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Summary

Background—Psoriasis is a chronic inflammatory skin disease characterized by 

hyperproliferation and aberrant keratinocyte differentiation. We have shown that treatment of 

reconstituted human skin with delphinidin, an anthocyanidin, present in pigmented fruits and 

vegetables, increased the expression and processing of caspase-14, which is involved in 

cornification. Delphinidin also increases the expression of epidermal differentiation marker 

proteins.

Objectives—To determine whether topical application of delphinidin can modulate pathological 

markers of psoriasiform lesions in flaky skin mice and if this is associated with increased 

epidermal differentiation and a reduction in proliferation and inflammation.

Methods—Five-week-old female homozygous flaky skin mice (fsn/fsn) were treated topically 

with delphinidin (0.5 mg per cm2 and 1 mg per cm2 skin areas, respectively), five times a week, 

up to 14 weeks of age.

Results—Treatment of flaky skin mice with delphinidin resulted in a reduction in (i) 

pathological markers of psoriasiform lesions; (ii) infiltration of inflammatory cells; and (iii) 

mRNA and protein expression of inflammatory cytokines. Delphinidin treatment also increased 

the expression and processing of caspase-14, and expression of filaggrin, loricrin, keratin-1 and 

keratin-10. Furthermore, there was a decrease in the expression of markers for cell proliferation 

(proliferating cell nuclear antigen and keratin-14) and modulation of tight junction proteins 
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(occludin and claudin-1). In addition, delphinidin treatment increased the expression of activator 

protein-1 transcription factor proteins (JunB, JunD, Fra1 and Fra2).

Conclusions—Delphinidin could be a promising agent for treatment of psoriasis and other 

hyperproliferative skin disorders.

The epidermis produces a highly durable, flexible and self-repairing protective barrier 

between the internal body organs and the environment.1,2 The formation and maintenance of 

the skin barrier is regulated by cell proliferation and differentiation of epidermal 

keratinocytes.2,3 Impaired balance between keratinocyte differentiation and proliferation is 

observed in many skin disorders, such as psoriasis, atopic dermatitis and ichthyosis 

vulgaris.2,4 Psoriasis affects > 125 million people worldwide.5,6 In psoriatic lesions, the 

granular layer of the epidermis, where terminal differentiation occurs, is greatly reduced or 

even absent. In these lesions abnormal stratum corneum is formed (parakeratosis) along with 

thickening of the epidermis (acanthosis), formation of epidermal rete ridges 

(pappilomatosis), angiogenesis and increased infiltration of inflammatory cells into the 

dermis.7–9 As psoriasis is a chronic inflammatory skin disease, it is characterized by marked 

alteration in the expression and secretion of cytokines.10,11 Activator protein (AP)-1 

transcription factor proteins play an important role in keratinocyte proliferation and 

differentiation.12,13 AP-1 is also known to regulate the production of inflammatory 

cytokines and thus has an important role in psoriasis pathogenesis.14,15

As there is no cure for psoriasis, there is a need to explore natural agents that possess the 

ability to abrogate the pathogenesis of psoriasis. Thus, identifying naturally occurring anti-

inflammatory agents that possess the ability to induce terminal differentiation and inhibit 

hyperproliferation could be useful for the treatment of psoriasis. Delphinidin, an 

anthocyanidin abundantly present in pigmented fruits and vegetables, possesses both anti-

inflammatory and antiproliferative properties.16–18 Recently, we have shown that treatment 

of normal human epidermal keratinocytes and reconstituted human skin with delphinidin 

induced epidermal differentiation.18

In the present study, we determined whether topical application of delphinidin can modulate 

pathological markers of psoriasiform lesions in the flaky skin mouse model. The flaky skin 

mutant mouse (fsn/fsn) carries a spontaneous autosomal recessive mutation in Ttc7 on 

chromosome 17. Mutation of Ttc7 in mice results in skin disorders resembling human 

psoriasis.19 Skin of the flaky skin mice exhibits the characteristics of psoriasis, including 

acanthosis, hyperkeratosis, parakeratosis and a mixed inflammatory infiltrate, including 

epidermal microabscesses, angiogenesis and blood vessel dilation. Consequently, these 

