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Abstract

Psoriasis is a chronic and persistent inflammatory skin disease seriously affecting the qual-

ity of human life. In this study, we reported an ancient formula of Chinese folk medicine, the

natural plant antimicrobial solution (PAMs) for its anti-inflammatory effects and proposed

the primary mechanisms on inhibiting the inflammatory response in TNF-α/IFN-γ-induced

HaCaT cells and imiquimod-induced psoriasis-like skin disease mouse model. Two main

functional components of hydroxysafflor Yellow A and allantoin in PAMs were quantified by

HPLC to be 94.2±2.2 and 262.9±12.5 μg/mL respectively. PAMs could significantly reduce

the gene expression and inflammatory cytokines production of Macrophage-Derived Che-

mokine (MDC), IL-8 and IL-6 in TNF-α/IFN-γ-induced HaCaT cells. PAMs also significantly

ameliorates the psoriatic-like symptoms in a mouse model with the evaluation scores for

both the single (scales, thickness, erythema) and cumulative features were in the order of

blank control < Dexamethasone < PAMs < 50% ethanol <model groups. The results were

further confirmed by hematoxylin-eosin staining, RT-qPCR and immunohistochemistry. The

down-regulated gene expression of IL-8, TNF-α, ICAM-1 and IL-23 in mouse tissues was

consistent with the results from those of the HaCaT cells. The inhibition of psoriasis-like skin

inflammation by PAMs was correlated with the inactivation of the translocation of P65 pro-

tein into cellular nucleus, indicating the inhibition of the inflammatory NF-κB signaling path-

way. Taken together, these findings suggest that PAMs may be a promising drug candidate

for the treatment of inflammatory skin disorders, such as psoriasis.

Introduction

Skin is the largest body’s organ serving as the barrier between the environment and internal

milieu, and involved in numerous biological processes, such as skin immune, pigmentary, epi-

dermal and adnexal systems [1]. Skin is also a complex networks and can regulate pro- and
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anti-inflammatory actions, and many skin diseases are related to inflammatory response [1–

3]. Among various skin problems, psoriasis is a common, relapsing and chronic skin disease

affecting approximately 1–3% of the human population [4]. It is characterized by epidermal

keratinocyte proliferation, parakeratosis and massive dermal infiltration of leukocytes [5].

Although genetic and environmental factors have important roles in the pathogenesis of psori-

asis [6], an immune-mediated inflammatory mechanism in this disorder may also be involved

in its pathogenesis by infiltration of immune cells and activation of keratinocytes [7]. Nuclear

factor-κB (NF-κB) is among the key effectors in inflammatory responses related to various

skin diseases, including psoriasis [8]. It initiates the inflammatory response by activating the

NFκB signaling pathways and subsequently producing inflammatory cytokines and chemo-

kines [9]. Furthermore, the activation of NF-κB has been illustrated in lesioned psoriatic skin

[10]. Thus, by inhibiting the NFκB signaling pathway and inflammatory reactions, psoriasis

may be efficiently alleviated or cured.

Currently, the commonly used drugs or methods for the treatment of psoriasis include reti-

noids, immunosuppressants, glucocorticosteroids, photo-therapies and bio-therapies [11]. So

far, there are no satisfactory strategies for curing the disease. Traditional Chinese Medicine

(TCM) may open a new avenue for the effective therapy of such diseases.

TCM have been used for thousands of years in China and Eastern countries, and are the

precious treasure of Eastern civilization and healthcare. Liuwei Dihuang Pill prepared from six

kinds of medical plants [12], injections extracted from Danshen (Salvia miltiorrhiza) [13] and

berberine originally obtained from Coptis chinensis Franch are well-known examples and

widely accepted TCM products. Although Western medicine practitioners often viewed them

with skepticism, Chinese herbal medicine and plant-derived extracts/monomers have shown

great potential in medical use, including the treatment for psoriasis [14,15]. Moreover, herbal

medicine is regarded as relatively safe and having lower side-effects [16,17].

The natural plant antimicrobial solution (PAMs) was a complex ethanolic extract of Chi-

nese natural and folk medicinal plants with multi-bioactive components. It is originated from

an effective formula and has been used clinically in China for hundreds of years during war

and peaceful time to prevent inflammation and to promote wound healing. It is cost-effective,

and the delivery of PAMs by fabrification for topical use is considered to be safer and more

acceptable. In 2015, PAMs was approved to be the hospital preparation by China Yunnan

Food and Drug Administration (CFDA) for prevention of wound infection and festering, cell

necrosis, dry gangrene and blood circulation obstacles. In addition, it was found in local appli-

cation that PAMs could be curative for psoriasis and skin lesions; however, the underlying

mechanism for the effects of PAMs was not clearly understood. In the present study, we quan-

tified two functional components in PAMs and showed that PAMs could inhibit the TNF-α/

IFN-γ-induced inflammatory cytokines production in HaCaT cells and ameliorate imiqui-

mod-induced psoriasis-like skin inflammation in mice by inhibiting the translocation of p65

in NF-κB signaling pathways. These findings strongly suggested that PAMs could be a power-

ful candidate drug for the treatment of inflammatory disorders such as psoriasis.

Material and methods

Preparation of PAMs

PAMs was developed by the Institute of Yunnan Folk Medicine Co., Ltd. and produced by

Yunnan Puer Danzhou Pharmaceutical Co., Ltd. (Yunnan Province, P.R. China). Briefly, dry

samples of the medicinal plants including Carthamus tinctorius, Lithospermum erythrorhizon,

Solanum indicum, and Cymbopogon distans (20.0, 30.0, 10.0 and 20.0 g, respectively) were

milled, mixed and extracted with 90% ethanol at room temperature for 720 h, then the extracts

PAMs ameliorates skin disease
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were collected and the residues were again extracted with 90% ethanol for 360 h. The total

ethanol extracts were mixed and the solution was diluted with double distilled water to 1 L

(the final ethanol content was adjusted to 50%) and stored at 4 ˚C. PAMs was an invent patent

authorized by the State Intellectual Property Office of P. R. China in 2013(No. 201110393033.3),

in addition, it was approved to be disinfectant product in 2011(China Yunnan Hygienic Disin-

fection Certificate [2011]No. 0004) and Hospital Preparation in 2015[China Yunnan FDA (No.

Z20150009)]. The raw medicinal plants were identified by Mr. Zhiwen Wu, Manager of the

Quality Control Department of the Company.

HPLC analysis of PAMs

Standard stock solutions of hydroxysafflor Yellow A (Chengdu Must Bio-Technology

CO., Ltd, Chengdu, Sichuan, China) were dissolved in 25% methanol at a concentration of

100.0 μg/mL, allantoin (Chengdu Must Bio-Technology CO.) was dissolved in 100% methanol

at a concentration of 200.0 μg/mL. All of them were stored at 4˚C. The standard working solu-

tions were prepared by serial dilution of the stock solutions with 25% methanol or 100%

methanol.

