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ABSTRACT 

 

 
Acne is a chronic skin disease usually occurring in teenager and twenties. 

According to the government research in 2016, the number of patients 

suffering from acne vulgaris in Korea had been steadily increasing since 

2010. The symptoms vary from the age, sex, diet, lifestyle. Acne pathology 

is characterized by a combination of the hyperproliferation of keratinocytes 

in the epidermis, sebum overproduction, the increasing colonies of 

Propionibacterium acnes (P. acnes) and skin inflammation.  

Especially, Interleukin-1α and interleukin-6 are the prevalent cytokines 

found in the inflammatory lesion of acne vulgaris. When the skin is affected 

by pathogens or damaged by stresses, these cytokines act out as precursors 

of inflammatory reactions in human skin. Moreover, interleukin-1α is 

known to accelerate the production of keratin 16, which expressed in 

wounded or aberrant skin condition, leading to abnormalities of architecture 

and hyper-keratinization.  

Meanwhile, isoflavones are representative flavonoids found in soybeans. 

And through a lot of researchers, it has been declared that their biological 

functions are beneficial for health in decades. Also, there have been 

experiments which revealed the effects of isoflavones metabolites in a 

dermatologic area such as atopic dermatitis, anti-wrinkle, and skin cancer. 
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Because of these reasons, I decided to discover the effective isoflavone and 

examine the biological mechanisms on acne vulgaris. 

In this study, I did research on the anti-inflammatory effects of 3’,4’,5,7-

tetrahydroxyisoflavone, orobol which is the metabolite of genistein. Orobol 

decreased IL-1α. And it also decreased IL-6 induced by heat-killed P. acnes 

in human keratinocyte (HaCaT) cells in compared to salicylic acid. Also, it 

decreased IL-1α, IL-6 mRNA expression. In addition, orobol inhibited the 

phosphorylation of IKKs, IκBα, and MAPKs induced by heat-killed P. acnes. 

And the expression of Ki67 also decreased by orobol.  

Thus, it is expected that orobol could reduce skin inflammation and 

hyper-keratinization induced by heat-killed P. acnes. Also, to determine 

orobol as a fully-effective agent in terms of the acne pathology, the further 

studies for sebum synthesis inhibition and the clinical tests are needed. 

 

Keywords: Orobol; Acne vulgaris; interleukin; Inflammation; hyper-

keratinization 
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Ⅰ. INTRODUCTION 

 

Acne is a chronic skin disease related with sebum and dead skin cells. 

Compared to other skin disease, acne have been considered as common and 

quite prone to relapse and because of this feature, there have been many 

worldwide records from ancient about acne treatments and remedies [1]. 

The symptoms and aspects vary from the age, sex, hormonal effects, diet [2], 

lifestyle [3].  

The number of patients suffering from acne vulgaris in Korea had been 

steadily increasing since 2010. But as time goes on, the range of age which 

confront with acne for the first time in one’s life becomes broader than 

decades ago. Acne is common skin disease and the patient groups are not 

presumed as only puberty or young twenties nowadays. And the age range 

of patients became larger than the past. So, in case of severe acne like 

nodular acne or cysts, the intensive and aggressive approach would be 

effective to relieve the symptoms [4, 5].  

Acne occurs from infundibulum to sebaceous glands, which belong to the 

pilosebaceous units. Its pathology is characterized by a combination of the 

hyperproliferation of keratinocytes in the epidermis, sebum overproduction, 

the increasing colonies of Propionibacterium acnes (P. acnes) and skin 

inflammation [7].  

In particular, Propionibacterium acnes has been suggested as the main 
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pathogen of acne in vitro experiments [8], and it showed that P. acnes 

induces proinflammatory cytokines like IL-1α, IL-6 in sebocytes [8, 9] and 

keratinocytes. Especially, Interleukin-1α and interleukin-6 are the prevalent 

cytokines found in the inflammatory lesion of acne vulgaris [10, 11]. When 

the skin is affected by pathogens or damaged by stresses, these cytokines act 

out as precursors of inflammatory reactions in human skin [12]. 

As the previous step of inflammation pathways explained before, NF-κB 

and AP-1 transcription factors are involved in cytokine modulation and they 

are related with various ligands and receptors. IL-6 is known as the 

representative pro-inflammatory cytokine in human cells. It acts as the 

mediator of immune responses and involves with pathogen-associated 

molecular patterns (PAMPs) related with various infections against 

mammalian cells [13].   

IL-1α is known to accelerate the production of keratin 16, which 

expressed in wounded or aberrant skin condition, leading to abnormalities of 

architecture and hyper-keratinization [14, 15, 16]. In the damaged state of 

the epidermis, the keratinocytes express IL-1α, IL-1β [17, 18]. They 

stimulate the neighborhood cells to proliferate more vigorously, make skin 

layer thicker than before damaged state. This may lead keratinocytes to the 

hyperproliferative state. It contributes to the hyper-keratinization, thus 

accelerates the progression to a severe state of acne [19]. 

IL-1α is pro-inflammatory cytokine which contributes to comedogenesis 
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in acne [20]. It has been mentioned in other studies that IL-1α is related with 

acne lesion [21]. In addition, Toll-like receptor 2 (TLR2) was represented as 

a key mediator of P. acnes-induced inflammatory activities in keratinocytes 

[22, 23].  

In the view of acne pathology, the cell walls with peptide-glycan of P. 

acnes are a pathogenic factor and activate keratinocytes. This bacterial 

infection is also kind of damage to the skin [25]. When acne becomes more 

acerbate, the number of P. acnes is usually also increasing [26]. The increase 

of pathogens stimulates cells located in follicular-infundibulum, then 

stimulated keratinocytes autocrine IL-1α [27].  

IL-1α affects around damaged area and consequently the 

hyperproliferation and inflammation are followed [28, 29]. Because of the 

hyperproliferative state, the thickness of epidermis of acne affected area is 

usually thicker compared with that of a non-acne affected area in vivo [30]. 

And the constituents and proportions are different from a normal state [31, 

32] 

Current anti-acne drug, 13-cis-retinoid is a lipid-soluble molecule, so the 

accumulated drug effects were a burden to patients until the prescription 

date [33]. It has adverse effects like cheilitis, localized exfoliation and even 

dermatitis [34]. Most of these side effects come from dry skin because the 

drug mainly works on the sebaceous cells to decrease lipid synthesis [5, 35]. 

Skin lipids, usually called sebum are consist of neutral lipids like 
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triglyceride, wax ester, and free fatty acids including palmitic acid [5, 36]. 

Sebum prevents the dehydration of epidermis together with dead skin cell 

layer, also called cornified envelope layer [37]. But during treatment period, 

amount of produced sebum is reduced [4, 23, 38, 39], and skin cell layer 

become thinner than before treatment period. This circumstance makes skin 

dry and this dry state of skin is fragile to damages and easy to harm [12, 14]. 