cutaneous lesions are termed psoriasiform or psoriasis-like skin disease. In addition, the Ttc7 

mutation in mice results in multiorgan abnormalities characterized by an increase in 

immature B lymphocytes, pleiotropic abnormalities, anaemia, hyper-IgE, antidouble-

stranded DNA autoantibodies, psoriasis dermatitis, forestomach epithelial hyperplasia and 

peripheral lymphadenopathy. This causes a reduction in lifespan. Mutations in the human 

homologue of Ttc7, TTC7A, causes combined immunodeficiency with intestinal atresias – a 

completely different disease from psoriasis.20 Even though the immunopathogenesis is not 

identical to human psoriasis, fsn/fsn mice are considered to be a useful model for studying 
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hyperproliferative and inflammation-related skin disorders such as psoriasis.21–27 We 

observed a reduction in psoriasiform lesion pathogenesis in flaky skin mice after topical 

application of delphinidin. Delphinidin treatment also inhibited the proliferation of 

keratinocytes, induced keratinocyte differentiation and modulated the expression of tight 

junction proteins. Furthermore, delphinidin treatment inhibited proinflammatory cytokines, 

infiltration of macrophages and neutrophils, and increased the expression of AP-1 proteins 

in flaky skin mice.

Materials and methods

Materials

Delphinidin (> 99% pure) was purchased from Extrasynthese (Genay-Cedex, France).

Treatment of flaky skin mice

Flaky skin mice (CByJ.A-Ttc7fsn/J)+/+ (homozygous wild-type) and fsn/+ (heterozygous) 

were purchased from The Jackson Laboratory (Bar Harbor, ME, U.S.A.) and housed under 

pathogen-free conditions with a 12-h light/12-h dark schedule at the Animal Resource 

Facility, University of Alabama at Birmingham in accordance with the Institutional Animal 

Care and Use Committee guidelines. We bred these mice using fsn/+ × fsn/+ (heterozygous) 

breeding pairs from the Jackson Laboratory and identified fsn/fsn, fsn/+ and +/+ pups by 

genotyping with specific primers as described in Table S1 (see Supporting Information). 

Animals were fed a phytochemical-free diet (AIN-76 SEMI PD; Test Diet, Richmond, IN, 

U.S.A.) ad libitum. The animal protocol used in this study was approved by the Institutional 

Animal Care and Use Committee of the University of Alabama at Birmingham. Five-week-

old female homozygous flaky skin mice (fsn/fsn) were divided into three groups (eight mice 

in each group). Mice in groups 2 and 3 were treated topically with delphinidin 0.5 mg per 

cm2 and 1 mg per cm2 skin areas, respectively, five times a week, up to 14 weeks of age. 

Control mice in group 1 were treated with a similar volume of vehicle alone.

Preparation of skin lysates and Western blot analysis

For epidermal skin lysate preparation, epidermis from the whole skin was separated as 

described earlier.28 For Western blotting, 30–50 μg protein was resolved over 8–12% Tris–

glycine gels and transferred onto a polyvinylidene fluoride membrane as described 

previously.17

Immunohistochemistry and immunofluorescence staining

For immunostaining, 5-μm sections were subjected to antigen retrieval and were incubated 

with primary antibodies followed by incubation with secondary antibody as described 

previously.17

RNA isolation, complementary DNA synthesis and mRNA expression analysis by 
quantitative real-time polymerase chain reaction

For mRNA expression analysis, total RNA was isolated from mouse skin using Tri reagent 

(Sigma-Aldrich, St Louis, MO, U.S.A.) and the concentration was determined by ultraviolet 
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absorbance (Ultrospec™ 3100 pro; Amersham Biosciences, Biochrom Ltd, Cambridge, 

U.K.). First stand complementary DNA was transcribed from 1 μg RNA (iScript™ cDNA 

Synthesis Kit; Bio-Rad Laboratories, Hercules, CA, U.S.A.). Quantitative real-time 

polymerase chain reaction (PCR) was performed using Ssofast™ EvaGreen® Supermix 

(Bio-Rad Laboratories, Hercules, CA, U.S.A.) on a 7500 Fast Real-Time PCR System 

(Applied BioSystems, Carlsbad, CA, U.S.A.). Primer sequences are listed in Table S1 (see 

Supporting Information). The PCR was performed for 40 cycles of 3 s at 95 °C and 40 

cycles of 30 s at 60 °C, followed by a melt curve stage. Relative gene expression was 

compared using the comparative Ct (2−ΔΔCt) method. Gene expression was determined and 

normalized using a value derived from the housekeeping gene GAPDH.

