Figure 2) was dissolved in 100% dimethyl sulfoxide 

(DMSO). 

 

3. Cell Culture 

Melan-a cells (originally established by Dr. Bennett at the University of London) 

were kindly provided by Skin Research Institute, Amore-Pacific Co. (Yongin, 

Korea). Melan-a cells were grown in RPMI (Rosewell Park Memorial Institute) 

1640 medium supplemented with antimyosin (penicillin 100 unit/ml, streptomycin 

100 unit/ml, amphotericin B 250 ng/ml), 10% fetal bovine serum (FBS), and 20 

nM TPA. The cells were incubated at 37°C in a humidified atmosphere of 10% CO2. 

Each experiment was carried out at least three times. 
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Figure 2. Chemical structure of demethoxycurcumin (DC) 
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B. Methods 

 

1. Melanin content assay 

Confluent cultures of melan-a cells were rinsed with Ca
2+

 and Mg
2+

-free 

phosphate-buffered saline (PBS) and lysed with 0.25% trypsin/EDTA. Cells were 

plated into 6-well plastic culture plates at a density of 4 × 10
5
 cells/well. At 48 h 

after plating, the media were replaced with test sample. After additional 48 h 

incubation, the adherent cells exposed to the test samples were assayed. The 

melanin content was determined as follows: after removing the media and washing 

the cells with Ca
2+

 and Mg
2+

-free PBS, the cell pellet was dissolved in 0.1 ml of 1 

N NaOH, and incubated at 60°C for 10 min. The optical density at 475 nm was 

measured by an ELISA reader. For melanin assay using a reconstructed human skin 

model, Neoderm®-ME was purchased and maintained as the manufacturer’s 

instructions (Tego Science, Seoul, Korea). Neoderm®-ME was irradiated with 60 

mJ/cm
2
 UVB for two times and treated with various concentration of 

demethoxycurcumin for 4 days. Neoderm®-ME was dissolved in 1 N NaOH and 

the debris was separated by centrifugation at 13, 000 rpm for 15 min. The 

absorbance at 475 nm was measured from supernatants to determine melanin 

content. 

 

2. Cell proliferation assay 

MTT solution (final concentration of 500 µg/mL) was added to each well and 
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further incubated for 3 h at 37°C. Each medium was discarded, and dimethyl 

sulfoxide (DMSO) was added to each well to dissolve generated formazan. The 

absorbance was measured at 570 nm, and percent survival was determined by 

comparison with a control group. For the cell proliferation assay using a 

reconstructed human skin model, Neoderm®-ED was purchased and maintained as 

the manufacturer’s instructions (Tego Science, Seoul, Korea). Neoderm®-ED was 

treated with various concentration of demethoxycurcumin for 3 days. MTT solution 

(final concentration of 500 µg/mL) was added to each well and further incubated 

for 3 h at 37°C. Each medium was discarded, Neoderm®-ED was dissolved and the 

debris was separated. The absorbance was measured at 570 nm, and percent 

survival was determined by comparison with a control group. 

 

3. Western blotting 

Melan-a cells were incubated with various concentrations of PS for the indicated 

times. After incubation, the cells were washed and lysed and the quantitative 

determination of total protein concentration of each group was done by BCA 

protein assay. Equivalent levels of protein from each group were subjected to 8-13% 

sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE). 

Separated proteins were then electro-transferred onto polyvinylidene difluoride 

(PVDF) membranes (Millipore, Bedford, MA, USA). The membranes were 

incubated with 5 % BSA in a mixture of Tris-buffered saline and Tween 20 (TBST; 

1X) for at least 30 min at RT, and then incubated with the desired antibodies 
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diluted in 2.5% BSA in TBST overnight at 4°C. After washing the membranes 

three times for 10 min each with TBST, the membranes were incubated with 

horseradish peroxidase (HRP)-conjugated secondary antibodies for 2 h at RT. The 

membranes were washed three times for 10 min each with TBST, and were then 

detected with an enhanced chemiluminescence (ECL) detection kit (Intron, 

Daejeon, Korea). Blots were analyzed by LAS 4000 (GE Healthcare, Little 

Chalfont, UK). 

 

4. RNA extraction and real-time PCR 

Total RNA from cells or tumor tissues was extracted using TRI reagent 

(Invitrogen) and reverse transcribed using the Reverse Transcription System 

(Promega) according to the manufacturer’s instructions. Real-time PCR was 

performed using the iQ
TM

 SYBR® Green Supermix (Bio-Rad, Hercules, CA, USA), 

according to the manufacturer’s instructions. The thermocycling conditions utilized 

were 20 sec at 95°C, followed by 40 cycles of 20 sec at 95°C, 20 sec at 56°C, and 

30 sec at 72°C, followed by 1 min at 95°C, and 1 min at 55°C. All experiments 

were performed in triplicate and analysis was performed using the comparative CT 

method with β-actin used for normalization. Sequences of primers are listed at 

Table 3. 

