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ABSTRACT 

 

Topical application of pseudo-ceramide alleviated inflammatory symptoms and 

reduced topical glucocorticoid-induced adverse effects through peroxisome 

proliferator activated receptor alpha activation 

 

Min Kyung Jeong 

 

Department of Medical Science 

The Graduate School, Yonsei University 

 

(Directed by Professor Seung Hun Lee) 
 

Peroxisome proliferator activated receptors (PPARs) are ligand-activated 

transcription factors with various biological effects. Through a lot of studies, it has 

been proved that topical PPAR activators can improve the epidermal permeability 

barrier function, as well as relieve the inflammatory responses in acute and chronic 

irritation models. Those results also suggest that topical PPAR activator application 

can be a potential therapeutic regimen for the various inflammatory skin diseases, 

including atopic dermatitis (AD). 

Pseudo-ceramides are originally developed as structural substitutes for the 

ceramides, which are the major components for the stratum corneum intercellular 

lipids, and are one of the mostly used ingredients for moisturizers. However, the 

biological activities of pseudo-ceramides have not been studied extensively. In this 

study, the biological activity of PC-9S, one the pseudo-ceramides commercially 

available, has been investigated, focusing on the anti-inflammatory and barrier 

improving effects. As a result, anti-inflammatory activity of PC-9S was observed in 

both TPA-induced acute irritation model and oxazolone-induced chronic skin 

irritation model. Improvements of skin barrier functions, evaluated by trans-

epidermal water loss (TEWL), skin hydration, and skin surface pH were also 

observed. Topical PC-9S application also resulted in increased expressions of 
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differentiation marker proteins, involucrin and loricrin, in epidermis. It was also 

observed that topical PC-9S up-regulated the expression of anti-microbial peptides 

(AMPs) in epidermis, while suppressed TLR-2 expression, in oxazolone-induced 

chronic skin irritation model. Interestingly, topical application of PC-9S with 

glucocorticoids (GCs) prevented the adverse effects of GCs and also down-

regulated the 11β-hydroxysteroid dehydrogenase type 1 (HSD11β1) expression in 

epidermis. 

 In conclusion, this study demonstrates that PC-9S, a pseudo-ceramide used for 

topical moisturizers, has anti-inflammatory activities and skin barrier function 

improving effects, and co-application with topical glucocorticoid can reduce the 

GC-induced adverse effects. These results provide further evidences for the 

currently accepted therapeutic benefits of pseudo-ceramides. 
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I. INTRODUCTION 
 

 Peroxisome proliferator activated receptors (PPARs) are ligand-activated 

transcription factors with various biological effects, including being involved in the 

lipid metabolism and glucose homeostasis
1
 and regulating the biological functions 

related to the cell fates, such as apoptosis, differentiation and proliferation.  

The first PPAR complementary DNA (cDNA) cloning was reported by Issemann 

and Green in 1990, which was isolated from a mouse liver cDNA library
2
. Currently, 

three subtypes, PPAR-α, PPAR-β/δ and PPAR-γ, are reported and they are activated 

by various endogenous fatty acid metabolites, as well as exogenous lipid 

compounds and pharmaceutical drugs. 

 Along with the various endogenous fatty acid metabolites, i.e. prostaglandins, 

leukotriens and a lot of exogenous fatty acids with diverse structures are also known 

as PPAR ligands, saturated and (poly) unsaturated fatty acids including oleic acid, 

linoleic acid and arachidonic acid, and long- and medium-chain free fatty acid such 

as eicosapentaenoic acid and docosahexenoic acid are known to PPAR-α agonists
3
. 

PPAR-β/δ is mainly activated by fatty acids and fibric acid derivatives and 15-

deoxy-prostaglandin-J2 or the synthetic thiazolidinediones (TZDs) and insulin-

sensitizing agents such as pioglitazone, rosiglitazone and troglitazone binds to 

PPAR-γ. 

PPAR-α is a component of the nuclear receptors superfamily, which includes 
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receptors for the thyroid, retinoid hormones and steroid. While PPAR-α is highly 

expressed in the liver, kidney, heart, macrophages, and endothelial cell in the 

vascular wall, PPAR-γ is known to be expressed in skeletal muscle and adipose 

tissue, as well as in the endothelial cell in the vascular wall.  

PPARs activation induced various biological consequences, mainly involved in 

intracellular lipid metabolism. Activation of PPAR-α results in an increased 

transcriptional rate of extracellular transport of lipids, including acyl-CoA oxidase 

and bi-functional enzymes
4-6

, medium chain acyl-CoA dehydrogenase
7
, acyl-CoA 

synthetase
8
, microsomal ω-oxidation1

9
, HMG-CoA (3-hydroxy-3-methyl-glutaryl-

CoA) synthase
10
. PPAR-β/δ is closely related to the proliferation and differentiation 

of adipocyte and cholesterol homeostasis. Also PPAR-γ regulates the glucose and 

lipid homeostasis, immune function, and cell growth and differentiation
11-13

. 

In skin, all PPARs subtypes have been detected in the human epidermis, 

especially in human keratinocytes and melanocytes
14
. In addition, PPAR-α express 

ion has been also reported in cultured human sebocytes, human sebaceous 

glands
15,16

 and langerhans cells
17
. 

Topical application of PPAR activators have been shown to profoundly influence 

the epidermal lipid synthesis and enhance the formation of lamellar bodies, which is 

specialized organelle for storing and delivering the lipid precursor molecules to the 

human stratum corneum, ultimately comprising the intercellular lipid structures for 

the epidermal permeability barrier function. In addition, recent studies have also 

demonstrated that topical PPAR-α, PPAR-β/δ, and/or PPAR-γ activators accelerate 

the secretion of lamellar bodies, both in the basal, undisturbed state and after barrier 

disruption. Increased synthesis of cholesterol, fatty acid, and sphingolipids in viable 

epidermis, which are the major structural components for the human stratum 

corneum intercellular lipids, are also observed after PPARs activator application
18,19

. 

Additionally, PPARs activators also increase the activity of β-glucocereborosidase, 

which is a key enzyme for the extracellular processing of glucosylceramides to 

ceramides in the stratum corneum
18
. Since the ceramides are the most crucial 
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structural constituents for the stratum corneum intercellular lipids, which controls 

the epidermal permeability barrier function. 

A lot of studies also suggest that PPARs are also involved in skin inflammation. 

Several in vitro studies showed that PPAR-α ligands treatment inhibits the 

activation of NF-κB, AP-1, and T-bet, a Th1-specific T box transcription factor 

which controls the expression of Th1 cytokines, within cells. They also decrease 

expressions of pro-inflammatory molecules including intercellular adhesion 

molecule-1 (ICAM-1) and vascular cell adhesion protein-1 (VCAM-1), as well as 

pro-inflammatory cytokines such as interleukin (IL)-1, IL-6, IL-8, IL-12 and tumor 

necrosis factor (TNF)-α
20
. In studies using irritant and allergic contact dermatitis 

model, topical treatment of PPAR-α agonist, clofibrate and WY-14,643, also 

reduced the ear swelling, the magnitude of the inflammatory infiltrate in dermis, 

and the epidermal expressions of TNF-α and IL-1
21,22

. Prevention of epidermal 

hyperplasia and normalization of epidermal barrier functions represented by 

decreased trans-epidermal water loss (TEWL) and skin surface pH of the inflamed 

skin were also reported in PPAR-α agonist treated sites
23
.  