Statistical analysis

Data are shown as mean ± SEM. Levels of significance of differences among the groups 

were calculated using Student’s t-test. P < 0.05 was considered to be statistically significant.

Results

Delphinidin treatment reduces psoriasiform lesions and induces caspase-14 expression 
and processing in flaky skin mice

We first determined whether topical application of delphinidin reduces psoriasiform lesions 

in flaky skin mice. As shown in Figure 1 (a), haematoxylin and eosin staining revealed the 

presence of extensive psoriasiform lesions characterized by hyperkeratosis, parakeratosis, 

acanthosis and elongated rete ridges along with infiltration of inflammatory cells in the skin 

of mice in the control group. However, topical application of delphinidin to flaky skin mice 

(0.5 mg per cm2 and 1 mg per cm2 skin area) resulted in a reduction in thickening of the 

epidermis, aberrant cornification and inhibition of the formation of epidermal rete ridges. 

Caspase-14 plays an important role in terminal differentiation and cornification.29,30 Studies 

have shown that the expression of caspase-14 is downregulated in psoriatic skin compared 

with nonlesional and normal skin.31,32 Therefore, we determined the effect of delphinidin 

treatment on the expression and processing of caspase-14 in flaky skin mice. 

Immunostaining data clearly demonstrated that the protein expression of caspase-14 was 

increased in the epidermis of flaky skin mice compared with the control group. In addition, 

delphinidin treatment increased the expression and processing of caspase-14 (Fig. 1).

Delphinidin treatment increases filaggrin and loricrin protein expression in flaky skin mice

Filaggrin, a major structural protein, synthesized as profilaggrin in the granular layer of the 

skin, is involved in the terminal differentiation and formation of the cornified envelope of 

stratum corneum.33,34 Importantly, approximately 80% of patients with psoriasis have a 

deficiency of filaggrin in their skin.35,36 Therefore, we examined the effect of delphinidin 

treatment on protein expression of filaggrin in flaky skin mice and found that filaggrin 

expression in delphinidin-treated mice was increased compared with the skin of control mice 

(Fig. 1a). Caspase-14 is involved in the cleavage of profilaggrin into filaggrin units,37,38 

and, as a consequence of enhanced expression and processing of caspase-14 in delphinidin-

treated flaky skin mice, an increase in filaggrin protein expression was also observed in the 

delphinidin-treated mice compared with mice in the control group (Fig. 1b). Loricrin, an 
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insoluble cornified precursor protein, is expressed in the granular layer and comprises 70–

80% of the total protein mass of the cornified layer.2,39 In patients with psoriasis, expression 

of loricrin in lesional and nonlesional skin is reduced when compared with normal skin.10 

Therefore, we also examined the effect of delphinidin treatment on loricrin expression in 

flaky skin mice. We found that delphinidin treatment increased the protein expression of 

loricrin compared with mice of the control group (Fig. 1). In addition, we observed that 

topical application of delphindin to wild-type mice increased the expression of 

differentiation marker proteins compared with mice not treated with delphinidin (Fig. S1; 

see Supporting Information).

Delphinidin treatment modulates expression of keratins involved in proliferation and 
differentiation in flaky skin mice

Keratins belong to a heterogeneous family of water-insoluble proteins and are the most 

abundant structural proteins found in the cytoplasm of epithelial cells.40,41 In normal 

epidermis keratin-1 and keratin-10 are synthesized at suprabasal layers, whereas keratin-5 

and keratin-14 are expressed in the proliferating basal layer of the epidermis. Owing to 

aberrant differentiation in psoriasis, expression of keratin-1 and keratin-10, which is 

involved in differentiation of epithelial cells, is downregulated. Therefore, we analysed the 

protein expression of keratin-1 and keratin-10 in delphinidin-treated flaky skin mice. 