 

5. Nuclear extraction 

Nuclear extracts were prepared by the method of Beg et al (Beg et al., 1993).
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Briefly, cells were washed in phosphate-buffered saline, pelleted, and resuspended 

in lysis buffer (10 mM Tris-HCL, pH 8.0, 60 mM KCl, 1 mM EDTA, 1 mM 

dithiothreitol, 100 µM PMSF, and 1.0% NP-40). After 5 min on ice, the lysates 

were spun at 2500 rpm in a microcentrifuge at 4°C for 4 min. The pelleted nuclei 

were briefly washed in lysis buffer without NP-40. The nuclear pellet was then 

resuspended in an equal-volume nuclear extract buffer (20 mM Tris-HCl, pH 8.0, 

420 mM NaCl, 1.5 mM MgCl2, 0.2 mM EDTA, and 25% glycerol). After 10 min 

incubation at 4°C, the nuclei were briefly vortexed and spun at 14000 rpm for 5 

min. The supernatant was then removed and used as a nuclear extract. Protein 

concentrations were determined by the Bradford assay (Masamoto, Iida & Kubo, 

1980).  

 

6. p-CREB-DNA binding assay 

p-CREB-DNA binding activity was measured with the Trans AM ELISA kit 

(Active Motif Japan) was used according to the manufacturer’s instructions. 

Nuclear extracts (2 µg) were incubated with plate-coated a double-stranded 

oligonucleotide containing the consensus CRE site (TGACGTCA). Plates were 

washed, and anti-Ser133-pCREB rabbit antibody was added to the well plates. The 

binding of antibody was detected with the incubation of an HRP-conjugated 

secondary antibody and developed with tetramethylbenzidine (TMB) substrate. The 

reaction intensity was measured by the absorbance at 450 nm. 
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7. Statistical Analysis 

 Data were expressed as means +/- standard deviation (SD) for the indicated 

number of independently performed experiments. Statistical significance was 

analyzed using the Student’s t-test or one-way analysis of variance (ANOVA) 

coupled with the Dunnett’s t-test. Differences were considered statistically 

significant at *P<0.05 **P<0.01, ***P<0.001. 
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Table 1. Sequences of target gene-specific primers used in real-time PCR 

 

Target genes Sequences 

Mouse MITF 
Sense 5’-CTAAGTGGTCTGCGGTGTCTC-3’ 

Antisense 5’-GGTTTTCCAGGTGGGTCTG-3’ 

Mouse 

TYROSINASE 

Sense 5’-CACCCTGAAAATCCTAACTTACTCA-3’ 

Antisense 5’-CTCTTCTGATCTGCTACAAATGATCT-3’ 

Mouse TRP-1 
Sense 5’-TGGGAACACTTTGTAACAGCA-3’ 

Antisense 5’-ACTGCTGGTCTCCCTACATTTC-3’ 

Mouse TRP-2 
Sense 5’-GGCTACAATTACGCCGTTG-3’ 

Antisense 5’-CACTGAGAGAGTTGTGGACCAA-3’ 

Mouse 

 β-Actin 

Sense 5’-AAGGCCAACCGTGAAAAGAT-3’ 

Antisense 5’-GTGGTACGACCAGAGGCATAC-3’ 
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III. Results 

 

A. Inhibition of melanin synthesis by DC in the mouse melan-

a cells 

 

To determine the effect of demethoxycurcumin (DC) on melanin synthesis, the 

melanin content was measured. The melan-a cells were treated with various 

concentrations of DC for 48 h and the results showed that the melanin content of 

DC treated cells was more significantly decreased in a dose-dependent manner by 

35.3%, 56.7% and 66.1% respectively than the control group (Figure 3). These 

results showed that DC inhibited melanogenesis in melan-a cells. 

MTT assay was performed to evaluate the cytotoxicity of DC in melan-a cells. 

Melan-a cells were treated with various concentrations of DC for 24 h. As shown in 

Figure 4, the results showed that DC had no cytotoxic effect in melan-a cells. 
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Figure 3. Effect of DC on melanin content 

The cells were treated with various concentrations of DC for 48 h. The melanin 

contents were measured as described the ‘Material and Methods’. The results were 

calculated as the amount of intracellular melanin per cell and expressed as 

percentage of control (% of control). Data are expressed as mean ± SD (n=3). 