Important roles of PPAR-α in skin inflammation are also evidenced by the knock-

out mice model. Absence of PPAR-α in skin by conditional knock-out in skin 

resulted in an exacerbated skin inflammation with increased epidermal thickness; 

increased dermal recruitment of CD41
+
 T cells, mast cells, and eosinophils; and 

increased expression of inflammatory cytokines production
24 which suggest anti-

inflammatory roles of PPAR-α in skin. 

Among the various lipid compounds, with a PPAR activation property, several 

compounds have been used for cosmetic formulations. Pseudo-ceramide, a 

structural substitute for ceramide in human stratum corneum, is also considered as 

being a PPAR activator. In this study, PPAR activating effect of pseudo-ceramide, 

PC-9S (myristoyl/palmitoyloxostearamide/arachamide MEA), are investigated. In 

addition, anti-inflammatory activity and skin barrier function improving activity of 

PC-9S are also studied using in vitro and in vivo model.  
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II. MATERIAL AND METHOD 

 

1. Cell lines and cell culture 

 

The human immotalized keratinocyte cell (HaCaT cell) was maintained in 

Dubecco’s modified Eagle medium (DMEM) containing 10% fetal bovine serum 

and appropriate antibiotics. Before treatments, starvation of HaCaT cells was 

performed with incubation with serum-free medium for 24 hours. Cells were 

maintained in humidified atmosphere of 5% CO2 at 37℃ 

 

2. Reagent 

 

Dexamethasone, RU486, 12-O-tetradecanoylphorbol-13-acetate (TPA), GW7647, 

PEA (palmitoylethanolamine) and oxazolone were purchased from Sigma Aldrich 

(Sigma Aldrich, St. Louis, MI, USA). Primary antibodies, for mouse involucrin, 

loricrin and PPAR-α were purchased from ABcam (ABcam, Cambridge, MA, USA). 

Mouse beta-defensin and CRAMP primary antibody purchased from Santa Cruz 

Biotechnology (Santa Cruz Bio-technology, Santa Cruz, CA, USA). Secondary 

antibody, IgG-HRP and IgG-FITC were purchased from Santa Cruz Biotechnology 

(Santa Cruz Bio technology, Santa Cruz, CA, USA). 

Clobetasol 17-propionate (Dermovate) and clobetasone butyrate (Eumovate) were 

purchased from GSK (Glaxosmithkline, London, England). 

PC-9S (myristoyl/palmitoyloxostearamide/arachamide MEA) was supplied by 

Neopharm (Daejon, South Korea). For in vivo studies, topical formulation with 0.6% 

and 1.2% of PC-9S were prepared, due to the low solubility of PC-9S in 

conventional topical vehicle (Table1). For in vitro studies, DMSO was used for 

preparing the stock solution. Other materials, unless noted, were of analytical grade.  
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3. Animals and experimental protocol 

 

Female hairless mice (6 to 8 weeks old) was purchased from Orient Bio (Orient 

Bio Co, Seoul, South Korea) and kept under controlled humidity (50-60%) and 

temperature (23℃ - 25℃) with a 12 hours/12 hours (light/dark) cycle. 

For chronic skin irritation models, the skin inflammation was induced by repeated 

treatment of 12-O-tetradecanoylphorbol-13-acetate (TPA) for 7 days. TPA 

(1µg/20µl acetone) was applied to the mouse ear (day 0). The tested formulations 

were then topically applied to the same site (20µl) at 1 and 9 hours after TPA 

treatment (day 1 – day 6). At day 7, tested formulations were applied at 1 hour after 

TPA treatment, and after 3 hours, skin-fold thickness was measured and skin biopsy 

was taken for further analysis.  

For sub-chronic irritation model, animals were sensitized by 2 successive day 

with 60µl 5% oxazolone in acetone. After 4 days, 60µl of 0.5% oxazolone in 

acetone was applied for 6 consecutive days. And 0.6% and 1.2% PC-9S-containing 

topical formulations were applied before and after oxzaolone treatment each for an 

hour, twice a day. To achieve oxazolone-induced atopic dermatitis animal model, on 

same concentration and quantities of oxazolone were used in chronic model. After 1 

week of 2 consecutive sensitization, 60µl of 0.5% oxazolone was topically applied 

on both flanks, once every other day for an additional 20 days (total 10
th
 challenge), 

and then vehicle and PC-9S were treated twice for four days. At the end of the 

treatment period, trans-epidermal water loss (TEWL), stratum corneum (SC) 

hydration and fold thickness were measured and skin biopsies were taken for further 

analysis. 

In previous study, topical application of PPAR-α ligand prevented glucocorticoid-

induced skin barrier abnormalities
25
. To investigate effect of glucocorticoid and PC-

9S combination, after treatment of 0.6% oxazolone for 20 days (total 10
th 

challenges), clobetasol 17-propionate and clobetasone butyrate were applied twice a 

day for 4 days (Table 2). 
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4. Immunohistochemistry 

 

  Oxazolone-induced animal model skin biopsies were taken for histological 

analysis of epidermal expressions of terminal differentiation marker proteins 

(involucrin and loricrin), PPAR-α and toll like receptor-2 (TLR-2). Paraffin 

embedded section were cut into 5-µm and deparaffinized in xylene and rehydrated 

with sequential treatment of graded ethanol solution. After blocking the non specific 

antibody binding by incubation with a serum free protein (Dako, Carpinteria, USA) 

for 15 min at room temperature, sections were incubated with primary antibodies 

(1:100 dilution) at 37℃ for 30 min, and with secondary antibodies for 30 min at 

room temperature. Sections were then drenched with a horseradish peroxidase 

(HRP)-conjugated secondary antibody for 30 min at room temperature and washed 

with tap water. Stained sections were visualized by microscopy equipped with 

digital camera. 

 

5. mRNA quantitation 

 

HaCaT cells were harvested to extract RNA using TRIzol reagent (Invitrogen Life 

Technologies, Carlsbad, CA, USA). RNA was reverse transcribed and the resulting 

cDNA was synthesized from 500ng total RNA using TaKaRa RNA PCR Kit Ver.2.1 

(TaKaRa BIO INC. Shiga, Japan). To perform real-time quantitative PCR, primers 

were designed using NCBI primer-blast and used specific sequences are described 

in table 3. The detection of amplification was performed by using a Express SYBR 

Green ER Supermix with premixed ROX (Invitrogen Life Technologies, Carlsbad, 

CA, USA) power SYBR green PCR master mix (Applied Biosystems) and an ABI 

7300 (Applied Biosystems, Foster City, CA, USA) following the manufacturer’s 

protocol. The reaction condition was set to 95°C for 10 min and then 95°C for 10 s, 

40 cycles of 60°C for 1 min. 
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6. Protein quantitation 

 

Protein expressions after reagent treatment were analyzed for the presence of 

human toll-like receptor-2 (TLR-2) by western blotting. Cells were lysised in the 

presence of inhibitor protease cocktail (Thermo Fisher Scientific Inc. Rockford, IL, 

USA) with RIPA buffer (GenDepot, Barker, TX, USA) and centrifuged at 13200 

rpm for 30 min at 4°C. Proteins were collected and then protein concentration 

analyzed with a BCA Protein Assay Regent (Thermo Fisher Scientific Inc. 

Rockford, IL, USA) and electrophoresed on 12% SDS-polyacrylamide gel. And 

protein were transferred onto nitrocellulose membrane (Invitrogen Life 

Technologies, Calsbad, CA, USA).  