Chromatographic analysis was performed for simultaneous determination of the PAMs

ethanol extracts using an Agilent HPLC 1260 system (Agilent, Palo Alto, CA, USA). All ana-

lytes were separated on a Waters Symmetry Shield RP18 (250mm ×4.6mm, 5μm) and main-

tained at 30˚C. As shown in Table 1, the isocratic flow was used for the analysis of each

component.

Cell culture and viability assay

Human keratinocyte HaCaT cells were kindly provided by the Key Laboratory of Transplant

Engineering and Immunology, Ministry of Health; West China Hospital, Sichuan University,

China. The cells were cultured in Dulbecco’s modified Eagle’s medium (DMEM, HyClone,

Logan, UT, USA) supplemented with 10% heat-inactivated fetal bovine serum (FBS, HyClone,

Logan, UT, USA), penicillin (100.0 U/ml) and streptomycin (100.0 μg/ml) at 37˚C in a 5%

CO2 incubator. Cell viability was measured by a Cell Counting Kit-8 method (CCK-8, Key-

GEN BioTECH, Nanjing, China) according to the manufacturer’s instructions. Briefly, HaCaT

cells (5.0 ×103 cells/well) were incubated in a 96-well plate for 24 h and then treated with

increasing concentrations of PAMs (1.0, 2.0, 3.0 and 4.0%, v/v, n = 6). After incubation for

another 24 h, CCK-8 reagent was added to each well and the cells were incubated for an addi-

tional 2 h. The absorbance was measured at 450 nm by using a microplate reader Synergy H1/

H1MF (BioTek, Winooski, Vermont, USA). The percentage of viable cells was calculated by

using the following equation: cell viability (%) = (mean absorbance in test wells/mean absor-

bance in control wells) × 100.

ELISA detection of cytokines

For cellular supernatant detection, HaCaT cells (1.0 ×106 cells/well) were cultured in a 6-well

plate. After reaching the confluent state, the cells were treated with or without 3.0% (v/v)

Table 1. HPLC parameters for the determination of the two main components in PAMs.

Component Mobile phase PDA wavelengths

(nm)

Flow rate (ml/min)

Hydroxysafflor Yellow A Methanol−0.4% (v/v) phosphoric acid−acetonitrile (28:70:2) 403 1.0

Allantoin Methanol−water (40:60) 224 1.0

https://doi.org/10.1371/journal.pone.0176823.t001
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PAMs in 1.0 mL of serum-free medium alone or along with TNF-α and IFN-γ (each 10.0 ng/

mL; Peprotech, Rocky Hill, USA) for 24 h. The production of cytokines (IL-8, IL-6, IL-1β and

MDC) in the supernatant was quantified with an ELISA kit (KYM, Beijing, China).

For mouse blood samples, they were collected and subjected to centrifugation at 3000 rpm

(HERMLE, Germany) for 15 min and stored at -20˚C until use. Serum cytokine (TNF-α) levels

were measured by ELISA kit (KYM, Beijing, China).

RNA isolation and quantitative real time PCR (RT-qPCR) in HaCaT cells

Total RNA were isolated from the cell cultures using TRIzol reagent (Ambion, USA). Two

microgram of total RNA was converted to cDNA with an iScript cDNA Synthesis kit (Aidlab

Biotechnologies Co., Ltd, Beijing, China). Quantitative real-time PCR was performed using

SYBR Green Master Mix (Roche, Switzerland) according to the manufacturer’s instructions.

The sequences of the real-time PCR primers were showed in Table 2. Melting curve analysis

was used to evaluate the primer specificity of the amplification. The gene β-actin was used as

the internal control. The relative mRNA expression of IL-8, IL-6,MDC, ICAM-1were calcu-

lated by normalizing to β-actin.

Immunofluorescence staining of HaCaT cells

HaCaT cells (5.0 ×103 cells/well) were cultured in a 96-well plate. The cells were pretreated

with or without 3.0% (v/v) PAMs or 1.5% (v/v) ethanol for 6 h and incubated with TNF-α and

IFN-γ (each 10.0 ng/mL) for 30 min. After fixation, permeability, Triton X-100 treatment and

blocked with 5.0% BSA for 1 h at room temperature, the cells were incubated overnight with

the p65 antibody (dilution 1:200, AN365, Beyotime Institute of Biotechnology, Nanjing,

China) at 4˚C. The samples were washed with PBS twice and incubated with Cy3-conjugated

secondary antibody (dilution 1:1000, P0183, Beyotime Institute of Biotechnology) for 1.5 h at

37˚C. Finally, the cells were stained with 100.0 μl DAPI for 4 min, washed twice with PBS and

observed using a fluorescence microscope (Olympus, Tokyo, Japan). The translocation rate

was counted from all fields.

Mouse and ethics statement

Female BALB/c mice were purchased from Chengdu Dashuo biological Co., Ltd (Chengdu,

China). The mice were at 6–8 weeks of age between 20.0 to 22.0 g under specific pathogen-free

conditions and supplied with food and water ad libitum. The experiments were performed

according to the Animal Care and Use Committee guidelines. The protocol was approved by

Table 2. Primer design of chemokines/cytokines in HaCaT cells.

Genes Primer sequence Tm

ICAM-1 F: 5’-CACCCTAGAGCCAAGGTGAC-3’ 60˚C

R: 5’-CATTGGAGTCTGCTGGGAAT-3’

IL-6 F: 5’-AGAGTAGTGAGGAACAAGCC-3’ 60˚C

R: 5’-TACATTTGCCGAAGAGCCCT-3’

IL-8 F: 5’-AGAGTGGACCACACTGCGC-3’ 60˚C

R: 5’-GTGTTGAAGTAGATTTGCT-3’

MDC F: 5’-AGGACAGAGCATGGaTCGCCTACAGA-3’ 60˚C

R: 5’-TAATGGCAGGGAGGTAGGGCTCCTGA-3’

β-actin F: 5’-CGGGAAATCGTGCGTGAC-3’ 60˚C

R: 5’-CAGGAAGGAAGGCTGGAAG-3’

https://doi.org/10.1371/journal.pone.0176823.t002
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the Committee on the Ethics of Animal Experiments of Southwest Jiaotong University. All

mice were sacrificed by cervical dislocation and all efforts were made to minimize suffering.