*P<0.05 **P<0.01, ***P<0.001. 
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Figure 4. Effect of DC on melan-a cell viability  

The cells were treated with various concentrations of DC for 24 h. The viability of 

the cells was determined by a MTT assay. Data are expressed as mean ± SD (n=3).  
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B. Effect of DC on the expression of TYR, TRP-1 and TRP-2 

 

To elucidate the mechanism of action mediated by DC (DC) on the inhibition of 

melanogenesis in melan-a cells, the effects of DC on the expressions of the TYR, 

TRP-1, and TRP-2 were examined. The cells were treated with DC at 24 and 48 h 

and then the protein expressions were measured by western blot analysis. As shown 

in Figure 5, the expression of TYR, TRP-1 and TRP-2 protein expressions were 

decreased in a concentration-dependent manner at 24 and 48 h. 

 The mRNA level of TYR, TRP-1 and TRP-2 were evaluated by RT-PCR analysis. 

As shown in Figure 6, DC decreased the mRNA levels of TYR, TRP-1 and TRP-2 

in a concentration-dependent manner at 24 h suggesting that DC regulated TYR, 

TRP-1, and TRP-2 both at the translational protein level and the transcriptional 

mRNA level. 
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Figure 5. Effect of DC on the expression of melanogenesis-related proteins  

The cells were treated with 10, 20 and 30 µM DC for 24 h (A) and 48 h (B). The 

expressions of tyrosinase, TRP-1 and TRP-2 proteins were examined by Western 

blot analysis. β-actin was used as an internal standard. 
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Figure 6. Effects of DC on the expression of TRP-1, TRP-2 and tyrosinase 

genes  

The cells were treated with indicated concentrations of DC for 24 h and then the 

levels of TRP-1, TRP-2 and tyrosinase genes were examined by real-time RT-PCR. 

Data are expressed as mean ± SD (n=3). *P<0.05 **P<0.01, ***P<0.001. 
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C. Effect of DC on the expression of MITF protein and gene 

 

Microphthalmia-associated transcription factor (MITF) is a transcription factor 

and it is related in the regulation of melanogenesis. MITF is an important 

transcriptional regulator of the TRP-1, TRP-2 and tyrosinase. The effect of DC on 

the expression of MITF was investigated by western blot analysis and RT-PCR. 

MITF protein and mRNA levels were decreased in dose-dependent manner after 

24 h (Figure 7), suggesting that the down-regulation of TRP-1, TRP-2 and 

tyrosinase might be contributed by the down-regulation of MITF. 
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Figure 7. Effect of DC on the expression of MITF 

The cells were treated with 10, 20 and 30 µM DC for 24 h. The expressions of 

MITF proteins were examined by Western blot analysis (A). The expressions of 

MITF mRNA were examined by real-time RT-PCR (B). β-actin was used as an 

internal standard. Data are expressed as mean ± SD (n=3). 
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D. Inhibition of DC on the expressions of Pax3 and Sox10, 

MITF promoter genes 

 

MITF promoter is stimulated by transcription factors, Pax3, Sox10 and CREB. 

Thus, the effects of DC on these transcription factors were investigated. As shown 

Figure 8, DC regulated the activation of Sox10 but did not change Pax3 after 

treating with DC for 24 h. In short time, 15 and 30 min, Sox10 protein expressions 

were also decreased by 20 µM of DC. These results suggest that DC regulated 

Sox10. 
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Figure 8. Effects of DC on Pax3 and Sox10 

Melan-a cells were treated with indicated concentration of DC for 24 h (A) and 

treated with 20 µM of DC for indicated times (B). The expression levels of Pax3 

and Sox10 were examined by Western blotting. β-actin was used as an internal 

standard. 
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E. Inhibition of DC on the DNA-binding activity of p- CREB  

 

CREB is a crucial transcription factor of MITF. Thus, the effects of DC on the 

protein level of p-CREB and DNA-binding activity of p- CREB were investigated. 

As shown Fig.9, the expressions of p-CREB were not changed but the DNA-

binding activity of p-CREB was decreased by DC. Using the ELISA-based Trans 

AM method and specific p-CREB primary Ab, DC significantly inhibited the 

DNA-binding activity of phosphorylated CREB in a dose-dependent manner. DC 

was treated for 24 h. This result suggests that DC regulated DNA-binding activity 

of p-CREB, not reducing protein level. 
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Figure 9. Effect of DC on the protein level and DNA-binding activity of 

p-CREB  

The cells were treated with indicated concentrations for 24 h. The western blotting 

(A) and the phospho-CREB DNA binding activity of DC treated cells were 

measured (B), as described in the ‘Materials and Methods’. Data are expressed as 

mean ± SD (n=3). 
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F. Effect of DC on the expression of ERK, AKT and MITF  

 