After blocking with 5% skim milk, blots were incubated with primary antibody 

against TLR-2 (Santa Cruz Biotechnology, Inc., Santa Cruz, CA, USA) at 1:500 

dilution and 11β-HSD-1 (Cayman Chemical, Ann Arbor, MI, USA) at 1:1000 

dilution at 4°C overnight. After washing with 0.01% TBS-T buffer, the membrane 

was incubated at room temperature for 1 hour with horseradish peroxidase 

conjugated secondary antibody (1:3000, Santa Cruz Biotechnology, Santa Cruz, CA, 

USA) and developed using ECL plus Western Blotting Detection System (GE 

Healthcare, Amersham, UK). 

 

7. Immunofluorescence staining 

 

For staining of mouse beta-defensin-3 (mBD-3) and cathelicidin murine-related 

antimicrobial peptide (CRAMP), skin biopsies and paraffin block were prepared. 

Sections were wetted with primary antibody (1:100 dilution) at 37°C for 30 min 

and FITC conjugated secondary antibodies were incubated at room temperature for 

30 min. After 3 washes with TBS buffer, PI (1:1000 dilution) was performed at 

room temperature for 3 min. Stained sections were visualized by microscopy 

equipped with digital camera. 
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8. Mast cell counting 

 

 For mast cell staining, paraffin embedded section were cut into 5-µm and 

deparaffinized in xylene and rehydrated with sequential treatment of graded ethanol 

solution. Sections were stained with potassium permanganate solution for 2 minutes 

and rinsed with distilled water. Then, slides were incubated in potassium 

metabisulphite solution for 1 min or until sections appeared white. After washing 

with tap water for 3 min, the slides were immersed into the acidified toluidine blue 

solution for 5 min. After washing slide in tap water, slides were observed by light 

microscopy equipped with digital camera. 

 

9. Skin functional measurements 

 

In order to perform the non-invasive measurements, the animals were anesthetized 

with 4% chloral hydration solution. Skin-fold thickness was measured by digital 

caliper (Mitutoyo, Tokyo, Japan). Trans-epidermal water loss and skin surface 

capacitance, which represent the epidermal permeability barrier function and skin 

hydration, respectively, were measured with TewameterTM300 (Courage+Khazaka 

electronic GmbH, Koln, Germany) and CorneometerCM820 (Courage+Khazaka 

electronic GmbH, Koln, Germany), respectively. Skin surface pH was also measure 

using skin pHmeter (Courage+Khazaka electronic GmbH, Koln, Germany).  

 

10. Statistical analysis 

 

Otherwise noted, the results are expressed as mean+/- standard deviation (S.D.). P 

values less than 0.05 were considered as statistically significant. Either two-tailed 

Student t-test or one-way ANOVA with Dunnett’s post test were performed using 

Graph Pad In Stat version 3.00 software (Graph Pad Software, San Diego, CA, 

USA). 
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Table 1. Composition of PC-9S containing formulation for in vivo study 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Pseudo-stratum corneum lipids 

PC-9S 0.6% and 1.2% 

Stearic acid/Cholesterol 1.7% 

Oils and common base 

Cetanol/squalane 5.5% 

Fatty acid triglyceride 3.5% 

Polyols 

Glycerin 5.0% 

1,3-butylene glycol 5.0% 

Emulsiflers 

Glycerymonostearate 1.5% 

POE (15) glycerylmonostearate 3.0% 

Thickner/Carbomer 0.4% 

Water Up to 100% 
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Table 2. Combinational treatments scheme for glucocorticoid and PC-9S 

 

Experimental 
group 

Day 1 
(11

th 
Oxa) 

Day 2 
Day 4 

(12
th 

Oxa) 
Day 5 

Clobetasol 17-

propionate (CP) 
CP CP CP CP 

Clobetasol 17-

propionate (CP) 

+ PC-9S 1.2% 

CP PC-9S 1.2% PC-9S 1.2% PC-9S 1.2% 

Clobetasone 

butyrate (CB) 
CB CB CB CB 

Clobetasone 

butyrate (CB) 

+ PC-9S 1.2% 

CB PC-9S 1.2% PC-9S 1.2% PC-9S 1.2% 

 

Table 3. Primer sequences for various human genes for the real-time quantitative 

PCR 

 

Gene Sequence(5’→3’) size 

Human 

β-actin 

Forward 5’-GAT GAG ATT GGC ATG GCT TT-3’ 
100bp 

Reverse 5’-CAC CTT CAC CGT TCC AGT TT-3’ 

Human 

TLR-2 

Forward 5’-GGCCAGCAAATTACCTGTGT-3’ 
298bp 

Reverse 5’-TTCTCCACCCAGTAGGCATC-3’ 

Human 

PPAR-α 

Forward5’-CCTCAGGGTACCACTACGGAGT-3’ 
69bp 

Reverse5’- GCCGAATAGTTCGCCGAA-3’ 

Mouse 

β-defensin-3 

Forward5’- ATT TCT CCT GGT GCT GCT GT-3’ 
138bp 

Reverse 5’-GGA ACT CCA CAA CTG CCA A -3’ 

Mouse 

CRAMP 

Forward5’-GCT GAT TCT TTT GAC ATC AGC TGT A-3’, 
74bp 

Reverse 5’-GCC AGC CGG GAA ATT TTC T-3’ 
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III. RESULT 

 

1. Topical application of PC-9S decreased ear thickness of TPA-induced 

acute irritation model 

 

  To examine whether PC-9S has an anti-inflammatory activity against acute 

irritation, ear thickness in TPA induced acute irritation model was measured. 

After treatment of TPA, ear thickness was increased about 1.5-fold than acetone 

treated site. Topical treatment of 150nM of PC-9S significantly decreased ear 

thickness induced by TPA application, while similar anti-inflammatory activity 

was also observed in same concentration of GW7647 and palmitoylethanolamine 

(PEA), both are considered as being PPAR activators, treated sites (Figure 1 A).  

All the tested compounds nearly normalized the ear thickness increase, induced 

by TPA application, and there were no statistical significance between tested 

sample treated groups. 

PC-9S containing multi-lamella emulsion, both PC-9S 0.6% and 1.2% did not 

show significantly decline compared to vehicle alone treated site. 

In order to verify the dose-dependent change of anti-inflammatory for PC-9S, 

topical formulations with different concentration of PC-9S (0.6% and 1.2%, 

respectively) were prepared and tested with same animal model. Since the low 

solubility of PC-9S in acetone, topical formulations with other oil ingredient and 

emulsifying ingredients were used for preparing the samples. While TPA only 

treated site showed significant increase of ear thickness (about 2-fold), topical 

application of samples showed significant reduction of ear thickness. Interestingly, 

either 0.6% or 1.2% of PC-9S containing multi-lamellar emulsion (MLE) did not 

show significant anti-inflammatory activity, compare to vehicle treated site 

(Figure 1 B). 

Since the other lipids components of vehicles, i.e. fatty acid triglycerides and 

stearic acid also have PPAR activating property, vehicle used for the experiments 



14 

 

showed anti-inflammatory activity due to the PPAR activating effects of other 

components than PC-9S. While the reduction of ear thickness was significant in 

all the tested samples, the reduction rate was not so high, compared with acetone-

based treatment, which might due to the lower penetration of active ingredient 

than acetone vehicle. 