Imiquimod-induced skin-inflammation and evaluation

The psoriasis-like skin inflammation mouse model was established by topical application of

62.5 mg of 5% imiquimod cream (Aldara; 3M Pharmaceuticals) to a 3.0 cm2 mouse shaved epi-

dermal area for 7 consecutive days. In this experiment, the mice were randomly assigned into

five groups, including the control group, model group, positive drug group [Dexamethasone

Acetate Cream (DXM), Hubei Ketian Pharmaceutical Co., Ltd., Tianmen, China)], PAMs

group, and 50.0% ethanol group. Each group consisted of six mice. In the control group, the

shaved skins of the mice were treated with Vaseline alone twice a day at 8: 00 am and 2:00 pm.

In the model group, the shaved skins were only treated with 5.0% imiquimod cream at 8:00

pm. In positive drug group, the shaved skins of the modeled mice were treated with approxi-

mately 20.0 mg DXM twice a day at 8:00 am and 2:00 pm and daubed with 5% imiquimod

cream at 8:00 pm. In the PAMs group, the shaved skins were treated with approximately

100.0 μL of PAMs twice a day at 8:00 am and 2:00 pm and daubed with 5.0% imiquimod

cream at 8:00 pm. In the 50.0% ethanol group, the shaved skins were treated with approxi-

mately 100 μL of 50.0% ethanol twice a day at 8:00 am and 2:00 pm and daubed with 5.0% imi-

quimod cream at 8:00 pm, 12 h after the last imiquimod treatment. Bloods and skin tissues

were collected for further study. The diagram depicting the experimental design is shown in

Fig 1.

To evaluate the severity of inflammation of the shaved back skin, the method of Psoriasis

Area and Severity Index (PASI) described by van der Fits was introduced in our study [18].

Briefly, four important parameters of skin erythema, scaling, thickness and cumulative scores

were scored. Each parameter was scored separately on a scale ranging from 0 to 4 according to

the degree of the inflammation. The cumulative scores indicate the severity of inflammation.

Histology and immunohistochemistry

The mouse shaved back skin samples were saved in 4.0% paraformaldehyde and embedded

in paraffin. For histopathological examination, the sections (4.0 μm) were stained with hema-

toxylin and eosin (H&E) and observed under a light microscope (Olympus, Tokyo, Japan).

Epidermal thickness was calculated by the average of six independent fields under the micro-

scope. For immunohistochemistry examination, anti-mouse ICAM-1 antibody (10831-1-AP,

Proteintech Group Inc, Wuhan, China) or anti-mouse Ki67 antibody (YM3064, Immunoway,

Plano, Texas, USA) were used as the primary antibody at a 1:200 dilution. The sections were

incubated with diluted biotin-conjugated goat anti-rabbit IgG at 4˚C for 50 min. Finally, they

were developed using DAB, stained with haematoxylin and fixed using neutral balata. The sec-

tions were observed under a light microscope (Olympus, Tokyo, Japan).

RNA isolation and quantitative real time PCR (RT-qPCR) in mice

Total mRNA was extracted from the back skin using TRIzol reagent after sacrificing the mice;

Two microgram of total RNA was converted to cDNA with an iScript cDNA Synthesis kit.

Quantitative real-time PCR was performed using SYBR Green Master Mix according to manu-

facturer’s instructions. The sequences of the real-time PCR primers are shown in Table 3.

Melting curve analysis was used to evaluate the primer specificity of the amplification. The

gene GAPDH was used as the internal control. The relative mRNA expression of IL-8, TNF-a,

ICAM-1, IL-23 were calculated by normalizing to GAPDH.

PAMs ameliorates skin disease
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Localization of NF-κB by immunofluorescence staining in mouse

The detection of NF-κB nuclear translocation was carried out following the instruction of the

manufacturer. Briefly, the mouse back skin samples were first saved in 4.0% paraformaldehyde

and embedded in paraffin, then 4.0 μm tissue sections were prepared, dewaxed and rehy-

drated. After fixing with 4.0% paraformaldehyde, permeabilized with 0.1% Triton X-100 for 10

min and blocked with 5% BSA for 1 h at room temperature, the sections were incubated

Fig 1. Diagram depicting the design of the imiquimod-induced skin-inflammation mouse model. BALB/c mice were divided into five groups (n = 6 per

group): (1) Control group, (2) Model group, (3) PAMs group, (4) positive drug [Dexamethasone Acetate Cream (DXM)] group, and (5) 50% ethanol group.

https://doi.org/10.1371/journal.pone.0176823.g001

Table 3. Primer sequences of mouse genes by quantitative real-time PCR.

Genes Primer sequence Tm

ICAM-1 F: 5’-AGACACAAGCAAGAAGACCACA-3’ 60˚C

R: 5’-TGACCAGTAGAGAAACCCTCG-3’

TNF-a F: 5’-GCCCACGTCGTAGCAAACCAC-3’ 60˚C

R: 5’-GCAGGGGCTCTTGACGGCAG-3’

IL-8 F: 5’-GCTGTGACCCTCTCTGTGAAG-3’ 60˚C

R: 5’-CAAACTCCATCTTGTTGTGTC-3’

IL-23 F: 5’-TCCTCCAGCCAGAGGATCACCC-3’ 60˚C

R: 5’-AGAGTTGCTGCTCCGTGGGC-3’

GAPDH F: 5’-GGGCTCTCTGCTCCTCCCTGT-3’ 60˚C

R: 5’-CGGCCAAATCCGTTCACACCG-3’

https://doi.org/10.1371/journal.pone.0176823.t003

PAMs ameliorates skin disease

PLOS ONE | https://doi.org/10.1371/journal.pone.0176823 May 2, 2017 6 / 19

https://doi.org/10.1371/journal.pone.0176823.g001
https://doi.org/10.1371/journal.pone.0176823.t003
https://doi.org/10.1371/journal.pone.0176823


overnight with anti-mouse p65 antibody (dilution 1:200, AN365, Beyotime Institute of Bio-

technology, Nanjing, China) at 4˚C. Later, they were washed twice with PBS and incubated

with FITC-labeled secondary antibody (A0562, Beyotime Institute of Biotechnology, Nanjing,

China) for 1.5 h at 37˚C. Finally, each section was stained with 100.0 μl DAPI for 4 min,

washed twice with PBS and observed under a fluorescence microscope. The translocation rate

was counted from all fields.

Statistical analysis

All experiments were performed in triplicates and were repeated at least three times. Data

were analyzed using SPSS 19.0 software (IBM SPSS, Armonk, NY, USA) and R package. All

graphical values were expressed as means ± SD. Student’s t-test was used to determine the sta-

tistical significance. A p<0.05 value was considered significant and a p<0.01 value was most

significant.

Results

Quantitative analysis of the two main functional components in PAMs

HPLC chromatograms were obtained using an isocratic flow under different conditions for

the two main active components of hydroxysafflor Yellow A and allantoin in PAMs. Their

contents were determined based on the peak areas. Using optimized chromatography condi-

tions, each component was separated within 20 min. A representative HPLC chromatogram of

PAMs is shown in Fig 2. The calibration curves of all compounds revealed good linearity with

r2<0.99 for six different concentration ranges (S1 Table). The contents of hydroxysafflor Yel-

low A and allantoin in PAMs were 94.2±2.2, 262.9±12.5 μg/mL respectively.