Because of these reasons, 13-cis-retinoic acid affects all four causes of acne 

but still, it remains reluctant to take easily due to the sebo-suppressive effect 

itself. 

As the other prescription medications, there are antibiotics. But they 

could develop a tolerance against not only just P. acnes and other bacteria in 

case of taking antibiotics for long periods [40, 41]. So, as the treatment is 

prolonged, not effective results are. For this reason, dermatologists usually 

prescribe antibiotics with topical retinoids [42]. Topical retinoids also have 

been developed and they are much safer than the oral drugs in terms of the 

affected area because they exert their functions on the skin, not the entire 

body. But topical retinoids act mainly as exfoliants and make skin dry and 

sensitive to UV irradiation.  

On the other hand, as cosmeceutical and functional cosmetic products for 

acne, salicylic acid containing products are getting attention recently. It 

mainly acts as exfoliant to the skin, so it eliminates clogged pores and 

accumulated dead skin cells. It is also effective to the early step of acne 
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developing process because of its comedolytic feature. Although it is a 

common ingredient for acne skin, there are certain limitations. When 

exfoliating and eliminating targeted area, other normal or rather sensitive 

area also would be affected by salicylic acid. And the frequency of use and 

dose could be the problem, because it could make skin vulnerable to the 

various environmental stimuli and pathogens like UV, dehydration. These 

may cause the unwanted damages and irritations to the skin, leading to 

erythema, sunburn, hypersensitivity reactions, desquamation, dermatitis or 

other cutaneous diseases by excessive peeling [34].  

To summarize up the common feature of currently prescribed acne 

treatments and products, they are usually not adequate for most of acne 

patients who have the mild scale of the disease. Because oral retinoids affect 

the whole body systemically, and antibiotics are concerned about the 

tolerance against bacteria. Topical retinoids affect the proliferation thus 

modulate the turn-over periods of skin, but they also may cause undesirable 

damages consequently, which are the adverse outcomes to the symptoms 

and so does salicylic acid. Thus, not just medical treatments, but the acne-

focused skin cosmeceutical products are necessary for the relief and 

preventive purpose to be used in daily [1]. 

On the other hand, isoflavones are strong anti-inflammatory agents and 

have anti-cancer effects through inhibiting NF-κB [24, 43, 44]. In addition, 

in acne pathology, inflammatory activities in keratinocytes and sebocytes 
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mainly result from NF-κB related signaling pathways [45]. Taken together, 

we assumed that isoflavones could downregulate inflammatory activities in 

acne by prohibiting the activities of NF-κB transcription factor and other 

associated kinases. 

Genistein exerts its effect as an angiogenesis inhibitor, anti-cancer, anti-

oxidant, and tyrosine kinase inhibitor [51, 52]. Our laboratory focused on 

the biological function of genistein and its metabolite, orobol which is the 

converted form of genistein. Genistein has three hydroxyl group but through 

conversion with tyrosinase activities, an additional hydroxyl group is added 

and orobol is produced in up to 99.9 % purity level which depends on the 

batch culture systems and conditions of microorganisms.  

In comparison with orobol, genistin and daidzin are relatively abundant 

isoflavone forms which exist in nature and both have a glucose on their 

structures. When a glucose is eliminated from the original form, these 

isoflavones become genistein, daidzein and hydroxyl group remains at the 

previous position. Finally, through β-oxidation of tyrosinase, the isoflavones 

have an additional hydroxyl group onto their 3' carbon position and they are 

converted orobol and 3'-ODI respectively.  

In decades there have been results declared that the effects of some 

isoflavones metabolites were surpassed original isoflavones in a 

dermatologic area such as atopic dermatitis [48], anti-wrinkle [49], and skin 

cancer [50]. The research conducted with orobol in the laboratory revealed 
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that the main effect of orobol is the anti-inflammatory effect. Especially, 

orobol reduces MMP-1 expression induced by UV irradiation significantly 

than other isoflavones through downregulating MAPK signaling pathways 

in HaCaT keratinocytes and registered as a patent. 

MAPK pathway is involved in direct cellular responses from various 

stimuli and discovered many diverse pathways in eukaryotic cells. In 

keratinocytes, MAPK signaling pathways are known to regulate cell growth, 

proliferation, differentiation, immune responses against physiological 

damage or viral, bacterial infections.  

In acne lesion, as much as keratinocytes, the sebocytes take part to initiate 

the pathogenesis by producing the sebum [54, 55]. By far the effective acne 

treatments aim to reduce sebum synthesis, it is very important to examine 

and quantify the amounts of sebum in terms of evaluating the efficacy of 

new drugs or materials for acne [56, 57]. Oil Red O staining method is a 

prevalent test to confirm the amounts of neutral lipids in anti-obesity related 

research and experiments usually using adipocytes or other cell lines which 

has lipid synthesis pathways [58].  

When progenitor cells, sebocytes express peroxisome proliferator-

activated receptors (PPARs) strongly which are essential to cell metabolism 

[59, 60, 61, 62] and this protein is the biomarker of evaluating lipogenesis in 

vitro [63]. Including this report, sebocytes exhibit some character of 

adipocytes in terms of metabolism [64]. And before the experiments, there 
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were studies and the patent about the anti-adipogenesis effect of orobol 

through reducing the expression of PPARs in our laboratory.    

Taken together, the number of acne patients is steadily increasing but the 

symptoms are concentrated in mild or moderate level. There have been acne 

treatments products, but most acne patients are not required to adapt to their 

high effects and functions. So, I decided to discover the more effective and 

safe materials than the present acne-functional cosmetic ingredients in 

isoflavone group and examine its biological mechanisms in this study. 
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Ⅱ. MATERIALS AND METHODS 

 

2.1. Chemicals and reagents 

Orobol is produced and provided by Prof. Byung-Gee Kim 

laboratory (Seoul National University, Seoul, Korea). Orobol was o-

hydroxylated by genistein with > 99.9 % conversion yield. It was 

biotransformed by tyrosinase expressed from Bacillus megaterium. 

Genistein was purchased from Sigma-Aldrich (St. Louis, MO). Dulbecco’s 

modified eagle medium (DMEM) was purchased from Wel-Gene (Chung-

nam, Korea). Fetal Bovine Serum (FBS) was bought from Sigma-Aldrich. 

Penicillin-Streptomycin Solution was bought from Mediatech, Inc. 

(Manassas, VA). The antibodies of phosphorylated IKKα/β, total IKKα, total 

IKKβ,  phosphorylated IκBα, total IκBα, phosphorylated MEK1/2 

(Ser217/Ser332), total MEK1/2, phosphorylated MKK3/6 (Ser189/Ser207), 

total MKK3β, phosphorylated MKK4, total MKK4, phosphorylated p38, 

total p38, phosphorylated JNK, total JNK, phosphorylated p90RSK, total 

RSK, phosphorylated MSK1 (Ser360), total MSK1, phosphorylated c-jun, 

total c-jun were purchased from Cell Signaling Technology Inc. (CST, 

Beverly, MA). phosphorylated ERK1/2 (Thr202/Tyr204), total ERK1/2 and 

β-actin were purchased from Santa Cruz Biotechnology (SC, Dallas, TX). 