DC decreased the protein levels of phosphorylation of ERK and AKT in dose-

dependent manner after 24 h. However, the expression of phosphorylation of MITF 

didn’t be changed. This indicated that DC regulated activation of ERK and AKT 

but not the phosphorylation of MITF (Figure 10). Phosphorylation of MITF didn’t 

be increased because expression of MITF was already decreased by transcription 

factor of MITF promoter. 
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Figure 10. Effects of DC on the expression of phosphorylation of AKT, ERK 

and MITF  

The cells were treated with indicated concentration of DC for 24 h.  
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G. Inhibition of melanin synthesis by DC in a reconstituted 

human skin model (Neoderm 
®
)  

 

To determine the effect of DC on melanin synthesis in human skin, a 

reconstituted human skin model containing melanocytes (Neoderm
®
 -ME) was 

used. The reconstituted human skin was treated with various concentrations of DC 

for 4 days and the results showed that the melanin content of DC treated 

reconstructed human skin was decreased in a dose-dependent manner than the 

control group (Figure 11). These results imply the possibility of DC as an anti-

melanogenic agent which is applicable in human skin. 

MTT assay was performed to evaluate the cytotoxicity of DC in a reconstructed 

human skin containing dermis and epidermis (Neoderm
®
 -ED). The reconstructed 

human skin was treated with various concentrations of DC for 3 days. As shown in 

Figure 12, the results showed that DC had no toxicity in the reconstructed human 

skin. 
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Figure 11. Effect of DC on melanin content in the reconstituted human skin 

model 

The reconstituted human skin model was treated with various concentrations of DC 

for 4 days. The melanin contents were measured as described the ‘Material and 

Methods’. The melanin content of the lysates was measured at 475 nm after 

dissolving the reconstructed human skin samples in 1 N NaOH and the results were 

expressed as percentage of control (% of control). Data are expressed as mean ± 

SD (n=3). *P<0.05 **P<0.01, ***P<0.001. 
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Figure 12. Effect of DC on the reconstructed human skin cell viability  

The reconstructed human skin was treated with various concentrations of DC for 3 

days. The viability of the cells was determined by a MTT assay. Data are expressed 

as mean ± SD (n=3).  
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IV. Discussion 

 

To our knowledge, this study first demonstrate that DC has an anti-melanogenic 

effect via regulation of MITF transcription factors in melan-a cells. As confirmed 

by MTT assay, DC was not toxic at 30 µM (Figure 4), and the level of melanin 

under the same concentration was inhibited by 66.1% (Figure 3). To understand the 

mechanism behind the observed decrease in the melanin content by the DC, the 

effect of DC on the expressions of the melanogenic enzymes was investigated. 

TYR, TRP-1 and TRP-2 were evaluated because they are crucial enzyme in 

melanin synthesis. DC reduced the expression of proteins of TYR, TRP-1 and 

TRP-2 after the DC treatment (Figure 5). The results showed similar patterns of 

gene levels which is also decreased after 24 hours (Figure 6). This is clear evidence 

that DC regulates TYR, TRP-1, and TRP-2 at the transcription level. 

MITF is a crucial transcription factor of melanogenesis and regulate the 

expression of TYR, TRP-1 and TRP-2. MITF protein and gene level was decreased 

after treatment of DC for 24 h (Figure 7). This is similarly occurred in TYR, TRP-1 

and TRP-2, suggesting that the down-regulation of TYR, TRP-1, and TRP-2 by DC 

can be attributed to the MITF inhibition. 

The expression of MITF is regulated by diverse upstream transcription regulators 

including CREB, Pax3, and SOX10 (Wan, Hu & He, 2011; Vachtenheim & 

Borovansky, 2010). This showed that DNA binding of p-CREB and Sox10 

decreased on DC treated melan-a cells for 24 h (Figure 8, 9). 
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Stimulation of the c-Kit receptor tyrosine kinase plays a critical role in the 

development and migration of melanocytes (Yoshida et al., 2001). C-kit signaling 

controls the MITF expression by the mitogen-activated protein kinase (MAPK) and 

phosphatidylinositol-e-kinase (PI3K) pathways (Jeon et al., 2009; Larribere et al., 

2004; Smalley et al., 2008; Lefevre et al., 2004). To investigate the relation of 

MAPK pathway with DC, the expression of AKT, ERK and p-MITF (ser73) was 

examined by 10, 20 and 30 μM of DC for 24 h. DC increased the protein levels of 

phosphorylation of ERK and AKT in dose-dependent manner after 24 h. However, 

the expression of phosphorylation of MITF (ser73) didn’t be changed (Figure 10). 

This result indicated that DC regulated activation of ERK and AKT but not the 

phosphorylation of MITF. We thought that phosphorylation of MITF didn’t be 

changed because expression of MITF was already decreased by transcription factor 

of MITF promoter. DC also showed inhibitory effect of melanin synthesis in 

human skin models without toxicity. 