Topical application of delphinidin restored the differentiation properties as observed by 

increased staining and enhanced protein expression of keratin-1 and keratin-10 compared 

with the control mice (Fig. 2). As psoriasis is characterized by hyperproliferation of 

keratinocytes, we investigated the effect of delphinidin treatment on keratinocyte 

proliferation in flaky skin mice. Treatment with delphinidin significantly reduced the 

expression of proliferating cell nuclear antigen in flaky skin mice compared with control 

mice (Fig. 2). In addition, psoriatic hyperproliferation of keratinocytes leads to increased 

expression of keratin-14; therefore, we analysed keratin-14 expression in flaky skin mice. 

As shown in Figure 2, protein expression of keratin-14 was significantly reduced in 

delphinidin-treated mice compared with control mice. These results suggest that delphinidin 

treatment of flaky skin mice reduced the expression of keratin-14 related to keratinocyte 

proliferation, with a concomitant increase in differentiation-related proteins keratin-1 and 

keratin-10.

Delphinidin treatment modulates the expression of the tight junction proteins occludin and 
claudin-1 in flaky skin mice

Tight junction proteins play an important role in the establishment and maintenance of 

functional biological barriers.42,43 Altered expression of the tight junction proteins occludin 

and claudin-1 has been observed in psoriasis and in many other human inflammatory 

diseases.44 Accumulating evidence suggests that downregulation of claudin-1 expression in 

psoriasis results in hyperproliferation and impaired differentiation of keratinocytes.43,45 

Therefore, we evaluated the protein expression of claudin-1 and found that delphinidin 

treatment markedly increased the protein expression of claudin-1 in flaky skin mice 

compared with control mice (Fig. 3). In addition, expression of occludin is increased in 

psoriasis and other inflammatory diseases.46,47 We found that the expression of occludin in 

Pal et al. Page 5

Br J Dermatol. Author manuscript; available in PMC 2016 February 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



the flaky skin mice treated with delphinidin was reduced compared with the control group 

(Fig. 3).

Delphinidin treatment inhibits infiltration of inflammatory cells in flaky skin mice

Psoriasis is characterized by increased dermal infiltration of inflammatory cells, neutrophils, 

macrophages, dendritic cells and natural killer cells.48,49 Moreover, infiltration of 

macrophages, especially around the epidermal–dermal junction, increases in psoriatic 

skin.48,50 Therefore, infiltration of macrophages in the flaky skin mice was examined, and 

we found that the number of infiltrating macrophages was decreased in the skin of 

delphinidin-treated mice, as shown by F4/80 staining, compared with the skin of control 

mice. In addition, delphinidin treatment also reduced Gr-1-positive infiltratory neutrophils in 

the skin (Fig. 4).

Delphinidin treatment inhibits protein and mRNA expression of inflammatory cytokines in 
flaky skin mice

Inflammatory cytokines, such as tumour necrosis factor (TNF)-α and interleukin (IL)-1β, 

produced by macrophages and neutrophils are the predominant mediators of skin 

immunopathology in psoriasis.5,10,11 TNF-α is involved in the early stages of inflammation 

and maintains the inflammatory state through secretion of other inflammatory 

cytokines.51,52 We found that delphinidin treatment significantly reduced the protein 

production and mRNA expression of TNF-α in flaky skin mice (Fig. 5). IL-1β regulates 

expression of cytokines and promotes infiltration of inflammatory cells.53,54 We determined 

the effect of delphinidin treatment on the protein and mRNA expression of IL-1β in flaky 

skin mice and found that delphinidin treatment reduced the expression of IL-1β both at the 

protein and the mRNA level (Fig. 5). A growing body of evidence points to a critical 

contribution of IL-17/IL-23 and associated cytokines in the pathogenesis of psoriasis in mice 

and humans.55,56 Therefore, the expression of IL-17/IL-23 in the skin of delphinidin-treated 

flaky skin mice was determined. As shown in Figure 6 (a), mRNA expression of IL-17 and 

IL-23 was significantly downregulated in the delphinidin-treated mice compared with 

control mice. TNF-α induces the expression of IL-6, which stimulates the proliferation of 

keratinocytes and the production of IL-8, along with other cytokines and growth factors.57,58 

We found that delphinidin treatment significantly reduced the mRNA expression of the 

cytokines IL-6 and IL-8 in flaky skin mice compared with control mice (Fig. 6a). 