The protein assays reagent kits were purchased from Bio-Rad Laboratories 

(Hercules, CA).  
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2.2. Cell culture and treatments 

HaCaT cells were purchased from CLS (CLS Cell Lines Services 

GmbH, Heidelberg, Germany). SEB-1 cells were donated from Dr. D. M. 

Thiboutot laboratory (Penn State College of Medicine, Penn State Milton S. 

Hershey Medical Center, Pennsylvania, USA) and cultured by Dr. Suh DH 

(Seoul National University Hospital, Seoul, Korea). HaCaT cells were 

cultured in DMEM with 10 % (v/v) FBS and 1 % (v/v) 

penicillin/streptomycin at 37 °C and 5 % CO₂. SEB-1 cells were cultured in 

DMEM (Invitrogen, Carlsbad, CA) with 5.5 mM glucose/Ham’s F-12 3:1 

(Invitrogen), FBS 2.5 % (HyClone, Logan, UT), adenine 1.8 x 10-⁴M 

(Sigma, St Louis, MO), hydrocortisone 0.4 ug/ml (Sigma), Insulin 10 ng/ml 

(Sigma), epidermal growth factor 3 ng/ml (Austral Biologicals, San Ramon, 

CA), and cholera toxin 1.2 x 10-10 M (Sigma) at 37 °C and 5 % CO₂.  

  

2.3. Propionibacterium acnes preparation 

Propionibacterium acnes were cultured on solid agar in petri dish, 

anaerobic condition by spreading method for 4-5 days. When the bacteria 

fully grew up and the colonies were formed, the colonies were harvested 

with inoculating loop and dissolved in 50 ml of agar broth. Using 

spectrophotometer, the absorbance of each P. acnes contained tubes were 

calibrated in compare with the blank. After calibration, centrifugation the 

tubes at 10,000 g, 4 ℃ for 10 min was proceeded. The supernatants were 
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discarded and 1x PBS were added to wash the pellets. After centrifugation 

and washing for 2 times more, the tubes were set in a preheated stirrer at 

65 ℃ for 30 min. When the stirring was over, centrifugation the tubes at 

10,000 g, 4 ℃ for 10 min was proceeded. After the step ended, supernatants 

were discarded and serum free DMEM was added to dissolve the pellets 

following the optimal density value of each tubes. Taken enough agitation 

using the vortex machine, the P. acnes contained DMEM was set apart into 

each 2.0 ml tubes and left in -80 ℃ refrigerator. 

 

2.4. Cell viability 

The cell cytotoxicity was measured by MTT (3-(4,5-

Dimethylthiazol-2-yl)-2,5-Diphenyltetrazolium Bromide) assay. HaCaT 

cells were cultured in the 96 well plate at a density of 2 x 10⁴ cells/well and 

incubated in DMEM–10 % FBS containing penicillin/streptomycin at 37 °C 

and 5 % CO₂ atmosphere. SEB-1 cells were cultured in the 96 well plate at a 

density of 1 x 10⁴ cells/well and incubated at the same condition with 

HaCaTs. HaCaT cells were starved in serum-free DMEM for 12 h. The 

different concentrations of samples contained in media were treated 100 ul 

per well and incubated. After 23 h of incubation, MTT solution was treated 

to the cells for 1 h. The formazans in 96 well plate dissolved in DMSO. The 

absorbance at 480 nm was measured by microplate reader (Molecular 

Devices, CA). 
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2.5. Luciferase reporter gene assay 

Transfected HaCaT cells with luciferase gene at NF-κB and AP-1 

position were cultured for 24 h and each transfected cells were seeded in 96 

well plate at a density of 2.0 x 104 cells/well seperately. After 24 h hours 

cells were incubated in serum-free DMEM for 12 h. The cells were pre-

treated with serum-free DMEM dissolved orobol for 1 h then heat-killed P. 

acnes (MOI 100) were treated for 12 h. After the treatment, the cells were 

washed with 200 ul of 1x PBS for twice. The cell membrane and nuclear 

membrane were lyzed with 80 ul of luciferase assay lysis buffer. After 

through enough agitation for lysis, the each samples were removed from 

culture plate to the non-transparent white 96 well plate. The software 

Glowmax and Promega 96 well microplate reader were used to measure and 

calculate the luciferase enzyme activities. 

 

2.6. Enzyme-linked immune-solvent assay 

HaCaT cells were seeded in 12 well plate at a density of 2.5 x 10⁵ 

cells/well and cultured for 24 h, and were incubated in serum-free DMEM 

for 12 h. After starvation, the cells were pre-treated with different 

concentrations of orobol for 1h, before heat-killed P. acnes treatment (MOI 

100) for 24 h. After 24 h, the media was harvested immediately and 

centrifugated at 4 °C for 10 min. And 80 % of supernatant were collected 

and used for the assay. Immunoplates were purchased from SPL Life 
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Sciences Inc. (Korea). Antibodies, reagents, substrates for IL-1α and IL-6 

were purchased as kits from R&D Systems, Inc (Minneapolis, MN, USA). 

After harvesting media, the next steps were proceeded as mentioned in the 

protocols provided from the manufacturers. The absorbance was measured 

by using microplate reader. 

 

2.7. Real-time quantitative PCR 

HaCaT cells were seeded in 6 well plate at a density of 5.0 x 10⁵ 

cells/well and cultured for 24 h and incubated in serum-free DMEM for 12 h. 

Cells were treated with orobol and genistein for 1 h and after sample 

treatment, heat-killed P. acnes (MOI 100) were treated for 1 h. RNAiso Plus 

(Takara Bio Inc., Shiga, Japan) was used as trizol, to isolate mRNA from 

cells. The purified mRNA was dissolved DEPC water and quantified by 

NanoDrop ND-2000 spectrophotometer (Thermo Fisher Scientific, Waltham, 

MA). The reverse transcript with oligo-dT primers were prepared using a 

PrimeScript 1 strand cDNA synthesis Kit (Takara Bio, Inc.). IQ SYBR 

mixture with primers and cDNA were loaded on the 96 well PCR plate in 

triplicate. β-actin was used as loading control. The primer sequences were 

followed: IL-1α forward (5’-TGGTAGTAGCAACCAACGGGA-3’); IL-1α 

reverse (5’-ACTTTGATTGAGGGCGTCATTC-3’); IL-6 forward (5’-

CAATCTGGATTCAATGAGGAGAC-3’); IL-6 reverse (5’-

CTCTGGCTTGTTCCTCACTACTC-3’); β-actin forward (5’-
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TCCTCACCCTGAAGTACCCCAT-3’); β-actin reverse (5’-

AGCCACACGCAGCTCATTGTA-3’).  