Figure 13 is a schematic representation that summarizes the anti-melanogenic 

mechanism by DC. The expression level of Sox10 and p-CREB binding activity 

were suppressed by DC causing that expression of MITF decreased. Inhibited 

MITF also suppressed the expression of TYR, TRP-1 and TRP-2 causing melanin 

synthesis decreased. Although DC increases the activation of AKT and ERK, p-

MITF is not increased because expression of MITF is already decreased. 

Conclusively, DC inhibits the melanin production in melanocytes via down-
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regulation of MITF, tyrosinase, TRP-1 and TRP-2 expression levels 

A plausible mechanism of action for the anti-melanogenic activity of DC via 

MITF signaling pathway in melan-a cells has been shown for the first time with the 

suppression of MAPK signaling pathways. These findings suggest that DC can be 

evaluated further as a whitening agent  
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Figure 13. Schematic representation of plausible mechanisms of actin of DC in 

melan-a cells 
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I. Introduction 

 

Many environmental factors such as UV lights and the natural process of aging 

stimulate the inflammatory process in the skin. UVB penetrates the epidermis and 

the upper part of the dermis and damages keratinocytes and leads to sunburn, 

photoaging and skin cancer (Rijken, Kiekens & Bruijnzeel, 2005). UVB radiation 

promotes the generation of intracellular reactive oxygen species (ROS). ROS play 

an important role in modulating the inflammatory response and induce many 

harmful effects (Saito et al, 2004). ROS production after UVB exposure induces 

mitogen-activated protein kinase (MAPK) cascades such as c-Jun N-terminal 

kinase (JNK), extracellular signal-regulated kinase (ERK), and p38 kinase, which 

regulate AP-1 (Yang, Sharrocks & Whitmarsh, 2003). It has been observed that 

inducible cyclooxygenase (COX-2) is upregulated after UVB exposure in both 

human and murine skin cells (Chen et al., 2001) and upregulated COX-2 

expression in skin epidermis is involved in the development of skin cancer. It leads 

to increase production of pro-inflammatory mediators such as prostaglandins and 

thromboxanes (Seo et al., 2002). 

Pinosylvin, a natural stilbenoid, is a component of pine leaf (Pinus densiflora) 

and the heartwood of Pinus spp (Gehlert, Schoeppner & Kindl, 1990; Bois, 

Lieutier & Yart, 1999). Resveratrol (3,5,4′-trihydroxy-trans-stilbene), one of the 

representatives of natural stilbenoid, abundant in grapes, peanuts and pines, has 



39 

 

demonstrated a variety of biological activities such as reduction in the incidence of 

coronary heart disease, chemoprevention of cancer, growth inhibition of many 

cancer cells, and anti-inflammatory effects (Surh, 1999; Jang et al., 1997; Pace-

Asciak et al., 1995; Jang et al., 1999). Pinosylvin has been shown to have 

antibacterial, antifungal activites (Lee et al., 2005), antiinflammation (Lee et al., 

2006; Park et al., 2004) and antimetastatic activity (Park et al., 2012). 

Recently, the antiinflammatory effects of pinosylvin has been reported. However, 

inhibitory effect of UVB-induced inflammation via the regulation of MAPK 

signaling pathway by pinosylvin in human keratinocyte, HaCaT cells has not been 

investigated. Therefore, in this study, the anti-inflammatory effect of pinosylvin via 

MAPK signaling pathway in human keratinocyte, HaCaT cells. 
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Figure 14. Schematic representation of UV-induced signaling pathway 
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II. Materials and Methods 

 

A. Materials 

 

1. Reagents and antibodies 

Dulbecco’s modified Eagle’s medium (DMEM), fetal bovine serum (FBS), 

sodium pyruvate, L-glutamine, antibiotics-antimycotics solution, and trypsin-

EDTA were purchased from Invitrogen Co. (Grand Island, NY, USA). 3-(4,5-

dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) and other chemicals 

were purchased from Sigma (St. Louis, MO, USA), unless otherwise indicated. 

Goat anti-rabbit IgG-HRP, goat anti-mouse IgG-HRP, goat anti-goat IgG-HRP, 

COX-2, c-FOS, c-JUN, ERK1/2 and p-ERK1/2 antibodies were purchased from 

Santa Cruz Biotechnology Inc. (Santa Cruz, CA, USA). Antibodies against 

SAPK/JNK, p-SAPK/JNK (Thr183/Tyr185), p-c-JUN (Ser73) and p-c-JUN (Ser63) 

were purchased from Cell Signaling Technology (Beverly, MA, USA). Gene-

specific primers were synthesized by Bioneer (Daejeon, Korea). AMV reverse 

transcriptase, dNTP mixture, random primer, RNasin and Taq polymerase were 

purchased from Promega (Madison, WI, USA). Enzyme immunoassay kits used for 

the measurement of PGE2 was purchased from R&D systems (Minneapolis, USA).  
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2. Coumpound 

Pinosylvin (Figure 15) was dissolved in 100% dimethyl sulfoxide (DMSO). 