Collectively, these data suggest that delphinidin treatment in flaky skin mice reduces 

infiltration of inflammatory cells and production of inflammatory mediators.

Delphinidin treatment upregulates activator protein-1 transcription factor proteins in flaky 
skin mice

Accumulating evidence has shown that AP-1 regulates the expression of caspase-14, 

loricrin, profilaggrin and cytokeratins involved in keratinocyte differentiation.12,59–62 

Studies have shown that c-Jun and Jun B, and, to a lesser extent, other members of AP-1 

(Jun D, Fra 1 and Fra 2) bind to the caspase-14 AP-1 site and play an important role in 

transcriptional control of caspase-14.62 Abrogation of JunB/AP-1 in keratinocytes triggers 

chemokine and cytokine expression, which recruits inflammatory cells to the epidermis, 

thereby contributing to psoriasis.13,14 As topical application of delphinidin significantly 
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reduced psoriasiform lesions, infiltration of inflammatory cells and production of 

inflammatory mediators, we next determined the effect of delphinidin on AP-1 transcription 

factor proteins. We found that delphinidin treatment significantly enhanced the expression 

of Jun proteins (c-Jun, JunB, JunD) and Fos proteins (Fra-1 and Fra-2) in flaky skin mice 

compared with control mice (Fig. 6b).

Discussion

Psoriasis is a common chronic skin condition characterized by epidermal hyperproliferation, 

aberrant differentiation of keratinocytes, impaired barrier function and infiltration of 

inflammatory cells into the dermis and epidermis. Despite recent advances in understanding 

of the pathogenesis and underlying mechanism(s) involved in psoriasis, current treatment 

approaches produce varying and often subtle results. Moreover, the high cost of newer 

synthetic agents makes their use unfeasible for many patients. Therefore, the quest for 

agents that have antipsoriatic activity with a low profile of adverse effects and manageable 

cost continues. In this regard, bioactive natural ingredients hold promise because of their 

low cost and minimal adverse effects.

Delphinidin is known to possess antioxidant, anti-inflammatory, antitumorigenic and 

antiangiogenic properties.16–18,63 We have recently shown that delphinidin induces 

differentiation in human epidermal keratinocytes and reconstituted human skin.18 Recently, 

Hoss et al. confirmed our findings,64 thus reinforcing the use of delphinidin for psoriasis 

therapy. In the present study, application of delphinidin to flaky skin mice abrogated the 

histological characteristics of psoriasiform lesions and greatly reduced infiltration of 

inflammatory cells such as neutrophils and macrophages (Figs 1–4). In addition, in terms of 

overall gross appearance, the flaky skin mice that received delphinidin looked healthier 

compared with nontreated flaky skin mice.

A dysregulated immune profile involving elevated myeloid lineage leucocytes appears to be 

a major factor in the immunopathogenesis of psoriasis.65 Accumulating evidence has shown 

that drugs causing a reduction in infiltration of neutrophils in flaky skin mice and patients 

with psoriasis lead to a reduction in epidermal thickness, the absence of microabscesses and 

rapid clinical improvement of psoriasis.66,67 Furthermore, inflammatory cytokines regulate 

the infiltration of neutrophils and macrophages, and induce keratinocyte proliferation.68–71 

Reduction in the production of these inflammatory cytokines was also seen in the flaky skin 

mice after delphinidin treatment (Figs 5 and 6). In summary, these hallmarks of psoriasis – 

infiltration of inflammatory cells and production of inflammatory mediators – are 

significantly reduced by delphinidin treatment.

In order to maintain the normal architecture of skin, the epidermis is continuously renewed 

through the coupled process of cell proliferation and differentiation. Studies have shown that 

caspase-14 is involved in the cleavage of profilaggrin into filaggrin, which is a major 

structural protein involved in the terminal differentiation and formation of cornified 

envelops in the stratum corneum.33,34,72 In addition, loricrin has an important role in 

epidermal skin barrier formation and is considered to be a marker of epidermal 

differentiation. In contrast to envelope proteins, keratins are differentially expressed at 
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various developmental and differentiation stages of the skin. Apart from their structural 

functions, keratin intermediate filaments are known to regulate epithelial cell proliferation, 

migration and differentiation, thus maintaining the overall structural integrity of the 

epidermis.1,2 Tight junction proteins also regulate cell proliferation and differentiation. 