 

2.8. Western blot 

HaCaT cells were seeded in 6 cm cell dish at a density of 5.0 x 10⁵ 

cells/well and cultured for 24 h and incubated in serum-free DMEM for 12 h. 

After starvation, the cells were treated with orobol for 1 h. And heat-killed P. 

acnes (MOI 100) were treated. Cytosolic and nucleus proteins of cell debris 

were dissolved by RIPA cell lysis buffer and left on ice. After the voltex in 

every 10 min for 3 times, Centrifugation at 14,000 rpm, 4 °C for 10 min was 

proceeded. The collected supernatants were used for protein quantification 

and western blot protein samples. The quantified protein samples were 

separated by SDS-PAGE method, which used 10 % SDS-polyacrylamide gel 

and transferred on PVDF membrane (Millipore, Merck, NJ, USA). The 

membranes were blocked by 5 % skim milk for 1 h and incubated with the 

primary antibodies at 4 °C on the linear shaker for overnight. After TBS-T 

washing, the membranes were incubated with HRP-conjugated secondary 

antibodies (Santa Cruz Biotechnology, CA) diluted as 1: 5,000 in skim milk, 

at room temperature on the linear shaker for 1 h. Protein bands were 

visualized by ECL detection reagents (Amersham, GE Healthcare Life 

Science, Little Chalfont, UK). Western blot data were quantified by ImageJ 

program (National Institute of Health, Bethesda, MD).   
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2.9. Immunofluorescence  

Coverslips were coated by poly-D-lysine at least 4 hours and coated 

again with collagen (type 1) under UV radiation for sterilization. HaCaT 

cells were seeded onto the coverslips in 3 cm cell dish at a density of 5.0 x 

10⁵ cells/dish and cultured for 24 h. After every step of cell treatments, 1x 

PBS was used as a washing buffer and 4 % formaldehyde was used to cell 

fixation. Before blocking, 0.1 % Triton-X in 1x PBS was used as a 

permeation agent. After blocking step ended, primary antibodies diluted in 

blocking solution were added and treated overnight at 4 °C. Secondary 

antibodies were treated for 2 h, at RT in the shade. For counterstaining agent, 

DAPI (4',6-diamidino-2-phenylindole) was used and FITC (Fluorescein) 

was used for the secondary antibodies and fluorescence dye. Coverslips 

were lay down onto the mounting medium (VECTASHIELD, Vector 

Laboratories, Inc, USA). Confocal microscope ZEISS LSM 880 (Carl 

ZEISS, Germany) was used to capture and visualize the signals from the 

samples. 

 

2.10. Statistical analysis 

Results were presented as means standard deviation (SD). 

Differences between control and P. acnes induction group were assessed 

with Student’s t-test. To compare the differences between P. acnes induction 

group and sample-treated groups, one-way ANOVA with post-hoc Duncan 
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was proceeded. For the compare of the intensity of blots and fluorescence, 

Image J ver. 1.51 (NIH, Bethesda ML) was used. All data were statistically 

analyzed with IBM SPSS Statistics ver. 22.0 (IBM Co., Armonk NY) and 

the data with p-value less than 0.05 were regarded as significant data.  
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Ⅲ. RESULTS 

 
3.1. Among the six isoflavones, orobol significantly decreases 

inflammatory cytokines induced by heat-killed P. acnes in HaCaT 

keratinocytes. 

As isoflavones are known to be beneficial especially for anti-

inflammatory effects in dermatological area, I selected the six isoflavones 

which have been studied their biological functions and the mechanisms and 

examined their functions through experiments (Figure 1A). 

Before investigating the effects of orobol, I conducted MTT assay to 

confirm the adequate concentration. Orobol had no cytotoxicity in HaCaT 

keratinocytes in the presence of the heat-killed P. acnes (Figure 1B). 

Then, the amounts of IL-6 had been measured by ELISA. IL-6 increased 

in stimulated keratinocytes by the heat-killed P. acnes and along with this 

result, the isoflavones treated cells expressed the cytokine. Among the six 

isoflavones, orobol expressed the least amounts of IL-6 than any other 

isoflavones in all concentrations (Figure 1C).  

As a positive control of acne-functional cosmetic ingredient, salicylic acid 

was selected against orobol and their anti-inflammatory effects were 

measured by ELISA. Orobol decreased more amount of IL-6 than salicylic 

acid decreased (Figure 1D).      

Not only orobol decreased the IL-6 expression (Figure 1E), ELISA also 
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confirmed the decreased expression of IL-1α (Figure 1F), the cytokine 

which usually expressed in the wounded or damaged state of skin, leading to 

the hyper-keratinization of epidermis.  

This data suggested that orobol suppressed inflammation induced by the 

stimulation of the heat-killed P. acnes and prevented the hyperproliferation 

by inhibiting the synthesis of pro-inflammatory cytokines. 
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Figure 1 
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Figure 1 
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Figure 1 
 

E                    F 

 
 

Figure 1. Anti-inflammatory effects of orobol against the stimulation of 

the heat-killed P. acnes in keratinocytes. 

Figure 1A. To verify the most effective isoflavone for acne-induced 

inflammatory activities, a sort of group consists of six isoflavones was 

chosen. Among various isoflavones, the metabolite of genistin and daidzein 

were selected as relative materials. Figure 1B. The cell viability with 

serially diluted orobol was measured at the range from 1.25 μM up to 80 μM 

in the presence of the heat-killed P. acnes. After 24 hours, MTT (3-(4,5-

dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) assay was 

performed. Throughout the experiments, adequate sample concentration 

range was established to figure out the mechanism of orobol.  

Figure 1C. ELISA was conducted to quantify the amounts of IL-6 for 

evaluating the anti-inflammatory effects of isoflavones. The cells were pre-

treated with the sample for 1 hour and stimulated with the heat-killed P. 



 

 

27 

acnes. As a result, among the six isoflavones orobol showed the most 

significant reduction of IL-6 compared with other isoflavones in a 

concentration dependent manner. Orobol significantly decreased IL-6 by 

51% in keratinocytes treated with 2.5 μM. Figure 1D. In comparison with 

the anti-inflammatory effect of salicylic acid, the orobol pre-treated groups 

represented more decreased amounts of IL-6 than the salicylic acid treated 

groups. Figure 1E, 1F. Orobol decreased inflammatory cytokines, IL-6 and 

IL-1α by 51% and 12% versus the induction groups relatively. 
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3.2. Orobol decreases mRNA level of inflammatory cytokines induced 

by heat-killed P. acnes in HaCaT keratinocytes. 