 

Figure 1. Change of ear thickness in TPA-induced acute irritation model.  

PC-9S, as a single compound, showed comparable anti-inflammation activity to 

the PEA and GW7647 in the same concentration (150nM) (A), However, no 

further reduction was observed in PC-9S containing topical vehicles treated site 

ear thickness (B), compared to the vehicle treated site.  

Data represents mean +/- S.D. and n was 6 for all the experiment. Statistical s 

ignificance was calculated by ANOVA with Dunnett’s post t-test (**: p< 0.01  

compared to normal site; ***: p<0.001 compared to normal site; +: p<0.05  

compared to vehicle treated site; +++: p<0.001 compared to vehicle treated site). 
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2. The number of mast cells in dermis after treatment of PC-9S in TPA-induced 

irritant model 

 

The mast cells were quantified in acidified toluidine. It has been provided that the 

mast cell distribution may be factor in the occurrence of purities in ear inflammation. 

The mast cell counts in the superficial dermis which 0.6% PC-9S and 1.2% PC-9S 

skin was significantly lower than that of the non-treated site, which confirms the 

anti-inflammatory activity of PC-9S (Figure 2).  

 

 

Figure 2. Alteration of mast cell number in TPA-induced irritation model. In PC-

9S treated site, mast cells were decreased compare to TPA- treated site. 
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3. PC-9S improved skin barrier function in sub-chronic irritation model 

 

To investigate the preventive effects of PC-9S, sub-chronic skin irritation model 

was induced by oxazolone. In terms of skin barrier function and skin inflammation, 

trans-epidermal water loss (TEWL), skin hydration and skin surface pH were 

measured with a TEWameter, corneometer and skin pH meter, respectively. When 

PC-9S containing multi-lamella emulsion was treated to sub-chronic irritant model, 

TEWL was significantly decreased by a dose-dependent manner compare to vehicle 

treated site (Figure 3 A). 

On the other hand, change of skin hydration not observed in whole concentration 

(Figure 3 B). Moreover, significant reduction of skin surface pH was observed in 

1.2% PC-9S containing vehicle treated site (Figure 3 C). These results suggest that 

PC-9S can prevent the impairment of skin barrier functions, induced by sub-chronic 

application of oxazolone. It also suggests that dose-dependent activity of PC-9S on 

epidermal permeability barrier function and skin surface pH. 
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Figure 3. Alteration of TEWL, skin hydration and skin surface pH in 

oxazolone-induced sub-chronic skin irritation model.  

  Increase of TEWL by oxazolone treatment was prevented by PC-9S containing  

multi-lamellar emulsion in a dose-dependent manner (A), while skin hydration (B)  

was not significantly changed. Change of skin surface pH showed that only 1.2%  

of PC-9S prevented the increase of skin surface pH by oxazolone treatment (C).  

Data represents mean +/- S.D. and n was 6 for all the experiment. Statistical  

significance was calculated by ANOVA with Dunnett’s post t-test (*: p< 0.05  

compared to normal site; ***: p<0.001 compared to normal site; +: p<0.05  

compared to vehicle treated site; ++: p<0.01 compared to vehicle treated site). 

. 
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4. Improvement of skin barrier functions and anti-inflammatory effects of PC-9S  

in oxazolone-induced atopic dermatitis animal model 

 

To examined whether PC-9S improve skin barrier function in oxazolone-induced  

atopic dermatitis animal model, TEWL, skin hydration and skin thickness were  

measured. All the measured parameters were significantly increased after chronic  

application of oxazolone, and spontaneously normalized after recession of oxazolone 

treatment.  

 Topical application of 10µM of WY-14,643, as a positive control, showed significant 

reduction of TEWL at 3 days after discontinuation of oxazolone treatment,  

which suggest a barrier-improving activity of PPAR activators in oxazolone model.  

Compared with the WY-14,643, all the tested concentration of PC-9S containing  

topical formulations showed comparable skin barrier-improving activity, and even the  

vehicle, which did not contain PC-9S, also showed similar effects.  

Similar to the previous experiments in TPA-induced acute skin irritation model,  

PPAR activating component, other than PC-9S, might induce the barrier improving  

effects in vehicle treated group (Figure 4 A). Additionally, increase of skin surface  

capacitance, which represents the improvement of skin hydration, was observed after  

  discontinuation of oxazolone treatment. However, there were no statistical differences  

  between acetone-treated groups and sample treated groups, which suggest that PPAR  

  activator did not significantly improved skin hydration for oxazolone-induced chronic  

  irritation model (Figure 4 B). 

 Finally, change of skin-folds thickness, as a representation of skin inflammation,  

was assessed. About 1.7-fold increase of skin-fold thickness was observed after  

repeated oxazolone treatment, and significant reduction was observed after  

discontinuation oxazolone treatment. While there was a tendency that increased  

concentration of PC-9S induced higher reduction of skin-fold thickness statistical  

significance was not observed between treated groups at the same measurement  

times (Figure 4 C).  
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Figure 4. Change of TEWL, skin hydration and skin fold thickness after 

discontinuation of oxazolone treatment in oxazolone-induced atopic dermatitis 

animal model. Chronic application of oxazolone induced significant increases of 
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TEWL and skin-fold thickness, compared to normal sites, and lowering of skin 

hydration, represented by skin surface capacitance, was also observed. Spontaneous 

improvements in TEWL (A), skin hydration and skin-fold thickness were observed 

after discontinuation of oxazolone, and further improvements were resulted from 

sample treatment for TEWL change (A) and skin-fold thickness (C). Data represents 

mean +/- S.D. and n was more than 7 for all the experiment. Statistical significance 

was calculated by two-tailed Student’s t-test, compared with normal groups with 

same measurement time (*: p< 0.05 compared to normal site; **: p< 0.01 compared 

to normal site; ***: p< 0.001 compared to normal site). 

 

To further investigate the anti-inflammatory activity of PC-9S on oxazolone-

induced atopic dermatitis animal model, skin biopsies were taken and histological 

observation was performed. In order to observe the change of gross structures 

including the epidermal thickness, skin sections were stained with hematoxylin and 

eosin. After chronic application of oxazolone significant increase of epidermal 

thickness was observed compared to the normal. Topical treatment of PPAR 

activator (WY-14,643) reduced the epidermal thickness. Similar reduction of 

epidermal thickness was observed in all of the tested samples, whose PC-9S 

concentration was 0%, 0.6% and 1.2% (Figure 5).    

Interestingly, dose-dependent reduction of epidermal thickness according to the 

PC-9S concentration was observed, while the skin-folds thickness did not show. 