Effects of PAMs on TNF-α/IFN-γ-induced expression of cytokines/

chemokines in HaCaT cells

CCK-8 assay was used first to determine the effects of dose-dependence curve of PAMs on the

viability of HaCaT cells. Treatment with PAMs for 24 h at concentrations from 1.0% to 3.0%

had no significant cytotoxic effects on HaCaT cells, however, PAMs over 4.0% concentration

showed a significant cytotoxic effect on these cells (p<0.05) (see in S1 Fig). Therefore, we used

PAMs at 3% concentration in subsequent cell experiments.

Inhibition of PAMs on the inflammatory cytokine production in TNF-α and INF-γ induced

HaCaT cells was examined by both the cytokine mRNA expression in the cells and the cyto-

kine production in the supernatants. As shown in Fig 3A, we found that 3.0% PAMs inhibited

the relative mRNA expression ofMDC (0.35-fold), IL-6 (0.53-fold), IL-8 (0.79-fold) and inter-

cellular adhesion molecule-1(ICAM-1, 0.35-fold) as compared with those of TNF-α/IFN-γ
treatment by RT-qPCR. The productions of cytokines in supernatants was consistent with the

mRNA expression in cells, co-treatment of TNF-α and INF-γ significantly increased the con-

tents of inflammatory cytokines of MDC, IL-6 and IL-8 while treatment with 3% PAMs signifi-

cantly reduced their production in supernatants (Fig 3B). Although 1.5% ethanol showed a

significant effect on the mRNA expression of IL-8, the effect on IL-8 was not significant. More-

over, as shown in Fig 4, in the nucleus, the red fluorescence of p65 protein was less intensive in

TNF-α/IFN-γ-induced and PAMs-treated HaCaT cells than those of TNF-α/IFN-γ-induced

HaCaT cells, suggesting that the activation of NF-κB was inhibited. As a negative control, 1.5%

ethanol showed little effects on the inhibition of mRNA expression ofMDC, IL-6, ICAM-1,

and the activation of NF-κB.
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PAMs could ameliorate the imiquimod-induced psoriasis-like skin

inflammation in mouse

After seven days’ treatment (see in S2 Fig), it was observed that PAMs could alleviate the psori-

asis-like symptoms as compared with the control mice. Evaluation of inflammation severity

using PASI is shown in Fig 5A and 5B, we could find that mice in the control group had

smooth skin, as well as clear vessels under the back skin. In contrast, mice in the model group

showed prominent erythema or flaky erythema in the back skin, almost all shaved skins were

layered, obviously thickened and covered with apophysis. As expected, in the PAMs-treated

group, skin lesions were obviously alleviated and there were statistically significant decreases

in erythema, scaling, skin thickening as compared to those of the model group. The dexameth-

asone (DXM) group showed similar changes as compared to those of the PAMs group. How-

ever, skin lesions could not be significantly ameliorated in the 50% ethanol group.

Based on histopathological analysis (Fig 6A), the epidermal layers of the skin lesions in imi-

quimod-induced model mice were found to be thicker than those of the normal control, the

increased number of keratinocytes in basal cell layer caused acanthosis in the skin. In addition,

the horny layer and granular layer were absent in the imiquimod-induced mice, all of them

showed the same histological characteristics as psoriasis-like skin. PAMs and DXM could

Fig 2. Representative HPLC chromatogram of two main active components of PAMs. a: Standard solution (A); b: PAMs sample (B). The detection

wavelengths for hydroxysafflor Yellow A (1), and allantoin (2) in PAMs were at 403 and 224 nm respectively.

https://doi.org/10.1371/journal.pone.0176823.g002
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Fig 3. Effects of PAMs on the production of inflammatory cytokines in TNF-α and IFN-γ-induced HaCaT cells. A: Cells were treated

with 3.0% PAMs, and TNF-α and IFN-γ (each 10 ng/mL) for 24 h. RT-qPCR was performed to determine the mRNA expression levels of IL-

PAMs ameliorates skin disease
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8, IL-6, MDC and ICAM-1. Values are expressed as mean±S.D of three independent experiments. B: Production of IL-8, IL-6 and MDC

was measured in the culture supernatant of cells treated with 3.0% PAMs, and TNF-α and IFN-γ (each 10 ng/mL) for 24 h. ##p < 0.01 vs

control cells; **p<0.01 vs TNF-α /IFN-γ-treated cells.

https://doi.org/10.1371/journal.pone.0176823.g003

Fig 4. Inhibitory effects of PAMs on NF-κB activation and nuclear translocation in HaCaT cells. A: Cellular localization of p65 was analyzed by

immunofluorescence staining. HaCaT cells were pretreated with or without 3.0% (v/v) PAMs or 1.5% (v/v) ethanol for 6 h and incubated with TNF-α and IFN-

γ (each 10.0 ng/mL) for 30 min, later, the cells were incubated with anti-p65 and Cy3-conjugated secondary antibodies subsequently. Arrows indicate that

NF-κB does not translocate to the nucleus. Images are representative of three independent experiments. B: The translocation rate was counted. ##p < 0.01

vs control group; **p < 0.01 vs model group. Bar = 50μm.

https://doi.org/10.1371/journal.pone.0176823.g004
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weaken most of these changes; in contrast, 50% ethanol showed little effect on these character-

istics. The results suggested that PAMs could effectively delay the onset of imiquimod-induced

inflammation in mice and ameliorate the skin lesions of imiquimod-induced psoriasis. Further

Fig 5. Effects of PAMs on erythema, scaling and thickening in imiquimod-induced mouse skin. A: Phenotypical presentation of mouse back skin after

6 days’ treatment. B: The scores of scales, thickness, erythema and the cumulative scores are shown for each group. The data are shown as mean±S.D

(n = 6). Significant differences compared to model group: *p < 0.05.

https://doi.org/10.1371/journal.pone.0176823.g005
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studies revealed that the effect was tightly related to the reduction of Ki67-positive cells and

the expression of ICAM-1 protein was significantly inhibited in the PAMs treated group (Fig

6B). Quantitative analysis showed that imiquimod-induced epidermal thickening (94.1

±5.5μm) was most significantly inhibited by PAMs (67.6±5.5μm, p<0.01, Fig 6C). Moreover,

PAMs significantly decreased the TNF-α level to 24.88±0.96 pg/mL as compared to 32.95±1.48

pg/mL in imiquimod-induced mouse model in blood (Fig 6D). Furthermore, PAMs signifi-

cantly inhibited the gene expression of TNF-α (0.28-fold), IL-23 (0.35-fold), IL-8 (0.71-fold)

and ICAM-1 (0.72-fold) as compared with imiquimod-induced mouse model in skin lesions

by RT-qPCR (Fig 7). Finally, as shown in Fig 8, the green fluorescence of P65 was intensive in

the cell nucleus of the skin sections of model group, while the intensity was inhibited when

topical application of PAMs, suggesting that the activation of NF-κB was inhibited by PAMs.