In the previous data, orobol decreased the pro-inflammatory cytokines 

induced by the heat-killed P. acnes. Thus, orobol exhibits anti-inflammatory 

effects in keratinocytes. To understand exact molecular mechanisms of anti-

inflammatory activities of orobol, quantitative real-time PCR was conducted.  

As the sample was treated with the heat-killed P. acnes in HaCaT 

keratinocytes, the results showed that the mRNA levels of IL-6 (Figure 2A) 

and IL-1α (Figure 2B) were significantly decreased respectively. In 

conclusion, orobol decreased pro-inflammatory cytokines not only in 

protein level, but also in mRNA level. 
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Figure 2 
 

A                   B 

 
 

Figure 2. Orobol exerts its anti-inflammatory activities in mRNA level.  

The mRNA was isolated from the activated HaCaT keratinocytes to 

perform the quantitative real-time PCR to verify the relative abundance of 

IL-6 mRNA and IL-1α mRNA level. Following the results of ELISA, the 

mRNA levels of each cytokines were also decreased by orobol. In 

conclusion, orobol decreased pro-inflammatory cytokines. 

Figure 2A. The mRNA expression level of IL-6 decreased significantly in 

a concentration dependently. Figure 2B. Likewise, the level of IL-1α also 

significantly decreased more than 2 times compared to the induction group 

when treated with 10 μM of orobol. 
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3.3. Orobol inhibits the activities of transcription factor NF-κB, AP-1 

induced by heat-killed P. acnes in human keratinocytes. 

Moreover, the heat-killed P. acnes involves in inflammatory pathways as 

a pathogen, it is recognized by the Toll-Like-Receptor 2 (TLR2) and it 

promotes the cytokines like IL-1α, IL-1β, IL-6, TNFα and many other 

molecules. TLR2 signaling activates nuclear factor-kappa B (NF-κB) and 

mitogen-activated protein kinases (MAPKs) signaling pathways.  

In the consequence of the TLR2 activation, these two kinds of 

transcription factors are involved in the inflammation pathways in 

keratinocytes. NF-κB and AP-1 are known as the main pathways in acne 

pathology. P. acnes suspension treatment activated those transcription 

factors in keratinocytes [46]. With regards to these data, I focused on the 

relationship with inflammatory activities and the activation of these two 

transcription factors.  

As a result, luciferase assay showed the treatment of the orobol decreased 

the transcription activities of both NF-κB (Figure 3A) and AP-1 (Figure 3B). 

Thus, it could be assumed that the NF-κB and AP-1 plays main activities 

related with the inflammatory cytokines responses in acne. 

In summary, orobol suppressed the immune responses via inhibiting the 

transcription factors, the downstream of TLR2 signaling pathways induced 

by the heat-killed P. acnes in keratinocytes (Figure 3C). 
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Figure 3 
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Figure 3. Orobol downregulates the inflammatory activities through the 

inhibition of the transcription factor’s activities. 

Luciferase assay was performed and quantified the relative luminescence 

of NF-κB and AP-1 transcription activities relatively in HaCaT 

keratinocytes. The transfected HaCaT cell lines at NF-κB and AP-1 

positions each were seeded in 96 well plates. After the stimulation with the 

heat-killed P. acnes, the cell lysate was collected then the luminescence of 
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each cell line was measured.  

Figure 3A, 3B. Orobol decreased the activities of NF-κB transcription 

factor. Also, it decreased that of AP-1 transcription factor at 10 μM. Figure 

3C. Orobol inhibited the activities of transcription factor NF-κB and AP-1 

induced by the heat-killed P. acnes in human keratinocytes, thus reduced the 

expression of pro-inflammatory cytokines. 
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3.4. Orobol decreases the phosphorylation of IKKs and IκBα induced 

by heat-killed P. acnes in HaCaT keratinocytes. 

Following the previous results, it was proved that orobol decreases the 

inflammatory activities through the inhibition of NF-κB activity. 

To examine the effects of orobol, western blot assay was proceeded. As 

the blot data showed, the phosphorylated IKKα and IKKβ were decreased 

against those of basal forms (Figure 4A).  

Consequently, the phosphorylated form of IκBα was also decreased. We 

could assume that orobol downregulated NF-κB related inflammatory 

pathway induced by the heat-killed P. acnes in keratinocytes (Figure 4B). 
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Figure 4 
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Figure 4. The decrease of phosphorylated IKKs, IκBα is related with 

the anti-inflammatory effects of orobol. 

The anti-inflammatory effects of orobol was examined by western blot 

assay. The cell lysates were collected and arranged following the molecular 

weight by SDS-PAGE.  

Figure 4A. Western blot was performed with cell lysates and each 

phosphorylated form of IKK, IκBα expression was evaluated versus the 

basal forms. Figure 4B. Orobol decreased the phosphorylation of IKK, 

IκBα induced by the heat-killed P. acnes in keratinocytes, thereby reduced 

transcription activities of NF-κB. 
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3.5. Orobol decreases the phosphorylation of MAPKs induced by heat-

killed P. acnes in HaCaT keratinocytes. 

Following the luciferase results, it was proved that orobol decreases the 

inflammatory activities through not only the inhibition of NF-κB activity, 

but AP-1. To activate AP-1 transcription factor, mitogen-activated protein 

kinases (MAPK) should be phosphorylated at the upstream of the 

transcription factor. Thus, western blot assay was conducted to verify 

whether orobol could decrease the phosphorylation of MAP kinases 

involved in the downstream of the AP-1 related inflammation pathways 

induced by the heat-killed P. acnes in HaCaT cells.  

As the blot data showed, the phosphorylated MEK1/2, ERK and p90RSK 

of orobol treated groups were decreased compared with only the heat-killed 

P. acnes treated group (Figure 5A). Likewise, the phosphorylated amounts 

of MKK4, JNK and c-jun of orobol treated groups were decreased compared 

with only the heat-killed P. acnes treated group (Figure 5B). And another 

MAPK pathway, MKK3/6, p38 and MSK1 also showed decreased 

phosphorylated forms compared with only the heat-killed P. acnes treated 

group (Figure 5C).  

In conclusion, orobol inhibited the transcription activities of AP-1 and 

reduces amounts of inflammatory cytokines because it inhibited the 

phosphorylation of MAPKs (Figure 5D). 
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Figure 5 
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Figure 5. The decrease of phosphorylated MAPKs is related with the 

anti-inflammatory effects of orobol. 

The anti-inflammatory effects of orobol were examined by western blot 

assay. The cell lysates were collected and arranged following the molecular 

weight by SDS-PAGE. Figure 5A, 5B, 5C. The downstream involved 
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kinases of AP-1 (ERK, JNK, p38) were affected by orobol and their 

phosphorylated expressions were decreased. The protein bands were 

examined and displayed in signal cascades starting from MAP3K. Figure 

5D. Orobol decreased the phosphorylation of MAPKs induced by the heat-

killed P. acnes in keratinocytes, thereby reduced transcription activities of 

MAPKs.  
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3.6. Orobol decreases the expression of Ki67 induced by human 

interleukin-1α in HaCaT keratinocytes. 