Differences in dermal thickness, which was not observed in H&E staining, might 

underlie the observed discrepancy between these two measured parameters.  
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Figure 5. Light microscopic observation after H&E staining showed reduced 

epidermal thickness in WY-14,643 and PC-9S-containing sample treated  

skin (X400). 
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5. Keratinocyte terminal differentiation markers, expressions were increased in  

PC-9S treated site 

 

It is well known that skin inflammation and skin barrier impairments also results 

in an abnormal terminal differentiation of epidermal keratinocytes. Among the 

various differentiation marker proteins, filaggrin, involucrin and loricrin are 

essential proteins for the adequate morphological and functional changes of 

granulocytes into corneocytes. Abnormal differentiation of keratinocyte affects the 

skin barrier function, disturbed epidermal permeability barrier functions and skin 

hydration, as well as impaired skin’s anti-microbial barrier function. Previously, it 

was reported that PPAR-α agonists also have positive effect on the expressions of 

terminal differentiation marker proteins
26
. In order to investigate the effects of PC-

9S on the differentiation, involucrin and loricrin protein expression were observed 

in the oxazolone-induced atopic dermatitis animal model through the immuno-

histochemical staining. After repeated oxazolone treatment both involucrin and 

loricrin protein expressions were significantly down-regulated, while the reduction 

of loricrin was more evident. These results suggest that chronic oxazolone treatment 

induce not only inflammatory changes in epidermis, but abnormal differentiation of 

keratinocyte, which impaired skin barrier functions and skin moisturization. In PC-

9S treated group, both involucrin and loricrin proteins expression were significantly 

up-regulated, compare to oxazolone treated sites (Figure 6 A and B). Similar 

increase of both proteins was also observed in WY-14,643 treated site, which 

suggest that topical PPAR activator results in an increase expression of 

differentiation proteins, and ultimately, improved skin barrier functions.  
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Figure 6. Immunohistochemical staining of involucrin (A) and loricrin (B), 

proteins in epidermis, as a marker proteins for epidermal differentiation,  

showed increased expressions in PC-9S treated site (X400). 
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6. PC-9S prevented the decline of AMPs in oxazolone-induced atopic 

dermatitis animal model 

 

Important roles of anti-microbial peptides (AMPs) in skin barrier function  

have been repeatedly reported. Functional and spaciotemporal relationship  

between epidermal permeability barrier function and anti-microbial barrier  

function is considered as being mainly mediated by the skin’s major AMPs,  

including cathelicicins and defensins. Previously, it was also reported that  

repeated treatment of oxazolone induced down-regulation of epidermal  

expression of AMPs, which might be resulted from the Th2-dominant cytokine  

milieu induced by oxazolone treatment. It was also reporetd that topical  

application of PPAR activator prevented the reduction of AMPs by oxazolone  

treatment.  

To examine similar effects on epidermal AMPs expression were exerted by  

topical PC-9S treatments, expression of CRAMP (cathelicidin related murine 

AMPs) and mBD-3 (murine beta-defensin-3) was observed by 

immunohistochemical staining. As shown in Figure 7, repeated treatment of 

oxazolone induced slightly decreased expressions of both AMPs. Increased 

expression of both AMPs were observed after either WY-14,643 treatment or PC-

9S containing sample treatment, while change of mBD-3 was more evident than 

CRAMP expression changes (Figure 7 A and B). 
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Figure 7. Observation of epidermal expressions of CRAMP 

(cathelicidin related murine AMPs) (A) and mBD-3 (murine beta-defensin-3) 

(B), respectively, also showed slightly increased expressions of both AMPs in  

sample treated sites (X200). 
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7. PC-9S normalized mRNA expression of PPAR-α in oxazolone-induced 

atopic dermatitis animal model 

 

To examine whether PC-9S directly affects the expression of PPAR-α, 

 mRNA and protein expressions were observed by real-time quantitative RT- 

PCR and immunohistochemical staining. Chronic application of oxazolone 

induced decreased expression of PPAR-α mRNA and proteins, which  

suggested that either impaired skin barrier function and/or skin inflammation also  

affects the PPAR-α expression in the skin. To the contrary, in PC-9S or WY- 

14,643 treated mice, the mRNA expression of PPAR-α was significantly 

increased and dose-dependent increase of PPAR-α mRNA expression was  

observed in PC-9S-containing sample treated site (Figure 8). 

Similarly, increased expression of PPAR-α protein was observed in PC-9S  

treated site (Figure 9). These results suggest that topical PPAR activator treatment  

not only activates the already-existed PPAR-α, but stimulates the expressions of  

PPAR receptors, which might further attenuate the beneficial effects of PPAR  

activators on skin barrier function and inflammation. 

 

 

 

 

 

 

 

 

 

 

Figure 8. Change of PPAR-α mRNA expressions in epidermis after oxazolone 

treatment showed dose-dependent increase by PC-9S treatment.  
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 Figure 9. Epidermal expression of PPAR-α increased in PC-9S treated sites 

(X400). 
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8. Changes of toll-like receptor-2 (TLR-2) expressions by glucocorticoids and 

oxazolone treatment were reversed by PC-9S treatment 

 

Previously, it was reported that one of the important receptors for skin innate 

immune system, toll-like receptor (TLR)-2 expression is increased by 

glucocorticoid treatment in cultured normal human epidermal keratinocytes (NHEK) 

via glucocorticoid receptor (GR)
27
. Increased TLR-2 expressions further aggravate 

the pro-inflammatory effects of TLR activators, such as S. aureus. In order to 

examine the effects of PPAR activators on the expression of TLR-2, we have 

measured the change of TLR-2 mRNA expressions in cultured HaCaT cells after 

dexamethsone treatment, either followed by WY-14,643 or PC-9S treatment.  

Real-time quantitative RT-PCR and western blotting showed that treatment of 

dexamethasone also increased the expression of TLR-2 mRNA and protein in 

cultured HaCaT cell. Co-treatment of RU-486, GR antagonist, significantly 

inhibited the increase of TLR-2 expressions, which suggest that GR-mediated 

signaling is involved in this change. Interestingly, while co-treatment of WY-14,643 

prevented the increase of TLR-2 mRNA and protein expression induced by 

dexamethasone, PC-9S treatment further decreased TLR-2 mRNA and protein 

expression, which was even lower than the basal expression level (Figure 10 A and 

B). This result suggests that, along with the PPAR activating effects, PC-9S has 

another biological activity which might be involved in TLR-2 expression 

mechanisms.  

Immunohistostaining for the oxazolone induced chronic skin irritation model 

also showed that increased expression of TLR-2 in irritated skin. Topical application 

of PC-9S decreased TLR-2 expressions in a dose-dependent manner, which further 

confirms the preventive effects of PC-9S on the epidermal TLR-2 expression 

(Figure 10 C) 
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Figure 10. Effects of PC-9S on the mRNA and protein expression of TLR-2 in 

cultured HaCaT cells (A and B) and oxazolone-induced chronic skin irritation 

model (C).  

HaCaT cells were treated with 1µM dexamethasone dissolved in DMSO and 

further treated with either 100µΜ RU-486, PC-9S or WY-14,643. Expression of 

TLR-2 mRNA and protein were quantitated using real-time RT-PCR and western 

blotting. Increase expressions of TLR-2 mRNA were observed in dexamethasone 

treated cells and treatment of RU486 or WY-14,643 down-regulated the mRNA and 

protein expressions. PC-9S treatment decreased the expression of TLR-2 mRNA 

and protein even lower than the basal expression levels (A and B). Repeated 

treatment of oxazolone also induced the increase expression of TLR-2 proteins in 

epidermis, and PC-9S treatment down-regulated the TLR-2 expressions in a dose-

dependent manner (C).  
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9. Alteration of TEWL and barrier recovery in combined treatment of topical 

glucocorticoid and PC-9S in oxazolone-induced atopic dermatitis animal 

model 

 

In a recent study, it was reported that topical application of PPAR activator (WY-

14,643) significantly reduced the adverse effects of topical glucocorticoid (GC)
25
. It 

was also reported that physiological lipid mixtures, containing pseudo-ceramide, 

free fatty acid and cholesterol also prevents the topical steroid induced adverse 

effects, including disruption of skin barrier function and skin atrophy. Based on 

these reports, in this study, whether PC-9S can also reduce adverse effect of topical 

glucocorticoid was assessed. Either super-potent GC (clobetasol 17-prolionate: CP) 

and miner-potent GC (clobetasone butyrate: CB) was applied to the oxazolone 

treated site at 1 hour after 11
th 
oxazolone treatment (day 1). Then from day 3 to day 

5, 1.2% PC-9S containing multi-lamella emulsion was treated to same site.  