Fig 6. PAMs ameliorates the psoriasis-like symptoms and skin inflammation in imiquimod-induced mice. A: Histopathological

investigation in each group (×100). Black arrows represent the presence of horny layer and granular layer. B: Immunohistochemistry

analysis was performed for Ki67 and ICAM-1 protein of the back skin of psoriatic mice, PAMs treatment could effectively decrease the

expression of Ki67 and ICAM-1 protein (×100). Red arrows represent the overexpression of Ki67 and ICAM-1 protein. C: Epidermal

thickness was measured. Data are the mean values ±SD (n = 5). D: PAMs treatment led to the significant decrease of TNF-α levels in

the serum of each group. #p < 0.05 vs control group; *p < 0.05 vs model group. Bar = 100 μm.

https://doi.org/10.1371/journal.pone.0176823.g006
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Discussion

It is now well accepted that herbal medicines may provide new therapeutic approaches and

play key roles in treatment of inflammatory skin diseases [19]. In this study, we report a Chi-

nese folk medicinal preparation (PAMs) on its anti-inflammatory effects both in vitro and in
vivo. As TCM, it has been shown that L.erythrorhizon and S. indicum L had strong anti-inflam-

matory activity [20,21]. There were also reports about the active components isolated from

such plants as L.erythrorhizon, C. tinctorius, having significant inhibitory effects on skin dis-

eases [21,22]. However, this is the first report of this ancient and complex folk formula show-

ing such remarkable and therapeutic effects on inflammatory psoriasis-like skin diseases. In

addition, there were successful cases of its application in the treatment of psoriasis patients.

Here, we firstly quantified the two main compounds of hydroxysafflor Yellow A and allantoin,

the active components of C. tinctorius, L. erythrorhizon respectively by HPLCPDA. The results

disclosed that the functional components of hydroxysafflor Yellow A and allantoin were

Fig 7. RT-qPCR of cytokines expression in mouse skin samples. RT-qPCR was performed to determine the mRNA expression levels of IL-8(A), TNF-α
(B), ICAM-1(C) and IL-23(D). Values are expressed as mean ± S.D of three independent experiments. #p < 0.05 vs control group; *p < 0.05 vs model group.

https://doi.org/10.1371/journal.pone.0176823.g007
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Fig 8. Effects of PAMs on NF-κB inactivation and nuclear translocation in imiquimod-induced mouse skin. A: Localization of NF-κB P65

protein was visualized in each group under a fluorescence microscope after staining with P65 antibody and FITC-labeled secondary antibody

(green), the cell nuclei were stained with DAPI (×100). Images are representative of three independent experiments. B: The translocation rate was

counted. #p < 0.05 vs control group; *p < 0.05 vs model group. Bar = 50 μm.

https://doi.org/10.1371/journal.pone.0176823.g008
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abundant in PAMs. Therefore, at least the purity and concentration of these two compounds

should serve as important indices for the quality control of PAMs.

Keratinocytes are the main epidermic cells and play a key role in immune response by

expressing Toll-like receptor (TLR) molecules [23]. There is an abundance of evidence to sug-

gest that proinflammatory cytokines (IL-6) and chemokines (IL-8, MDC) produced by kerati-

nocytes may be responsible for skin inflammatory diseases including psoriasis [7,8]. Due to

the similar characteristics to primary keratinocytes [24], HaCaT cells were often used in phar-

macological study for potential skin drug development [9]. In this work, we investigated the

effects of PAMs on TNFα/IFNγ-induced inflammation in keratinocytes, the well-known

model for the production of inflammatory cytokines and adhesion molecules in skin diseases

[25]. PAMs was found to significantly inhibit the mRNA expressions ofMDC, IL-8 and IL-6,

these results were further supported by the reduced production of them in supernatants except

for IL-8. PAMs also suppressed the expression of ICAM-1as the expression of ICAM-1was sig-

nificantly increased in HaCaT cells when stimulated with TNF-α/IFN-γ [26,27]. Moreover, we

demonstrated that PAMs could ameliorate imiquimod-induced psoriasis-like skin inflamma-

tion in the mouse model. Imiquimod, a ligand for TLR7/8, has been widely used for the topical

treatment of anal warts, condyloma acuminata, basal cell carcinoma and solar keratosis [28];

however, it can also exacerbate psoriasis in well-controlled patients [29]. Consistently, research

findings indicated that topical application of imiquimod on the mice can induce psoriasis-like

skin inflammations [30]. Therefore, this animal model can be used to analyze the pathogenesis

of psoriasis by showing similar characteristics to human psoriasis such as erythema, scaling

and hyperkeratosis in epidermis [31]. In our mouse experiment, in order to eliminate the

influence of ethanol in PAMs, 50% ethanol was also employed as a control just as was done in

previous cell experiment. As expected, 50% ethanol could not, but PAMs could significantly

decrease the skin thickness, inflammatory reactions and repair skin lesions in imiquimod-

induced mice. In addition, as we know, hyperplastic basal, suprabasal keratinocytes are the

main reasons for skin thickness, a proliferation marker of Ki67 represents an overexpression

in psoriatic skin lesions [10], Ki67 was introduced and the presence of Ki67 positive cells was

consistent with the PASI scores in all our experimental groups.

In this study, we not only detected IL-8 and ICAM-1 which we assayed in the cell analysis,

but also determined other important cytokines such as TNF-α and IL-23. ICAM-1 can be

strongly produced and plays a key role in pathogenesis of psoriasis [32]. IL-8 and TNF-α are

also involved in the course of psoriasis [33,34]; high levels of TNF-α associated with NF-κB

activation has been found in psoriatic patients [10]. IL-23, which is overproduced by keratino-

cytes and dendritic cells in psoriatic lesions [33] is closely associated with acanthosis in psoria-

sis [35]. As compared to those of the control group, the results of RT-qPCR also indicated a

significant increase in the mRNA levels of IL-8, IL-23, TNF-α and ICAM-1 in the skin lesions

of imiquimod-induced psoriasis-like mice from the model groups, however, their mRNA lev-

els are significantly decreased in the PAMs treated mice. Dexamethasone, which has been

commonly used for atopic treatment of psoriasis and dermatitis [36] and here was used as pos-

itive control, it also showed significantly lowering effects for the mRNA levels of IL-8, IL-23,

and ICAM-1, except for TNF-α. We should emphasize that although the overexpression of

TNF-αwas found only in tissue samples, its level in serum is actually lower compared to those

of model groups. As a negative control, ethanol treatment increased the expression of ICAM-1
and IL-23 as compared to those of model group. It indicates ethanol may enhance the produc-

tion of ICAM-1 and IL-23 in this negative group. Taken together, these results corroborated

well with our overall conclusions.