IL-1α is known to be synthesized from keratinocytes and accelerate the 

cells to proliferate through IL-1 receptor [24, 65]. At previous experiments, I 

presented the heat-killed P. acnes increased IL-1α up to 140 pg/ml in HaCaT 

keratinocytes via ELISA [22, 76].  

Following the results, I focused on the effect of IL-1α on keratinocytes 

and conducted experiments to examine whether orobol could prohibit the 

effect of IL-1α and thus reduce hyperproliferation of keratinocytes. To 

figure out the extent of proliferation, immunofluorescence was proceeded 

and the intensity of Ki67 [22, 31], the proliferation marker was measured. 

As a result, the orobol treated group of keratinocytes showed significantly 

decreased Ki67 intensity compared with those of IL-1 treated group and the 

analytical difference between groups was displayed together (Figure 6A, 

6B). In conclusion, orobol decreased the hyperproliferation of HaCaT 

keratinocytes affected with IL-1α. And the result also suggested that orobol 

also could decrease the cytokine under the existence of P. acnes in 

keratinocytes thus reduce the hyper-keratinization. 
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Figure 6 
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Figure 6. The hyperproliferation induced by interleukin-1α is decreased 
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by orobol in keratinocytes.  

HaCaT cells were pre-treated with 10 μM of orobol for 1 hour and 

stimulated by 100 ng/ml of human IL-1α (IL-1α). The cell proliferation was 

represented by fluorescent intensity of Ki67. DAPI was used as counterstain.  

Figure 6A. IL-1α was participated as a byproduct of inflammatory 

activities and the proliferation in this experiment. IL-1α treated group 

expressed apparent Ki67 intensity than the orobol treated group. Figure 6B. 

The relative intensity of Ki67 between the control group and the induction 

group was measured and indicated by Image J. The difference appeared as 

significant and following this result, it was suggested that orobol suppresses 

hyper-keratinization in acne lesions by prohibiting effects of IL-1α leading 

to the hyperproliferation.      
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3.7. Orobol decreases the amounts of sebum synthesis in human SEB-1 

sebocytes. 

To examine the sebum synthesis inhibition of orobol, MTT assay of 

orobol in SEB-1 sebocytes were proceeded in advance. It showed that 

orobol had no cytotoxicity in 24 hours and 48 hours but in 72 hours the 

relative cell viability is decreased when treated with highest concentration 

(Figure 7A). Nevertheless, Oil Red O staining was carried out through 48 h, 

thus the following results of Oil Red O staining was considered as validate 

enough [8]. 

The amount of sebum synthesized from SEB-1 sebocytes were evaluated 

with Oil Red O staining. When the cells were treated with high 

concentration the red dyed sectors of sebum were decreased compare to 

those of control group cells (Figure 7B). This result represents that orobol 

inhibited sebum synthesis in SEB-1 sebocytes. 
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Figure 7 
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Figure 7. Orobol suppresses the sebum synthesis in SEB-1 sebocytes. 

SEB-1 sebocytes were seeded in 96 well plate. After 24 hours, serially 

diluted orobol was added to media and the cytotoxicity was measured at 24, 

48, 72 hours. Figure 7A. It appeared orobol had no toxicity except at 72 

hours in its highest concentration. To investigate the amounts of produced 

sebum in SEB-1 sebocytes, Oil Red O staining method was conducted. The 
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cells were treated with 69.9 μM of orobol in 24 hours. After the treatment, 

the synthesized sebum was dyed with Oil Red O. Figure 7B. In comparison 

with the control, the orobol treated group expressed less amounts of sebum 

than that of control group. According to this result, orobol reduced the 

sebum synthesis of SEB-1 sebocytes, thus it could attribute to sebum over-

production and accumulation in acne lesions.  
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3.8. Orobol inhibits Propionibacterium acnes growth. 

To examine the antibacterial effects of orobol against alive P. acnes, agar 

diffusion test and minimal inhibition concentration (MIC) test were 

conducted respectively.  

In agar diffusion test, 1 mg of orobol treated group had recorded 21 mm 

in diameter relative with quality control group of 18mm in diameter (Figure 

8A). Compare to 2 ug of clindamycin as positive control, orobol also 

showed its antibacterial effect. 

In MIC test, orobol represented antibacterial effect on P. acnes at 

concentration of 0.313 mM/ml relative with quality control group (Figure 

8B). To summarize up the results, orobol had antibacterial effect against P. 

acnes because it inhibited the growth of the bacteria. In this aspect, orobol 

exerted its effects against not only the heat-killed P. acnes but alive bacteria.        
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Figure 8 
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Figure 8. Orobol has antibacterial effect against P. acnes. 

A Disc diffusion test was conducted to examine the growth inhibition 

effect of orobol against P. acnes. In case of orobol group, sample area was 
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following the agar-well diffusion method to prevent sample flow-out from 

the center and the other steps were conducted as disc diffusion method, 

same with the control group. Figure 8A. In orobol treated plates, it formed 

the growth inhibition zone and its diameter was 21 mm. The positive control 

group showed 38 mm diameter of growth inhibition zone in the same 

condition.  

To verify the exact minimum concentration of growth inhibitory effect, 

MIC test was conducted. Starting from 10 mM, serially diluted orobol was 

treated in the growth media with alive P. acnes suspensions at different 

concentrations of test tubes. The P. acnes media were cultured in anaerobic 

condition at 37 ℃ in 48 hours. Figure 8B. While the positive control, 

clindamycin inhibited the growth of P. acnes and quality control bacteria at 

0.06 μg/ml, orobol inhibited the growth of P. acnes at its minimal 

concentration of 0.313 mM/ml. 
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Ⅳ. DISCUSSION 

 

There have been various kinds of products and materials to prevent acne 

for decades or even more. In clinical view, the most effective acne treatment 

is oral isotretinoin. It is also called 13-cis-retinoid and belongs to a kind of 

retinoid family. Isotretinoin is very well-known for its strong effect onto 

sebaceous glands and cell proliferation, so it is usually prescribed to treat 

severe acne in worldwide [11, 66]. However, retinoids have adverse effects 

like cheilitis, localized exfoliation and even dermatitis [33, 34]. Most of 

these side effects come from dry skin because the drug mainly works on the 

sebaceous cells to decrease lipid synthesis [5].  

Since developed, there have been no other drugs or pharmaceuticals to be 

superb than this drug in effects [7, 67]. In clinical area, acne patients have 

been prescribed isotretinoin for decades and the data have supported its 

effects. But the lack of safety for long-term intake, the researches about 

sebaceous glands and acne keep proceeding to replace isotretinoin and 

develop new products [68]. 