Interestingly, changes of TEWL at day 3 were different between CP treated and 

CB treated site. While CP treatment induced increase of TEWL value, which 

indicated that further aggravation of epidermal permeability barrier function, topical 

application of less-potent glucocorticoid, CB significantly reduced the TEWL 

values (Figure 11 A). Previously, it was reported that topical glucocorticoid 

treatment in chronic skin irritation model can normalize the epidermal permeability 

barrier function, mainly through its anti-inflammatory activity
28
, while in a normal 

skin, topical glucocorticoid increase the TEWL value, mainly through impairing the 

epidermal lipid synthesis and secretion of lamellar bodies
29
. Based on the current 

results, it can be explained that while the anti-inflammatory activity of topical 

glucocorticoid can alleviate the inflammation of skin, and result in an improved skin 

barrier function after 5 days, temporary aggravation of skin barrier function, as a 

adverse effects, is observed for the highest potency steroid treatment. Interestingly, 

sequential treatment of PC-9S after topical steroid treatment further decreased the 

TEWL value, compared to the steroid only treated sites. These results further 
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confirm the beneficial effects of PC-9S, as a PPAR activator, for the skin barrier 

function.  

To further examine the effects of PC-9S, as a PPAR activator, on the epidermal 

permeability barrier function, barrier recovery rate was measured after 5 days of 

topical treatment. Barrier disruption was achieved by repeated tape stripping and 

barrier recovery rate was calculated by measuring the change of TEWL as previous 

study
30
. At day 5, baseline TEWL value was measured and repeated tape stripping 

was performed on the both flanks of mouse skin. Reduction of TEWL was observed 

in all the tested samples after 48 hours, all the tested groups showed nearly normal 

TEWL values, which suggest the complete normalization of epidermal permeability 

barrier function after 7 days (2 days after 5 days of treatment). Based on the TEWL 

value changes, % recovery of TEWL was calculated. As a result, the recovery rate 

of CP combined with PC-9S treatment group showed significant higher recovery 

rate than all the other treatment groups, which also confirms the beneficial effects of 

PC-9S on the skin barrier function, combined with highest-potency topical 

glucocorticoid (Figure 11 B).  
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Figure 11. Change of TEWL and barrier recovery after topical steroid treatment in  

oxazolone-induced atopic dermatitis animal model, with and without combinational  

treatment with PC-9S.  

  Further improvements in TEWL were observed in PC-9S co-applied site,  

compared to the steoroid only treated site in day 5 (A). After 48 hours topical  

application of 12
th 
oxazolone, mice skin barrier disrupted by tape stripping. 

In addition to barrier recovery was calculated after 3 hours, 6 hours, 24 hours, 48  

hours of barrier disruption (B) (*: p< 0.05,**: p< 0.01,***: p< 0.001 compared to  

oxazolone treated site; +: p< 0.05, ++:p<0.01, +++:p<0.001 compared to clobetasol  

17-propionate treated site; #:p<0.05, ##:p<0.01, ###: p<0.001 compared to  

clobetasone butyrate treated site). 
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10. Co-treatment of PC-9S prevented the atropic changes in epidermis  

induced by GCs. 

 

Among the various adverse effects of topical glucocorticoids, atrophic change of 

skin is well known one, as well as disruption of skin barrier function. In order to 

observe the change of epidermal thickness, we have taken the skin biopsies after 5 

days of GC only or GC combined with PC-9S treatment and histological 

observation was performed. In oxazolone only treated mice skin, significant 

thickening of the epidermis was observed, compared to the normal skin. Topical 

treatment of the highest potency steroid, CP alone showed significant reduction of 

epidermis, while combination treatment of PC-9S with CP showed less thinning of 

epidermis. Interestingly, while the reduction of epidermal thickness was evident in 

mid-potency topical steroid, CB, combinational treatment of PC-9S did not affect 

the epidermal thinning by CB treatment (Figure 12).  

 

 

Figure 12. H&E staining showed topical application of super-potent GC 

(clobetasol 17-propionate) resulted in a significant epidermal thinning.  

Combination treatment of PC-9S with CP partially prevented the epidermal 

thinning in oxazolone-induced atopic dermatitis animal model. Combination 
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treatment of PC-9S with the mid-potency topical steroid (clobetasone butyrate) did 

not induced notable differences in epidermal thickness.  
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11. Topical treatment of GCs suppressed epidermal differentiation marker 

protein, involucrin but it was increased by treatment of PC-9S 

 

In previous result, it was showed that PC-9S application enhanced involucrin and 

loricrin expressions in oxazolone-induced chronic skin irritation model (Figure 5). 

Additionally, it was reported that topical application of glucocorticoid also down-

regulate the epidermal differentiation marker proteins expressions
31
. In order to 

investigate the effects of PC-9S on the topical GC induced differentiation marker 

protein down-regulation, epidermal expression of loricrin protein was observed by 

immunohistochemical staining. As shown in Figure 14, co-treatment of PC-9S with 

topical glucocorticoid also increased the expression of loricrin protein expressions 

in epidermis, further confirming the stimulating effects of PC-9S, as a PPAR 

activator, on the epidermal keratinocyte differentiation (Figure13).  

     

 

 

Figure 13. Expression of epidermal keratinocyte differentiation marker protein, 

loricrin, was stained after GC only and GC and PC-9S combination treatment. In 

combined GC, either super-potent and mid-potent, and combination treatment of 

PC-9S up-regulated loricrin expressions.  



38 

 

12. PC-9S reduced that 11β-hydroxysteroid dehydrogenase type 1 (HSD11β1)  

protein expression was increased by topical GC treatment 

  

Since the glucocorticoid is well-known inducer for the expression of 11β-

hydroxysteroid dehydrogenase type 1 (HSD11β1) in the skin. The preventive effects 

of PC-9S, as a PPAR activator, on this HSD11β1 expression, change of expressions 

of HSD11β1 after topical GC treatment was observed. Intense staining of HSD11β1 

was observed in the highest-potency (CP) treated skin, and down-regulated 

expression was observed in PC-9S treated sites.  

While CB, a mid-potency GC, also induced increased expression of HSD11β1 in 

epidermis, the extent was not so high, compared to the CP treated site. In addition, 

the effects of PC-9S on the HSD11β expression was not so evident in CB treated 

site as well (Figure 14). 

 

 

Figure 14. Change of epidermal HSD11B1 expression in topical GC treated sites. 

Topical treatment of the highest-potency topical GC (CP) induced significantly 

intense staining of HSD11β1 in the epidermis and PC-9S combination treatment 

partially prevented the increase. Topical application of mid-potency GC (CB) also 

induced increased expression of epidermal HSD11β1 expression, and preventive 
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effects of PC-9S was not so evident, compared to the CP treated sites.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



40 

 

IV. DISCUSSION 

 

Atopic dermatitis (AD), a chronic inflammatory skin disorder is characterized by 

the dry and scaly skin, inflammations, increased skin permeability, increased 

susceptibility to the allergy-causing sensitive reactions to normally innocuous 

elements and increased vulnerability to cutaneous infection
32,33

. Impairment of skin 

barrier function and abnormal immune system are generally accepted as the most 

important pathophysiologic factors for initiating and aggravating AD.  