 

3. Cell culture 

Human keratinocyte, HaCaT cells obtained from the American Type Culture 

Collection (ATCC, Rockville, MD, USA) were cultured in DMEM supplemented 

with 10% heat-inactivated FBS, 100 units/ml penicillin, 100 μg/mL streptomycin, 

and 0.25 μg/mL amphotericin B. Cells was incubated at 37°C, with 5% CO2 in a 

humidified atmosphere. 
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Figure 15. Chemical structure of pinosylvin (PS) 

 

 

 

 

 

 

 

 

 



44 

 

B. Methods 

 

1. Cell proliferation assay 

MTT solution (final concentration of 500 µg/mL) was added to each well and 

further incubated for 3 h at 37°C. Each medium was discarded, and dimethyl 

sulfoxide (DMSO) was added to each well to dissolve generated formazan. The 

absorbance was measured at 570 nm, and percent survival was determined by 

comparison with a control group. 

 

2. Prostaglandin E2 assay 

The expression level of PGE2 was measured with an enzyme-linked 

immunosorbent assay (ELISA) kit (R&D Systems, Minneapolis, MN, USA) 

according to the manufacturer’s instructions. Briefly, HaCaT cells (2.5  10
5
 

cells/mL) were plated and pretreated with the indicated concentration of pinosylvin 

for 2 h prior to stimulation with 15 mJ/cm
2
 of UVB for 18 h. Culture medium 

supernatants were collected for the determination of PGE2 concentration by ELISA. 

 

3. Western blotting 

HaCaT cells were incubated with various concentrations of pinosylvin for the 

indicated times. After incubation, the cells were washed and lysed and the 

quantitative determination of total protein concentration of each group was done by 

BCA protein assay. Equivalent levels of protein from each group were subjected to 
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8-13% sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE). 

Separated proteins were then electro-transferred onto polyvinylidene difluoride 

(PVDF) membranes (Millipore, Bedford, MA, USA). The membranes were 

incubated with 5 % BSA in a mixture of Tris-buffered saline and Tween 20 (TBST; 

1X) for at least 30 min at RT, and then incubated with the desired antibodies 

diluted in 2.5% BSA in TBST overnight at 4°C. After washing the membranes 

three times for 10 min each with TBST, the membranes were incubated with 

horseradish peroxidase (HRP)-conjugated secondary antibodies for 2 h at RT. The 

membranes were washed three times for 10 min each with TBST, and were then 

detected with an enhanced chemiluminescence (ECL) detection kit (Intron, 

Daejeon, Korea). Blots were analyzed by LAS 4000 (GE Healthcare, Little 

Chalfont, UK). 

 

4. RNA extraction and real-time PCR 

Total RNA from cells or tumor tissues was extracted using TRI reagent 

(Invitrogen) and reverse transcribed using the Reverse Transcription System 

(Promega) according to the manufacturer’s instructions. Real-time PCR was 

performed using the iQ
TM

 SYBR® Green Supermix (Bio-Rad, Hercules, CA, USA), 

according to the manufacturer’s instructions. The thermocycling conditions utilized 

were 20 sec at 95°C, followed by 40 cycles of 20 sec at 95°C, 20 sec at 56°C, and 

30 sec at 72°C, followed by 1 min at 95°C, and 1 min at 55°C. All experiments 

were performed in triplicate and analysis was performed using the comparative CT 
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method with β-actin used for normalization. Sequences of primers are listed at 

Table 3. 

 

5. Statistical Analysis 

 Data were expressed as means +/- standard deviation (SD) for the indicated 

number of independently performed experiments. Statistical significance was 

analyzed using the Student’s t-test or one-way analysis of variance (ANOVA) 

coupled with the Dunnett’s t-test. Differences were considered statistically 

significant at *P<0.05 **P<0.01, ***P<0.001. 
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Table 2. Sequences of target gene-specific primers used in RT-PCR 

 

Target genes Sequences 

Human 

COX-2 

Sense 5’－CTTCACGCATCAGTTTTTCAAG－3’ 

Antisense 5’－TCACCGTAAATATGATTTAAGTCCAC－3’ 

Human  

-actin 

Sense 5’－AGCACAATGAAGATCAAGAT－3’ 

Antisense 5’－TGTAACGCAACTAAGTCATA－3’ 
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III. Results 

 

A. Inhibition of prostaglandin E2 production by PS in UVB 

irradiated HaCaT cells 

 

To determine the inhibitory effect of pinosylvin (PS) on prostaglandin E2 (PGE2) 

production, a PGE2 enzyme immunometric assay (EIA) was used. The irradiation 

of keratinocyte cells with 15 mJ/cm
2 
of UVB for 18 h dramatically increased the 

production of PGE2 from the basal level of 18 pg/mL without UVB to 147 pg/mL. 