Salicylic acid is a versatile material for acne skin care, because it could be 

the ingredient of both pharmaceuticals and functional cosmetics. The only 

difference between two categories is the total contents of salicylic acid and 

pharmaceutical products contain more salicylic acid, usually up to 2%, than 

cosmetics. It exhibits anti-inflammatory effects and lipid soluble, so it is 
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possible to absorb into skin layer and dissolve the solidified sebum and dead 

keratin layers. Because of these feature, relatively low dose of salicylic acid 

has been used as the exfoliating agent in cosmetic industries. 

However, salicylic acid is rather safe than the long-term use of the 

retinoids drugs, but it also has some limitation related with safety, similar 

with topical retinoids. First, it is one of kinds of organic acid. Thus, 

dependently on the frequency of use, it may cause hypersensitivity or 

allergic skin and make skin more fragile to the environmental stimuli like 

UV irradiation, skin dehydration and bacterial infection. Besides, salicylic 

acid has both exfoliating and anti-inflammatory effects. But sebo-

suppressive and antibacterial effects are also important pathological factors 

in acne.   

Current acne treatments, isotretinoin and salicylic acid are not adequate 

ingredients for daily use because they affect beyond targeted areas and their 

relatively strong effects may cause adverse results to acne lesions. Thus, the 

less intensive, and effective ingredient is necessary for the acne functional 

cosmetics. In this study, I did research on the anti-inflammatory and anti-

hyperproliferation effects of orobol in keratinocytes. 

There have been reports that the extracts from plants could eradicate the 

biofilm of the bacteria [40]. Not only the researches about the complex of 

natural chemicals, studies investigating the functions of single chemical also 

have been proceeded. Epigallocatechin-3-gallate (EGCG) is one of the 



 

 

49 

typical flavonoids found in green-tea [10]. It has anti-acne effects in all for 

causes of acne. Flavonoids are known to have anti-inflammatory effects and 

in case of EGCG, it has anti-adipogenesis effect [69] thus it could be 

assumed that EGCG exerts its effect on sebocytes. Recently, the single 

chemical, Lupeol found in the extract of egg-plant was also claimed as anti-

acne agent in a similar way with EGCG, also affects in all causes of acne [6].  

Interestingly, the extract of fungus producing beneficial compounds was 

also reported as effective for P. acnes induced inflammation in vitro [46]. 

Although the origins of the chemicals and their molecular mechanisms are 

different, the objective of researches and experiments for seeking acne-

effective agents have been designed quite similar way - the decrease of 

sebum synthesis, cell proliferation, inflammatory activities and the number 

of bacteria - until now.   

Propionibacterium acnes (P. acnes) is consist of the skin flora in normal 

and usually it is inert to be a pathogen. But comparing to the circumstance 

of the acne lesions, it was discovered that their number is higher than that of 

normal state [69]. P. acnes is one of the targets according to pathological 

aspect to be diminished [70, 71, 72], so it was utilized as the inflammation 

inducer in keratinocytes in this research. And following the previous paper 

about orobol and isoflavones as MAPK inhibitor, I expected orobol to affect 

in a similar way to that inhibition mechanism of MMP-1. 

In the immunoprecipitation, Orobol decreased IL-6 most significantly 
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than the other isoflavones and even in comparison with salicylic acid, 

orobol treated groups showed more decreased results than the salicylic acid 

treated groups. In addition, it also decreased IL-1α induced by heat-killed P. 

acnes in HaCaT keratinocytes. In this data, the gaps of measured amounts of 

IL-1α between different sample concentrations were not distinct from each 

other by far. It may be related with the problem of the induction time. In this 

study, we did not evaluate the expression of TLR2. Thus, it should be 

discussed whether the signal cascades from the receptor activate the immune 

system because of change of expression TLR2 or not.  

The luciferase assay results confirmed the heat-killed P. acnes elevated 

the transcription activity of AP-1 at certain the range of bacteria. For the 

next, we treated the sample with the inducer and found orobol decreased the 

activities of AP-1 transcription factors. In this study, orobol downregulated 

the activities of NF-κB and AP-1 which are the major target of acne 

inflammation in keratinocytes.  

In accordance with this discovery, protein kinases were examined by 

blotting and represented. Orobol decreased the protein expression and 

inhibited phosphorylation of kinases modulating innate inflammatory 

activities in keratinocytes. This attributed the transcription factors to 

decreased amounts of phosphorylated kinases. Through western blotting, 

orobol inhibited the phosphorylation of IKKs, IκBα, and MAPKs induced 

by heat-killed P. acnes.  
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Among the MAPK pathways, ERK, JNK, and p38 belongs to MAP2K 

and relatively well-established kinases system [32, 73, 74]. Orobol 

decreased all those represented kinases expressions in blotting, but JNK has 

MKK7, MKK4 for its upstream kinases and MKK4 belongs to the signaling 

pathways of both JNK and p38. In this content, not only should be examined 

MKK4 but MKK7 also are needed to be confirmed to verify specific target 

of orobol. On the contrary, p38 has its own MAP3K, MKK3/6 is not shared 

with JNK. 

In speaking briefly about MAPK, those transcription factors were 

associated with other numerous signaling pathways in keratinocytes [75]. 

Though the blotting results explained and supported the major inflammatory 

pathways, it is required that whether orobol reduced the inflammation via 

only displayed kinases and kinase profiling should be demonstrated to 

confirm. 

In acne, IL-1α stimulates cell proliferation and the amounts of Ki67 

expression is increased in vitro [54, 75]. As ELISA results represented in 

this study, the heat-killed P. acnes provoked IL-1α in HaCaT keratinocytes 

[8]. In this study, when keratinocytes were treated with human IL-1α, the 

impaired cells expressed increased Ki67 intensity compared to control group. 

On the other hand, orobol treated group represented significantly decreased 

the intensity of Ki67. Thus, it confirmed that orobol inhibits the influence of 

the heat-killed P. acnes and that of IL-1α both. Nevertheless, whether 
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enough amounts of IL-1α was released from the stimulation of P. acnes 

treatment should be concerned and needed to be measured to make more 

confirm conclusion.  

For evaluating the sebo-suppressive effect of the orobol in sebocytes, Oil 

Red O staining method was conducted. As a result, orobol treated SEB-1 

sebocytes synthesized less neutral lipids than the control group, and for the 

meticulous assessment of the sample, the quantification should be required. 

Finally, we also investigated the antibacterial effect of orobol against P. 

acnes, another current target of acne treatment. The effect was not quite 

breath-taking versus that of antibiotic as the positive control. But the results 

are worth enough to confirm the antibacterial effect of orobol and it is 

considerable results according to MIC results of other natural compounds or 

single chemical usually have compared to those of antibiotics [41].  