Along with the dry skin with the increased trans-epidermal water loss (TEWL) 

and impaired protection against environmental pathogens and molecules, such as 

irritants, endotoxins, allergens, AD skin shows reduced levels of the stratum 

corneum (SC) intercellular lipids, including the ceramide
34,35

 and also decreased SC 

hydration and antimicrobial peptides (AMPs) in lesional and non-lesional sites
36,37

. 

In an immunologic view, the helper type 2 T cell (Th2 cell) predominates the skin, 

resulted in an increased expression of Th2 cytokines, such as intereukin-4 (IL-4), 

and decreased expression of Th1 cytokines, such as interferon-γ (IFN-γ). These 

immunologic imbalance triggers an enhanced production of immunoglobulin E 

(IgE)
38
 and contributes to the development of inflammatory reaction

39
. 

It is well known that the PPARs, as important components for the nuclear receptor 

superfamily in keratinocytes and other skin-residing cells, are abundantly expressed 

in the epidermis. It is also generally accepted that topical PPAR activators improves 

epidermal permeability barrier function, partially through stimulating the de novo 

synthesis of epidermal lipids, and leading to the formation and secretion of lamellar 

bodies, which that constitutes the SC intercellular lipids. All of the three PPARs 

subtypes currently reported are expressed in the human keratinocytes
40
. Interestingly, 

in chronic inflammatory skin diseases, such as AD and psoriasis, increased 

expression of the PPAR β/δ has been reported, while the expression of PPAR-α and 

PPAR-γ has been reported as being decreased 
41,42

. According to the previous studies 

suggesting the beneficial effects of PPAR-α activator on the skin barrier function, as 
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well as anti-inflammatory activity, it can be a potential therapeutic regimen to use 

topical PPAR activators for the chronic inflammatory skin diseases, including AD.  

Recently introduced cosmetic ingredient PEA is reported as having anti-

inflammatory activity, skin barrier improving activity and anti-pruritic activity. 

Moreover, PEA activates PPAR-α expression in epidermis and modulates the 

inflammation when applied topically to mouse skin
21
. With these beneficial 

therapeutic activities, practical application of PEA for the treatment of AD has been 

explored with growing interests. It was also reported that PEA treatment reduced 

TPA-induced irritant contact dermatitis and also inhibits mast cell degranulation and 

pulmonary inflammation in mice
43
. 

Similar to the PEA, PPAR-α agonist WY-14,643 has shown anti-inflammatory 

activities in TPA-induced acute skin irritation model
21

, which indicates an important 

role of PPAR-α in the skin inflammation. Other synthetic PPAR-α agonists have 

also showed significant anti-inflammatory activities, in a PPAR-α dependent way, 

on TPA-induced irritant contact dermatitis model
22
. Additionally, topical treatment 

with three different PPAR-α agonists, clofibrate, WY-14,643 and linoleic acid, 

ameliorates ear swelling in allergic contact dermatitis, which correlates with a 

reduction of the lymphocytic infiltrates and the expression of the pro-inflammatory 

cytokines TNF-α and IL-1α
22,26

. 

 In this study, it was shown the similar anti-inflammatory activity was observed 

with either PC-9S only or PC-9S containing multi-lamella emulsion, including 

reduced ear thickness in both TPA-induced acute irritation model and oxazolone-

induced atopic dermatitis animal model. Interestingly, vehicle used for the 

formulation of PC-9S also showed anti-inflammatory activities in oxazolone-induce 

atopic dermatitis animal model. Since the vehicle for this study contained several 

lipid components, which also have slight PPAR activating activity, it can be 

hypothesized that PPAR activating efficacy of other components for the vehicle can 

be an underlying reason of anti-inflammatory activity of vehicle. Recently, it was 

also reported that maintaining the skin surface pH under normal, acidic condition 
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can prevent the aggravation of AD-like symptoms in oxazolone-induced chronic 

irritation model 
44
. Since the pH of the topical formulation used for this study was 

about 5.0, which is similar to the normal pH levels of skin, maintenance of skin 

surface pH by vehicle might be a another reason for the anti-inflammatory effect.  

Along with the anti-inflammatory activity of PC-9S, it also improved the skin 

barrier functions, evaluated by trans-epidermal water loss (TEWL), skin hydration, 

and skin surface pH. Along with barrier improving effects, epidermal expressions of 

keratinocyte differentiation marker proteins, involucrin and loricrin, were also up-

regulated by PC-9S treatment. According to the classical “brick and mortar” model, 

which explains the structure of SC as a wall composed with brick (corneocytes) and 

mortar (SC intercellular lipids), both bricks and mortars are important for the skin 

barrier function. In order to the appropriate formation of brick (corneocyte) 

structure, terminal differentiation of keratinocyte is crucial process. Recent reports 

about the relationship between loss-of-function mutation of filaggrin protein-

encoding gene and severity of AD also suggest that terminal differentiation process 

is also very important for epidermal permeability barrier function
45
. It is well known 

that these proteins play important role of skin barrier formation and integrity, and 

the epidermal expressions of these proteins are increased following PPAR-α 

activator treatment
26,46

. In this study, epidermal expression of both involucrin and 

loricrin proteins were reduced in oxazolone-induced chronic skin irritation models, 

which suggests oxazolone treatment not only induce inflammatory reaction, but 

impairment epidermal differentiation processes. Similar to the previous studies 

showing that topical application of PPAR activators improved the terminal 

differentiation processes in epidermis. PC-9S treatments significantly increased the 

expressions of both involucrin and loricrin proteins, which suggests the PPAR 

activating effects of PC-9S. 

It is well known that PPAR-α expression is decreased in AD lesional skin 
23
. In an 

oxazolone-induced chronic irritation model, it was also observed that the decreased 

expression of PPAR-α in epidermis after repeated application of oxazolone. Topical 
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application of both WY-14,643 and PC-9S up-regulated PPAR-α expression in 

oxazolone model, which further suggests beneficial effects of PPAR activator on 

AD. 

 Along with the impaired epidermal permeability barrier functions, AD patients’ 

skin also shows increased susceptibility to infection by various microbes, including 

Staphylococcus aureus. With the increased frequency of bacterial colonization, AD 

skin also shows significantly higher number of skin surface bacteria. Impairment of 

permeability barrier functions, which facilitates the invasion and colonization of 

bacteria in the skin, anti-microbial defense system of the skin is also disrupted in 

AD, which is usually observed by decreased expression of AMPs in skin
47
. Th2-

dominant cytokine milieu also down-regulates the expression of AMPs expression, 

which weakens anti-microbial immunity. To observe the effects of PPAR activators 

on the epidermal AMPs expressions, AMPs expressions were analyzed in 

oxazolone-induced atopic dermatitis animal model. After repeated oxazolone 

treatment, epidermal expressions of cathelicidin-related murine anti-microbial 

peptide (CRAMP) and murine β-defensin-3 (mBD-3) were significantly lower than 

that of normal skin. And topical application of PC-9S or WY-14,643 induced 

increased expressions of both examined AMPs in epidermis. Previously, it was 

reported that CRAMP and defensins are co-located in the lamellar bodies in 

granular layer
48
 and acute disruption of epidermal barrier function by repeated tape 

stripping stimulates the synthesis and secretion of AMPs into the SC 
49
. It is also 

reported that knock-out of the AMPs expression in the skin significantly retarded 

the recovery of skin barrier functions, as well as attenuated skin inflammation
50
. 