Finally, we studied if the inhibitory effects of PAMs on inflammation are correlated to the

inhibition of NF-κB signaling pathway in cells. NF-κB is an inducible transcription factor and
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the inactive NF-κB is mainly located in the cytoplasm. Upon stimulation, NF-κB is activated

by the translocation of p65 into the nucleus and the phosphorylation of IκB. NF-κB is thought

to play a key role in inflammatory signaling pathways by regulation of many cytokines [9,37].

In the current study, we found that it could regulate the production of TNF-α, IL-8, IL-23 and

ICAM-1 associated with psoriasis. Based on the localization of the p65 subunit, the activity of

NF-κB could be clearly detected. Here we found that PAMs treatment inhibited the NF-κB sig-

naling by significantly preventing the p65 translocation into the nucleus. The results of the

immunofluorescence staining of mouse tissues were also consistent with histological and

immunohistochemical observations on acanthosis or keratinocyte proliferation. Taking

together, we propose the possible mechanisms for the inhibition of imiquimod-induced psori-

asis-like skin disease in mice by PAMs as shown in Fig 9. PAMs blocks the activation of NF-

κB induced by inflammatory stimuli, which results in the amelioration of inflammatory skin

lesions.

Fig 9. The proposed mechanisms of the inhibition of imiquimod-induced psoriatic inflammation in mouse by

PAMs.

https://doi.org/10.1371/journal.pone.0176823.g009
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Conclusions

We reported a Chinese ancient formula and folk medicine preparation, named “natural plant

antimicrobial solution” (PAMs) on its curative effect for skin inflammatory diseases. In addi-

tion to its known effects on microbial inhibition, pain-releasing and wounds healing, here we

further qualified the products and found PAMs also had strong inhibitory effect for inflamma-

tory skin lesions. We demonstrated the anti-inflammatory functions and proposed the mecha-

nisms for the amelioration of psoriasis-like symptoms by PAMs both in TNF-α/IFN-γ-

induced HaCaT cells and imiquimod-induced psoriasis-like mouse. Further studies are in

progress to search other bioactive components which could enhance the anti-inflammatory

mechanisms of PAMs on skin inflammatory diseases including psoriasis.

Supporting information

S1 Fig. Cytotoxicity of PAMs in HaCaT cells.

(TIF)

S2 Fig. Phenotypical presentation of shaved mouse back skin from 2–7 days of treatment

in each group.

(TIF)

S1 Table. Regression equations, linearity and correlation coefficient for two compounds of

PAMs.

(DOCX)

Acknowledgments

We thank Robert Yu, Professor and Georgia Research Alliance Eminent Scholar of Augusta

University, Augusta, GA, USA and Phang C. Tai, Regents’ Professor, Georgia State Univer-

sity, Atlanta, GA 30303, USA for their comments on manuscript revision and English

corrections.

Author Contributions

Conceptualization: RKD CQM DQL.

Formal analysis: RKD ZYL XY RXB.

Investigation: RKD CQM DQL DZXF.

Methodology: RKD CQM ZFB PY YLY.

Project administration: CQM DQL.

Resources: DZXF.

Supervision: YSD WS.

Validation: CQM DQL.

Visualization: RKD ZYL.

Writing – original draft: RKD.

Writing – review & editing: RKD CQM DQL.

PAMs ameliorates skin disease

PLOS ONE | https://doi.org/10.1371/journal.pone.0176823 May 2, 2017 17 / 19

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0176823.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0176823.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0176823.s003
https://doi.org/10.1371/journal.pone.0176823


References
1. Slominski AT, Zmijewski MA, Skobowiat C, Zbytek B, Slominski RM, Steketee JD. Sensing the environ-

ment: regulation of local and global homeostasis by the skin’s neuroendocrine system. Adv Anat

Embryol Cell Biol. 2012; 212: 1–115.

2. Slominski AT, Zmijewski MA, Zbytek B, Tobin DJ, Theoharides TC, Rivier J. Key role of CRF in the skin

stress response system. Endocr Rev. 2013; 34(6): 827–884. https://doi.org/10.1210/er.2012-1092

PMID: 23939821

3. Slominski AT, Manna PR, Tuckey RC. On the role of skin in the regulation of local and systemic ste-

roidogenic activities. Steroids. 2015; 103: 72–88. https://doi.org/10.1016/j.steroids.2015.04.006 PMID:

25988614

4. Nestle FO, Kaplan DH, Barker J. Psoriasis. N Engl J Med. 2009; 361(5): 496–509. https://doi.org/10.

1056/NEJMra0804595 PMID: 19641206

5. Lowes MA, Bowcock AM, Krueger JG. Pathogenesis and therapy of psoriasis. Nature. 2007; 445

(7130): 866–873. https://doi.org/10.1038/nature05663 PMID: 17314973

6. Hwang ST, Nijsten T, Elder JT. Recent Highlights in Psoriasis Research. J Invest Dermatol. 2017; 137

(3): 550–556. https://doi.org/10.1016/j.jid.2016.11.007 PMID: 28063651

7. Schon MP, Boehncke WH. Psoriasis. N Engl J Med. 2005; 352(18): 1899–1912. https://doi.org/10.

1056/NEJMra041320 PMID: 15872205

8. Quivy V, Van Lint C. Regulation at multiple levels of NF-kappaB-mediated transactivation by protein

acetylation. Biochem Pharmacol. 2004; 68(6): 1221–1229. https://doi.org/10.1016/j.bcp.2004.05.039

PMID: 15313420

9. Perera GK, Di Meglio P, Nestle FO. Psoriasis. Annu Rev Pathol. 2012; 7: 385–422. https://doi.org/10.

1146/annurev-pathol-011811-132448 PMID: 22054142

10. Lizzul PF, Aphale A, Malaviya R, Sun Y, Masud S, Dombrovskiy V, et al. Differential expression of phos-

phorylated NF-kappaB/RelA in normal and psoriatic epidermis and downregulation of NF-kappaB in

response to treatment with etanercept. J Invest Dermatol. 2005; 124(6): 1275–1283. https://doi.org/10.

1111/j.0022-202X.2005.23735.x PMID: 15955104

11. Rahman M, Alam K, Ahmad MZ, Gupta G, Afzal M, Akhter S, et al. Classical to current approach for

treatment of psoriasis: a review. Endocr Metab Immune Disord Drug Targets. 2012; 12(3): 287–302.