When the cells were treated with PS for 18 h, the PGE2 production induced by 

UVB was significantly inhibited in a concentration-dependent manner (Figure 16). 

Indomethacin, a positive control, resulted in 18 pg/mL PGE2 under the same assay 

conditions (data not shown). 

MTT assay was performed to evaluate the cytotoxicity of PS in HaCaT cells 

after 15 mJ/cm
2 

of UVB irradiation. No significant effect on cell viability was 

observed at test concentrations of PS, as determined by the MTT assay, indicating 

that the inhibition of PGE2 production by PS was not mediated by a cytotoxic 

effect (Figure 17). 
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Figure 16. Inhibitory effect of PS on UVB induced PGE2 production 

HaCaT cells were irradiated with UVB (15 mJ/cm
2
) in the presence or absence of 

PS. After incubation for 18 h, the amount of PGE2 in the supernatants was 

determined by enzyme immunoassay. Data are expressed as mean ± SD (n=3). 

*P<0.05 **P<0.01, ***P<0.001. 
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Figure 17. Effect of PS on HaCaT cell viability 

The cells were treated with various concentrations of PS for 24 h. The viability of 

the cells was determined by MTT assay. Data are expressed as mean ± SD (n=3). 

*P<0.05 **P<0.01, ***P<0.001. 
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B. Suppression of COX-2 protein and mRNA expression by 

PS in UVB irradiated HaCaT cells 

 

The overproduction of PGE2 is associated with the overexpression of COX-2. To 

elucidate the mechanism of action mediated by PS on the inhibition of PGE2 

production, the effects of PS on COX-2 protein and gene expression were 

determined. HaCaT cells were incubated after UVB (15 mJ/cm
2
) irradiation in the 

presence or absence of various concentrations of PS. After 18 h incubation, total 

mRNA and protein were isolated and further analyzed by RT-PCR and Western 

blotting, respectively. PS suppressed the UV-induced overexpression of COX-2 

protein levels in a concentration-dependent manner (Figure 18).  

To further investigate the effect of PS on the UV-induced enhancement of 

mRNA expression, steady-state levels of COX-2 mRNA were evaluated by RT-

PCR analysis. PS suppressed the UV-induced overexpression of COX-2 mRNA 

levels, suggesting that the inhibition of PGE2 production by PS might be correlated 

with the suppression of COX-2 expression at the translational and transcriptional 

levels (Figure 19). 

  



52 

 

 

 

Figure 18. Effect of PS on COX-2 protein expression 

HaCaT cells were irradiated by 15 mJ/cm
2
 of UVB with or without various 

concentrations of PS for 24 h. Total protein were isolated and further analyzed by 

western blotting. 
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Figure 19. Effect of PS on COX-2 mRNA expression 

HaCaT cells (2.5×10
5
 cells/mL) were irradiated with 15 mJ/cm

2
 of UVB with or 

without various concentrations of PS for 24 h. The expressions of COX-2 mRNA 

were examined by real-time RT-PCR. Data are expressed as mean ± SD (n=3). 

*P<0.05 **P<0.01, ***P<0.001. 
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C. Effect of PS on the expression of MAPK signaling pathway 

 

UV lights activate MAPK family members, such as JNK and ERK. The MAPK 

signaling pathway plays a crucial role in mediating the induction of pro-

inflammatory cytokines (Christman, Lancaster & Blackwell, 1998; Guha, 2001). 

PS suppressed the activation of JNK in UVB-induced HaCaT. The down-stream of 

JNK also was investigated by western blotting. The expression of c-FOS and c-

JUN was suppressed by PS in UVB-induced HaCaT cells (Figure 20). These data 

suggest that the anti-inflammatory activity of PS was also partly associated with 

the suppression of MAPK signaling pathway. 
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Figure 20. Effect of PS on the expression of JNK, c-FOS and c-JUN in UVB-

irradiated HaCaT cells 

HaCaT cells (2.5×10
5
 cells/mL) were treated with various concentrations of PS for 

24 h prior to UVB irradiation. After UVB irradiation for an additional 30 min, 

proteins were extracted and analyzed by western blotting. 
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IV. Discussion 

 

In the course of searching bioactive compounds from natural products with the 

inhibition of UV-induced inflammation, PS inhibited the production of PGE2 in 

UVB-induced HaCaT cells. These inhibitory effects were accompanied by 

decreasing in the expression of COX-2 protein and mRNA, indicating that the 

impaired release of PGE2 can be attributed to the inhibition of COX-2 expression at 

the transcriptional and translational levels. 