PPAR activator, as a liposensor for the epidermal lipid synthesis, can stimulate the 

expression of AMPs and also improves the skin’s anti-microbial barrier functions, 

as well as epidermal permeability barrier function.  

Along with the AMPs and complement activation system, toll-like receptor-2 

(TLR-2) also comprises the skin’s innate immune system. It is known that AD has 

significantly greater binding affinity for S. auresus than normal skin 
51
. And S. 
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auresus are generally recognized by TLR-2 expressed in keratinocytes. Since the 

topical application of PC-9S down-regulated the expression of TLR-2 in epidermis, 

it might be also suggested that harmful effects of S. aureus can be also prevented by 

PC-9S treatment.  

Recently, several studied proved that co-treatment of PPAR-α and other substrates 

positive effects on kin barrier. Pseudo-ceramide-containing physiological lipid 

mixture reduces adverse effects of low-potency topical GC in TPA-induced skin 

edema model
52
. Also, Hatano 

25
 et al demonstrated that sequential treatment of 

glucocorticoid (GC) and PPAR activator (WY-14,643) can prevent the skin barrier 

function impairment induced by topical GC treatment. Based on these studies, it 

was examined whether PC-9S also prevents the topical GC-induced skin barrier 

impairments. Topical application of either the highest potency topical GC, 

clobetasol 17-propionate (CP) or mid-potency topical GC (CB), clobetasone 

butyrate, improves the inflammatory symptoms in oxazolone-induced chronic skin 

irritation model, impairment of epidermal permeability barrier function was 

observed in CP treated groups. While, the combination of PC-9S with either CP or 

CB resulted in an improve skin barrier function, represented by accelerated 

normalization of trans-epidermal water loss values, combination of the highest 

potency GC with PC-9S showed more profound barrier improving effects, 

compared to the mid-potency CB treated groups.  

Along with the epidermal permeability barrier function impairment, topical GC 

treatment also up-regulates the expression of epidermal 11β-hydroxysteroid 

dehydrogenase type1 (HSD11β1) expressions 
53,54

. HSD11β1 is a tissue-specific 

glucocorticoid converting enzyme which catalyzes the formation of active cortisol 

from inactive cortisone. Immunohistochemical staining showed that expression of 

HSD11β1 was increased by CP treatment, which is consistent with the previous 

reports that GC treatments can up-regulates the expression of HSD11β1
55
.  

Interestingly, topical application of PC-9S also down-regulated the HSD11β1 

expression in the epidermis, further confirms the anti-inflammatory activity of PC-
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9S. However, in mid-potency GC treated skin, increase of HSD11β1 was not 

observed, which might be due to the insufficient GC activities for HSD11β1 

expression. It suggested that PC-9S suppresses HSD11β-1 that increased expression 

by GC and it improved GCs side effects on skin barrier. 
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V. CONCLUSION 

 

 The purpose of this study is to investigate PC-9S has anti-inflammatory effects on 

TPA-induced irritant model and chronic irritant atopic dermatitis animal model.    

Also PC-9S has skin barrier improving activity anti-inflammatory effects in 

oxazolone-induced chronic model, also, it shown that PC-9S reduced topical 

treatment of glucocorticoid (GC) side effects. The summary of the results are 

described below.  

 

1. PC-9S reduced ear thickness and mast cell number in TPA-induced irritant 

models. It reveals that PC-9S has anti-inflammatory effects on TPA-induced 

irritation model.  

2. PC-9S improves skin barrier functions in oxazolone-induced sub-chronic and 

chronic model. Trans-epidermal water loss, skin hydration and skin pH was 

progressed. Additionally, ear thickness and skin fold thickness were reduced 

by PC-9S and expression of keratinocyte differentiation marker protein, 

involucrin and loricrin were elevated. 

3. PC-9S also enhanced AMPs and PPAR-α expression. On the other hands, 

TLR-2 expression was down-regulated by PC-9S treatment. 

4. PC-9S reduced harmful effects of glucocorticoid (GC). Topical combination 

treatment of PC-9S and GC improved skin barrier function and also, 

keratinocyte differentiation marker, loricrin expression was increased by PC-

9S treatment. However, PC-9S suppressed HSD11β1 increased by 

glucocorticoids. 

 

In conclusion, this study demonstrates that pseudo-ceramide, PC-9S with its  

PPAR activating activity, can improve the skin barrier functions and exert anti-

inflammatory activities. Combined treatment of topical GC with PC-9S further 

prevented the adverse effects induced by topical GC treatment. 
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ABSTRACT (IN KOREAN) 

 

유사세라마이드의 peroxisome proliferator activated receptor alpha   

활성화를 통한 염증 증상과 glucocorticoid로 유도된  

adverse effect의 개선 효과  

 

<지도교수 이승헌> 

 

연세대학교 대학원 의과학과 

 

정민경 

 

Peroxisome proliferator activated receptor는 다양한 생물학적 영향을 

가진 리간드 활성화 요소이다. 많은 연구들을 통해서 peroxisome 

proliferator activated receptor의 활성체들이 급성, 만성 자극 

동물모델에서 표피의 투과장벽 기능과 염증반응을 개선시킬 수 

있음이 증명되었다. 이러한 결과들은 또한 peroxisome proliferator 

activated receptor 활성체의 도포가 아토피 피부염을 포함한 다양한 

염증성 피부질환을 위한 치료제로 사용될 가능성이 있음을 

제안하고 있다. 유사세라마이드는 본래 각질층의 주요 성분인 

세라마이드의 구조적 대용물과 보습제의 주요 성분으로서 

발전되어 왔다. 그러나 유사세라마이드의 생물학적 활성은 아직 

연구된 바가 없다.  

본 연구에서는 유사세라마이드 중 하나인 PC-9S의 생물학적 

활성, 즉 항 염증 효과와 피부장벽 개선 효과에 집중하여 

연구하였다. 결과적으로, TPA로 유도된 급성자극모델과 

oxazolone으로 유도된 만성 자극 모델에서 PC-9S가 항 염증 활성을 
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관찰하였다. 경피수분손실도와 피부 수분 그리고 피부표면 산성도 

측정을 통하여 피부장벽 기능을 개선시킴을 확인하였다. PC-9S의 

도포는 또한 표피 분화 표지자인 involucrin과 loricrin의 발현을 

증가시켰다. 또한 PC-9S는 표피에서 항균 펩타이드를 증가시키는 

반면에 oxazolone으로 유도된 아토피 피부염 동물 모델에서 TLR-

2의 발현을 감소시켰다. 또한 PC-9S는 glucocorticoid의 adverse 

effect를 억제하였고 11β-하이드록시 스테로이드 탈수산화효소의 

발현을  감소시켰다. 

결론적으로 본 연구는 peroxisome proliferator activated receptor 

alpha의 활성체인 유사세라마이드, PC-9S가 피부장벽 기능을 

개선시키고 항 염증 활성을 나타내며 glucocorticoid로 유도된 

adverse effect를 줄일 수 있음을  증명하였다. 이러한 결과들은 

유사세라마이드의 치료적 효과를 확인할 수 있는 증거를 

제공하였다.   
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파, 염증, 유사세라마이드 