And like the comparison of IL-6 expression between isoflavones in 

ELISA, comparative study with orobol and other isoflavones would be 

important to assess antibiotic effects. The antibacterial function are required 

in pharmaceuticals and drugs of acne because of the increased presence of P. 

acnes in the lesions, although there are some skeptical aspects that the 

number of bacteria does not affect the symptom than other causes [67]. But 

other studies also have observed that P. acnes could influence keratinocytes 

as pathogens [9, 25] and modulate cell metabolism which is firmly 

distinguished relative with normal state.  
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In conclusion, it is expected that orobol could reduce skin inflammation 

and hyper-keratinization induced by heat-killed P. acnes. Orobol represents 

anti-inflammatory activities through mainly NF-κB and AP-1. In addition, it 

showed more effective result in reducing IL-6 in compare with salicylic acid. 

But salicylic acid also acts as exfoliant in acne skin, so there would be 

clinical studies needed whether orobol could relieve the hyper-keratinization 

of acne lesions in same dose with salicylic acid. Moreover, to examine the 

specific target of this inflammation model, the kinase assay and other 

studies are needed to proceed. Also, to determine orobol as a fully-effective 

agent in terms of the acne pathology, the further studies for sebum synthesis 

inhibition with various sample concentration and the clinical tests are 

needed.  

Throughout the whole processes, the experiments conducted with HaCaT 

keratinocytes had limitation to verify the other features related to sebum and 

bacterial growth. Because of this problem, in this paper most experiments 

were focused mainly on the inflammatory activities of cytokines, its 

downstream signal pathways and hyperproliferation of keratinocytes.  

In a dermatological area, sebaceous glands diseases have been beyond 

concern until early 20th century. And the role of the sebum in the skin also 

has only restricted to prevent dehydration of the skin surface. But with a 

distinctive character of sebocytes which originated from follicular stem cells, 

but also have the lipogenic ability, the unknown activities and influences of 
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sebocytes are newly getting attention from scientists and dermatologists. 

Furthermore, when acne breaks out, keratinocytes of epidermis and 

sebocytes of sebaceous glands in the dermis are affected together. So, to find 

and develop new materials for acne, it is important to consider the effect of 

materials for both cell lines. And to be absorbed and transferred adequately 

to the skin cells, the chemical stability and absorption rate should be 

considered and developed a suitable formulation for use.  
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Ⅶ. 국 문 초 록 

 

여드름은 10대에서 20대 초반에 가장 흔히 발생하는 만성 피부질환이다. 2016년도 

한국 건강 보험 심사평가원에서 실시한 조사에 따르면, 국내 여드름 환자 수는 지난 

2010년부터 매년 증가하는 추세에 있다고 밝혔다. 여드름은 나이, 성별, 식습관, 

생활습관 등 다양한 요소에 영향을 받아 그 증상 또한 다양하다. 여드름의 병인론은 

현재까지 크게 네 가지의 요인이 복합적으로 작용하는 것으로 알려져 있다. 각질세포의 

이상각화, 피지의 과도한 분비량, 프로피오니박테리움 아크네스 균(Propionibacterium 

acnes)의 증가, 그리고 염증 반응이 이에 해당한다. 

특히, IL-1α (Interleukin-1α) 와 IL-6 (interleukin-6) 은 여드름 병변에서 흔히 

증가되어 나타나는 염증성 사이토카인이다. 피부가 외부로부터 물리 화학적, 또는 

균이나 바이러스 성 손상 등의 자극을 받으면 이러한 사이토카인은 면역 반응을 

매개하는 초기 염증 단계의 전구체 역할을 수행한다. IL-1α은 피부 손상 시에만 

발현되고 정상 피부 조직에서는 거의 관찰되지 않는 케라틴 16 단백질의 생성을 

촉진하여 각질층의 단백질 조성을 변화시키며 이상각질화를 유도한다고 연구된 바 

있다.  

한편, 살리실산은 현재 여드름 기능성 성분으로 각질 제거, 용해 및 항염 효능이 있다. 

그러나 광과민성 피부 및 건조증상, 고유의 방어기능 약화 등의 단점이 있다. 그리고 

피지 조절과 항균 효능을 포함한 여드름 발생의 주 원인에 모두 효과를 발휘하지 

않는다는 점에서 보다 효과적인 기능성 성분의 연구가 필요하다. 다년간의 연구를 통해, 

피부 과학 영역에 있어 이소플라본 및 그 대사체의 효능이 밝혀진 바 있다. 특히 

아토피 피부염, 항노화, 피부암 등의 주제에서는 대사체를 이용하여 동일한 실험을 

수행하였을 때 기존 물질이 갖는 효능 대비 보다 우수한 효능을 나타냈다. 본 
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연구에서는 각질세포주에 유도시킨 여드름의 염증 반응 모델을 마련하여 이소플라본의 

대사체를 소재로 이의 자세한 조절 기작과 효능을 연구하였다. 

본 연구에서는 3’ 4’ 5, 7-테트라하이드록시이소플라본, 즉 제니스테인의 대사체인 

오로볼의 항염 효능을 중점으로 연구하였다. 오로볼은 HaCaT 세포주에서 열 사멸시킨 

프로피오니박테리움 아크네스 균에 의해 유도된 IL-1α과 IL-6의 발현을 감소시켰다. 

또한, 여드름 기능성 성분인 살리실산보다 유의적으로 IL-6의 발현이 감소했으며 동일 

사이토카인에 대한 mRNA 발현 수준 또한 감소하는 결과를 나타냈다.  

오로볼은 염증성 사이토카인을 조절하는 전사인자 NFKB와 AP-1의 활성을 

감소시켰으며 이와 관련한 인산화 효소인 IKKs, IκBα, 그리고 MAPKs의 인산화된 양을 

감소시켰다. 이로써 오로볼은 피부세포에서 염증반응을 수행하는 주요한 반응 기전과 

관련한 단백질의 작용을 억제하여, 열 사멸 균으로 유도된 염증성 사이토카인의 양을 

감소시켰다.  

이와 더불어, 오로볼은 IL-1α을 각질세포에 처리했을 때 Ki67의 발현을 

감소시킴으로써, 염증성 사이토카인의 생성을 저해할 뿐만 아니라 생성된 사이토카인에 

의해 촉발되는 각질세포의 이상각질화 또한 저해함을 알 수 있었다. 추가적으로, 

피지세포는 오로볼을 처리하였을 때 무처리군에 비해 피지 분비량이 감소하는 결과를 

나타냈으며 여드름 균에 대한 항균 실험을 수행한 결과 생육을 저해하는 효과가 

있었다.  

종합하면 오로볼은 여드름이 발생하는 주요 원인에 대해 모두 저해하는 결과를 

나타냈다. 따라서 오로볼은 여드름을 예방, 혹은 완화하는 소재로서의 기능성을 

갖추었다고 할 수 있다. 추가적으로, 이를 화장품 및 의약품 산업에 적용하기 위해서는 

제형 연구와 임상실험이 수행되어야 할 것이다.  
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