Their altered expression is observed in psoriasis and other inflammatory diseases.42,43,72 We 

found that treatment with delphinidin restored markers of differentiation in flaky skin mice, 

as shown by increased expression and processing of caspase-14 and expression of filaggrin, 

loricrin, keratin-1 and keratin-10 (Figs 1 and 2). In addition, there was a decrease in the 

expression of cell proliferation markers and modulation of tight junction proteins (Figs 2 and 

3).

The AP-1 transcription factor consists of homo- or heterodimers of members of the Fos and 

Jun protein families.73 Reduced AP-1 binding activity and decreased transcription of c-Fos 

and c-Jun has been reported in psoriasis.74,75 Specifically, the expression of JunB and 

caspase-14 has been shown to be greatly reduced in psoriatic skin.13,31,32 More importantly, 

the inducible epidermis-specific deletion of JunB in combination with c-Jun in the epidermis 

of adult mice lead to development of strongly thickened epidermis with prominent rete 

ridges, thickened keratinized upper layers with parakeratosis and increased subepidermal 

vascularization. We found that delphinidin treatment increased the expression of AP-1 

proteins in flaky skin mice (Fig. 6).

Our study shows that topical application of delphinidin to flaky skin mice reduces 

pathological markers of psoriasiform lesions. It induces epidermal differentiation and 

reduces proliferation and inflammation. In addition, delphinidin treatment modulates the 

expression of tight junction proteins. Furthermore, delphinidin treatment increased the 

protein expression of JunB. These promising biological effects coupled with the relatively 

low cost and toxicity of natural agents makes delphinidin a promising agent for the 

treatment of psoriasis and other hyperproliferative skin disorders.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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What’s already known about this topic?

• Psoriasis is a chronic inflammatory skin disease characterized by increased 

epidermal hyperproliferation, aberrant keratinocyte differentiation, impaired 

barrier function and infiltration of inflammatory cells.
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What does this study add?

• Topical application of delphinidin, an anthocyanidin present in pigmented fruits 

and vegetables, reduced psoriasiform lesions that were associated with induction 

of epidermal differentiation, a reduction in keratinocyte proliferation, and 

modulation in the expression of tight junction proteins.

• • Delphinidin treatment inhibited proinflammatory cytokines, infiltration of 

inflammatory macrophages and neutrophils, and increased the expression of 

activator protein-1 proteins.

Pal et al. Page 14

Br J Dermatol. Author manuscript; available in PMC 2016 February 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Fig. 1. 
Effect of delphinidin (Del) treatment on pathological markers of psoriasiform lesions, 

caspase-14 expression and processing, and expression of filaggrin and loricrin proteins in 

flaky skin mice. (a) Haematoxylin and eosin (H&E) staining was performed on skin sections 

of flaky mice and were examined microscopically. Immunohistochemistry of caspase-14 and 

immunofluorescence staining for loricrin and filaggrin was performed on skin samples. 

Loricrin is shown in green, filaggrin in red and 4’,6-diamidino-2-phenylindole in blue. 

Representative pictures are shown. Scale bar = 20 μm. (b) Western blot analysis for protein 

expression of caspase-14, loricrin and filaggrin was performed in protein lysates. Equal 

loading of protein was confirmed by stripping the immunoblot and reprobing it for β-actin. 

The immunoblots shown here are from a representative experiment repeated three times 

with similar results.
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Fig. 2. 
Effect of delphinidin (Del) treatment on protein expression of proliferating cell nuclear 

antigen (PCNA) and keratin-1, keratin-10 and keratin-14 in flaky skin mice. (a) 

Immunohistochemistry of PCNA, keratin-1, keratin-10 and keratin-14 on skin sections of 

flaky mice was performed. Representative pictures are shown. Scale bar = 20 μm. (b) 