It is also known that the acute inflammation and development of skin cancer 

through increased expression of COX-2 are correlated with activation of ERK, 

JNK and p38 MAPK kinase pathway (Chen et al., 2001; Lin et al., 2004; Mahns et 

al., 2004). UVB induces the expression of COX-2 by activation of p38 MAPK in 

HaCaT cells (Chen et al., 2001) or by activation of p38 MAPK and JNK in 

artificial epidermis (Mahns et al., 2004). In this study, the results showed that JNK 

signaling was increased by UVB irradiation and attenuated by PS in HaCaT cells. 

PS inhibited UVB-induced c-Jun phosphorylation and c-Fos expression which is 

down-stream of activated JNK. These results indicate that PS reduce UVB-induced 

c-Jun and c-Fos expression by inhibiting phosphorylation of JNK. PS effectively 

suppresses UVB-induced activation of JNK as well as expression of COX-2, thus 

suggesting that PS may exert its inhibitory effect on UVB-induced COX-2 

expression by inhibiting JNK activities. 
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In summary, this study demonstrates the potent anti-inflammatory activity of PS 

in UVB-induced acute inflammation. A plausible mechanism of action for the anti-

inflammatory activity of PS has been shown for the first time with the suppression 

of JNK signaling pathways. These findings suggest that PS is a promising 

candidate for the management of UV-induced inflammatory responses in human 

skin. 
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Figure 21. Schematic representation of plausible mechanisms of actin of PS in 

HaCaT cells 
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국문초록 
 

Demethoxycurcumin의 멜라닌 생성 
조절 작용 기전 연구 

 

 

서울대학교 대학원 약학과 

천연물과학 전공 

김지혜 

 

사람의 피부색을 결정하는 주요 요인인 멜라닌은 표피의 기저층에 존

재하는 melanocytes에서 여러 단계에 걸쳐 합성되며 이 모든 과정을 

melanogenesis 라고 한다. 본 연구의 대상 물질인 

demethoxycurcumin (DC)은 강황에 함유된 천연물질로 항암, 염증, 알

츠하이머에 대한 치료 효과가 보고 되어 있지만, 미백 효능에 대한 기전 

연구는 보고된 바 없다. 따라서 본 연구에서는 DC의 tyrosinase 및 멜

라닌 생성 억제효능을 분석하여 그 작용기전에 대해 밝히고자 하였다. 

그 결과 DC는 tyrosinase 활성과 melanocyte에서의 멜라닌 생성을 억

제하였다. 또한 melanogenesis 관련 효소계인 tyrosinase, 

tyrosinase-related protein-1 과 -2 (TRP-1, -2)의 단백질 및 유

전자 발현을 효과적으로 억제하였다. Microphthalmia-associated 

transcription factor (MITF)는 멜라닌 생성 시 중요한 역할을 하는 전

사인자로 DC의 MITF에 대한 저해 활성을 확인한 결과 단백질 및 유전
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자 발현이 감소하였다. MITF의 중요한 전사 인자인 SRY-related 

HMG-box 10 (SOX10)의 단백질 발현을 억제하고, phospho cAMP 

response element binding protein (p-CREB)의 DNA binding 활성을 

억제함으로써 MITF의 유전자 발현을 저해시킨다는 것을 확인하였다. 

MITF의 상위 조절 인자의 단백질 발현을 분석한 결과 DC에 의하여 

직접적으로 phospho extracellular signal-regulated kinase (p-ERK), 

phospho serine/threonine-specific protein kinase (p-AKT) 단백질 

발현이 증가하였지만 phospho MITF (ser73)은 증가하지 않았다. 이는 

앞서 MITF의 발현량 자체의 감소로 인하여 phospho MITF (ser73)의 

발현에는 영향이 미미하였을 것으로 여겨진다. 또한 DC는 3D 인공피부

모델에서도 멜라닌 합성 저해 효능을 보였다. 본 연구를 통하여 DC는 

melanocytes에서 MITF를 조절하여 melanognesis를 억제하는 유용한 

미백 후보 물질이 될 것으로 사료된다.  

피부 노화의 가장 주된 원인 중 하나인 자외선에 오래 노출되면 염증

반응, 피부암, 조기 노화를 유발한다. Pinosylvin (PS)은 소나무에 함유

된 stilbenoid 계열의 성분이다. PS는 암예방효과 및 전이억제 작용, 항

진균 등의 효능들이 보고된 바 있다. 본 연구에서는 PS가 자외선에 의

해 유도되는 염증반응을 억제할 수 있는지를 알아보았다. PS는 HaCaT 

cells에서 UVB에 의해 유도되는 prostaglandin E2 (PGE2) 생성을 저해

하는 효능을 보였으며 cyclooxygenase-2 (COX-2)의 단백질 발현을 

억제하였다. 본 연구를 통하여 PS는 keratinocytes에서 자외선에 의해 

유도되는 염증반응을 억제하는 유용한 후보 물질이 될 것으로 사료된다. 
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