PMID: 22463723

12. Ye J, Zhang X, Dai W, Yan S, Huang H, Liang X, et al. Chemical fingerprinting of Liuwei Dihuang Pill

and simultaneous determination of its major bioactive constituents by HPLC coupled with multiple

detections of DAD, ELSD and ESI-MS. J Pharm Biomed Anal. 2009; 49(3): 638–645. https://doi.org/

10.1016/j.jpba.2008.12.009 PMID: 19185441

13. Peng WB, Zeng QH, Li DP, Ding TM, Tan JL, Ding XP. Multiple on-line HPLC coupled with biochemical

detection methods to evaluate bioactive compounds in Danshen injection. Biomed Chromatogr. 2016;

30(11): 1854–1860. https://doi.org/10.1002/bmc.3772 PMID: 27229445

14. Corson TW, Crews CM. Molecular understanding and modern application of traditional medicines: tri-

umphs and trials. Cell. 2007; 130(5): 769–774. https://doi.org/10.1016/j.cell.2007.08.021 PMID:

17803898

15. Deng S, May BH, Zhang AL, Lu C, Xue CC. Topical herbal medicine combined with pharmacotherapy

for psoriasis: a systematic review and meta-analysis. Arch Dermatol Res. 2013; 305(3): 179–189.

https://doi.org/10.1007/s00403-013-1316-y PMID: 23354931

16. Williamson EM, Lorenc A, Booker A, Robinson N. The rise of traditional Chinese medicine and its mate-

ria medica: a comparison of the frequency and safety of materials and species used in Europe and

China. J Ethnopharmacol. 2013; 149(2): 453–462. https://doi.org/10.1016/j.jep.2013.06.050 PMID:

23832055

17. Farzaneh V, Carvalho IS. A review of the health benefit potentials of herbal plant infusions and their

mechanism of actions. Industrial Crops And Products. 2015; 65(247–258.

18. van der Fits L, Mourits S, Voerman JS, Kant M, Boon L, Laman JD, et al. Imiquimod-induced psoriasis-

like skin inflammation in mice is mediated via the IL-23/IL-17 axis. J Immunol. 2009; 182(9): 5836–

5845. https://doi.org/10.4049/jimmunol.0802999 PMID: 19380832

19. Ko J, Lee JI, Munoz-Furlong A, Li XM, Sicherer SH. Use of complementary and alternative medicine by

food-allergic patients. Ann Allergy Asthma Immunol. 2006; 97(3): 365–369. https://doi.org/10.1016/

S1081-1206(10)60802-2 PMID: 17042143

20. Kim HN, Kim MY, Choi CH, Kim BJ, Kim KY, Kim GY, et al. Effect of lithospermi radix on contact derma-

titis induced by dinitrofluorobenzene in mice. J Pharmacopuncture. 2012; 15(2): 7–10. https://doi.org/

10.3831/KPI.2012.15.2.007 PMID: 25780635

PAMs ameliorates skin disease

PLOS ONE | https://doi.org/10.1371/journal.pone.0176823 May 2, 2017 18 / 19

https://doi.org/10.1210/er.2012-1092
http://www.ncbi.nlm.nih.gov/pubmed/23939821
https://doi.org/10.1016/j.steroids.2015.04.006
http://www.ncbi.nlm.nih.gov/pubmed/25988614
https://doi.org/10.1056/NEJMra0804595
https://doi.org/10.1056/NEJMra0804595
http://www.ncbi.nlm.nih.gov/pubmed/19641206
https://doi.org/10.1038/nature05663
http://www.ncbi.nlm.nih.gov/pubmed/17314973
https://doi.org/10.1016/j.jid.2016.11.007
http://www.ncbi.nlm.nih.gov/pubmed/28063651
https://doi.org/10.1056/NEJMra041320
https://doi.org/10.1056/NEJMra041320
http://www.ncbi.nlm.nih.gov/pubmed/15872205
https://doi.org/10.1016/j.bcp.2004.05.039
http://www.ncbi.nlm.nih.gov/pubmed/15313420
https://doi.org/10.1146/annurev-pathol-011811-132448
https://doi.org/10.1146/annurev-pathol-011811-132448
http://www.ncbi.nlm.nih.gov/pubmed/22054142
https://doi.org/10.1111/j.0022-202X.2005.23735.x
https://doi.org/10.1111/j.0022-202X.2005.23735.x
http://www.ncbi.nlm.nih.gov/pubmed/15955104
http://www.ncbi.nlm.nih.gov/pubmed/22463723
https://doi.org/10.1016/j.jpba.2008.12.009
https://doi.org/10.1016/j.jpba.2008.12.009
http://www.ncbi.nlm.nih.gov/pubmed/19185441
https://doi.org/10.1002/bmc.3772
http://www.ncbi.nlm.nih.gov/pubmed/27229445
https://doi.org/10.1016/j.cell.2007.08.021
http://www.ncbi.nlm.nih.gov/pubmed/17803898
https://doi.org/10.1007/s00403-013-1316-y
http://www.ncbi.nlm.nih.gov/pubmed/23354931
https://doi.org/10.1016/j.jep.2013.06.050
http://www.ncbi.nlm.nih.gov/pubmed/23832055
https://doi.org/10.4049/jimmunol.0802999
http://www.ncbi.nlm.nih.gov/pubmed/19380832
https://doi.org/10.1016/S1081-1206(10)60802-2
https://doi.org/10.1016/S1081-1206(10)60802-2
http://www.ncbi.nlm.nih.gov/pubmed/17042143
https://doi.org/10.3831/KPI.2012.15.2.007
https://doi.org/10.3831/KPI.2012.15.2.007
http://www.ncbi.nlm.nih.gov/pubmed/25780635
https://doi.org/10.1371/journal.pone.0176823


21. Jin M, Sun CY, Zang BX. Hydroxysafflor yellow A attenuate lipopolysaccharide-induced endothelium

inflammatory injury. Chin J Integr Med. 2016; 22(1): 36–41. https://doi.org/10.1007/s11655-015-1976-x

PMID: 26015073

22. Lee JH, Jung KM, Bae IH, Cho S, Seo DB, Lee SJ, et al. Anti-inflammatory and barrier protecting effect

of Lithospermum erythrorhizon extracts in chronic oxazolone-induced murine atopic dermatitis. J Der-

matol Sci. 2009; 56(1): 64–66. https://doi.org/10.1016/j.jdermsci.2009.07.001 PMID: 19651492

23. McInturff JE, Modlin RL, Kim J. The role of toll-like receptors in the pathogenesis and treatment of der-

matological disease. J Invest Dermatol. 2005; 125(1): 1–8. https://doi.org/10.1111/j.0022-202X.2004.