Western blot analysis for protein expression of PCNA, keratin-1, keratin-10 and keratin-14 

was performed in protein lysates. Equal loading of protein was confirmed by stripping the 

immunoblot and reprobing it for β-actin. The immunoblots shown here are from a 

representative experiment repeated three times with similar results.
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Fig. 3. 
Effect of delphinidin (Del) treatment on expression of occludin and claudin-1 in flaky skin 

mice. (a) Immunofluorescence staining for occludin and claudin-1 on skin sections of flaky 

mice was performed. Occludin is shown in red, claudin-1 in green and 4’,6-diamidino-2-

phenylindole in blue. Representative pictures are shown. Scale bar = 20 μm. (b) Western 

blot analysis for protein expression of occludin and claudin-1 was performed in protein 

lysates. Equal loading of protein was confirmed by stripping the immunoblot and reprobing 

it for β-actin. The immunoblots shown here are from a representative experiment repeated 

three times with similar results.
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Fig. 4. 
Effect of delphinidin (Del) treatment on infiltration of F4/80 and Gr-1 in flaky skin mice. 

Immunofluorescence staining for F4/80 and Gr-1 on skin sections of flaky mice was 

performed. Sections were incubated with primary antibody against F4/80 and Gr-1 overnight 

at 4 °C followed by incubation with specific Alexa Flour 488-labelled secondary antibodies 

for 1 h at room temperature in the dark. After washing, the sections were incubated for 10 

min in the dark with VECTASHIELD® Mounting Media (Vector Labs, Burlingame, CA, 

U.S.A.) containing 4’,6-diamidino-2-phenylindole (DAPI) and immediately analysed 

microscopically. F4/80 and Gr-1 staining is shown in green and DAPI in blue. 

Representative pictures are shown. Scale bar = 20 μm. For quantification, each colour image 

was separated into its red–green–blue channel component using ImageJ software (National 

Institutes of Health, Bethesda, MD, U.S.A.), and green channel was used to analyse mean 

fluorescent intensity. Data shown here are mean fluorescence intensity ± SEM. Significant 

differences were determined as *P < 0.05 vs. control.
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Fig. 5. 
Effect of delphinidin (Del) treatment on protein and mRNA expression of interleukin 

(IL)-1β and tumour necrosis factor (TNF)-α in flaky skin mice. (a, b) Western blot and 

immunofluorescence analyses for protein expression of IL-1β and TNF-α in the flaky mice 

skin sections treated with and without delphinidin were performed. Equal loading of protein 

was confirmed by stripping the immunoblot and reprobing it for β-actin. The immunoblots 

shown here are from a representative experiment repeated three times with similar results. 

Scale bar = 20 μm. (c) Quantitative real-time polymerase chain reaction (PCR) was 

performed using Ssofast™ EvaGreen® Supermix (Bio-Rad Laboratories, Hercules, CA, 

U.S.A.) on a 7500 Fast Real-Time PCR System (Applied BioSystems, Carlsbad, CA, 

U.S.A.). Gene expression was determined and normalized using a value derived from the 

housekeeping gene GAPDH. Data shown here are relative mRNA expression ± SEM. 

Significant differences were determined as *P < 0.05 and **P < 0.01 vs. control.
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Fig. 6. 
Effect of delphinidin (Del) treatment on mRNA expression of inflammatory cytokines and 

activator protein (AP)-1 factor proteins in flaky skin mice. (a) Quantitative real-time 

polymerase chain reaction (PCR) was performed using Ssofast™ EvaGreen® Supermix 

(Bio-Rad Laboratories, Hercules, CA, U.S.A.) on a 7500 Fast Real-Time PCR System 

(Applied BioSystems, Carlsbad, CA, U.S.A.) to determine the effect of delphinidin on 

inflammatory cytokines. Gene expression was determined and normalized using a value 

derived from the housekeeping gene GAPDH. Data shown here are relative mRNA 

expression ± SEM. Significant differences were determined as *P < 0.05 and **P < 0.01 vs. 

control. (b) Western blot analysis for JunB, JunD, Fra-1 and Fra-2 protein expression was 

performed. Equal loading of protein was confirmed by stripping the immunoblot and 

reprobing it for lamin. The immunoblots shown here are from a representative experiment 

repeated three times with similar results. IL, interleukin; TGF-β, transforming growth factor-

β.
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