23459.x PMID: 15982296

24. Boukamp P, Petrussevska RT, Breitkreutz D, Hornung J, Markham A, Fusenig NE. Normal keratiniza-

tion in a spontaneously immortalized aneuploid human keratinocyte cell line. J Cell Biol. 1988; 106(3):

761–771. PMID: 2450098

25. Saeki H, Tamaki K. Thymus and activation regulated chemokine (TARC)/CCL17 and skin diseases. J

Dermatol Sci. 2006; 43(2): 75–84. https://doi.org/10.1016/j.jdermsci.2006.06.002 PMID: 16859899

26. Dustin ML, Singer KH, Tuck DT, Springer TA. Adhesion of T lymphoblasts to epidermal keratinocytes is

regulated by interferon gamma and is mediated by intercellular adhesion molecule 1 (ICAM-1). J Exp

Med. 1988; 167(4): 1323–1340. PMID: 3128630

27. Bito T, Roy S, Sen CK, Packer L. Pine bark extract pycnogenol downregulates IFN-gamma-induced

adhesion of T cells to human keratinocytes by inhibiting inducible ICAM-1 expression. Free Radic Biol

Med. 2000; 28(2): 219–227. PMID: 11281289

28. Novak N, Yu CF, Bieber T, Allam JP. Toll-like receptor 7 agonists and skin. Drug News Perspect. 2008;

21(3): 158–165. PMID: 18560614

29. Szeimies RM, Gerritsen MJ, Gupta G, Ortonne JP, Serresi S, Bichel J, et al. Imiquimod 5% cream for

the treatment of actinic keratosis: results from a phase III, randomized, double-blind, vehicle-controlled,

clinical trial with histology. J Am Acad Dermatol. 2004; 51(4): 547–555. https://doi.org/10.1016/j.jaad.

2004.02.022 PMID: 15389189

30. Schon MP, Schon M, Klotz KN. The small antitumoral immune response modifier imiquimod interacts

with adenosine receptor signaling in a TLR7- and TLR8-independent fashion. J Invest Dermatol. 2006;

126(6): 1338–1347. https://doi.org/10.1038/sj.jid.5700286 PMID: 16575388

31. van der Fits L, Mourits S, Voerman JS, Kant M, Boon L, Laman JD, et al. Imiquimod-induced psoriasis-

like skin inflammation in mice is mediated via the IL-23/IL-17 axis. J Immunol. 2009; 182(9): 5836–

5845. https://doi.org/10.4049/jimmunol.0802999 PMID: 19380832

32. Xiong H, Xu Y, Tan G, Han Y, Tang Z, Xu W, et al. Glycyrrhizin ameliorates imiquimod-induced psoria-

sis-like skin lesions in BALB/c mice and inhibits TNF-alpha-induced ICAM-1 expression via NF-kappaB/

MAPK in HaCaT cells. Cell Physiol Biochem. 2015; 35(4): 1335–1346. https://doi.org/10.1159/

000373955 PMID: 25720416

33. Di Cesare A, Di Meglio P, Nestle FO. The IL-23/Th17 axis in the immunopathogenesis of psoriasis. J

Invest Dermatol. 2009; 129(6): 1339–1350. https://doi.org/10.1038/jid.2009.59 PMID: 19322214

34. Gottlieb AB, Chamian F, Masud S, Cardinale I, Abello MV, Lowes MA, et al. TNF inhibition rapidly

down-regulates multiple proinflammatory pathways in psoriasis plaques. J Immunol. 2005; 175(4):

2721–2729. PMID: 16081850

35. Zheng Y, Danilenko DM, Valdez P, Kasman I, Eastham-Anderson J, Wu J, et al. Interleukin-22, a T(H)

17 cytokine, mediates IL-23-induced dermal inflammation and acanthosis. Nature. 2007; 445(7128):

648–651. https://doi.org/10.1038/nature05505 PMID: 17187052

36. Mizuno K, Morizane S, Takiguchi T, Iwatsuki K. Dexamethasone but not tacrolimus suppresses TNF-

alpha-induced thymic stromal lymphopoietin expression in lesional keratinocytes of atopic dermatitis

model. J Dermatol Sci. 2015; 80(1): 45–53. https://doi.org/10.1016/j.jdermsci.2015.06.016 PMID:

26198442

37. Weng Z, Patel AB, Vasiadi M, Therianou A, Theoharides TC. Luteolin inhibits human keratinocyte acti-

vation and decreases NF-kappaB induction that is increased in psoriatic skin. PLoS One. 2014; 9(2):

e90739. https://doi.org/10.1371/journal.pone.0090739 PMID: 24587411

PAMs ameliorates skin disease

PLOS ONE | https://doi.org/10.1371/journal.pone.0176823 May 2, 2017 19 / 19

https://doi.org/10.1007/s11655-015-1976-x
http://www.ncbi.nlm.nih.gov/pubmed/26015073
https://doi.org/10.1016/j.jdermsci.2009.07.001
http://www.ncbi.nlm.nih.gov/pubmed/19651492
https://doi.org/10.1111/j.0022-202X.2004.23459.x
https://doi.org/10.1111/j.0022-202X.2004.23459.x
http://www.ncbi.nlm.nih.gov/pubmed/15982296
http://www.ncbi.nlm.nih.gov/pubmed/2450098
https://doi.org/10.1016/j.jdermsci.2006.06.002
http://www.ncbi.nlm.nih.gov/pubmed/16859899
http://www.ncbi.nlm.nih.gov/pubmed/3128630
http://www.ncbi.nlm.nih.gov/pubmed/11281289
http://www.ncbi.nlm.nih.gov/pubmed/18560614
https://doi.org/10.1016/j.jaad.2004.02.022
https://doi.org/10.1016/j.jaad.2004.02.022
http://www.ncbi.nlm.nih.gov/pubmed/15389189
https://doi.org/10.1038/sj.jid.5700286
http://www.ncbi.nlm.nih.gov/pubmed/16575388
https://doi.org/10.4049/jimmunol.0802999
http://www.ncbi.nlm.nih.gov/pubmed/19380832
https://doi.org/10.1159/000373955
https://doi.org/10.1159/000373955
http://www.ncbi.nlm.nih.gov/pubmed/25720416
https://doi.org/10.1038/jid.2009.59
http://www.ncbi.nlm.nih.gov/pubmed/19322214
http://www.ncbi.nlm.nih.gov/pubmed/16081850
https://doi.org/10.1038/nature05505
http://www.ncbi.nlm.nih.gov/pubmed/17187052
https://doi.org/10.1016/j.jdermsci.2015.06.016
http://www.ncbi.nlm.nih.gov/pubmed/26198442
https://doi.org/10.1371/journal.pone.0090739
http://www.ncbi.nlm.nih.gov/pubmed/24587411
https://doi.org/10.1371/journal.pone.0176823

