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Abstract: Psoriasis is a chronic inflammatory skin disease characterized by hyperproliferation of
keratinocytes and expression of pro-inflammatory cytokines in the epidermis. New biological drugs
were developed for the systemic treatment of moderate to severe psoriasis. However, products for
the topical treatment of mild psoriasis are still required. Here, we examined the effect of natural
compounds on psoriasis-like keratinocytes in vitro and ex vivo. Psoriasis-like keratinocytes were
generated by treating human primary keratinocytes with the psoriasis-associated cytokines IL-17A,
TNF-a and IL-22. Initially, 10 botanical extracts from Ayurvedic Medicine, Traditional Chinese
Medicine, Northern American traditional medicine and Occidental Monastic Medicine were inves-
tigated using BrdU assays and IL-6 and IL-8 ELISAs. Curcuma amada, Humulus lupulus and Hyperi-
cum perforatum turned out to be the most effective plant extracts. In vitro, the plant extracts inhibited
the expression of anti-microbial peptides (3-defensin 2), the hyperproliferation marker keratin 17,
the glucose transporter 1 and downregulated the nuclear translocation of NF-xB and pSTAT3. In an
ex vivo psoriasis model, Humulus lupulus displayed the most prominent anti-proliferative and anti-
inflammatory effect. In conclusion, among the plant extracts investigated, Humulus lupulus showed
the most promising anti-psoriatic effect. It is an interesting candidate for topical psoriasis treatment
that should be further studied in clinical trials.

Keywords: psoriasis; interleukin 17A; interleukin 22; inflammation; 3-defensin 2; Humulus lupulus;
Hypericum perforatum; Curcuma amada

1. Introduction

Psoriasis is a chronic inflammatory skin disease that also frequently affects the joints
and is associated with other comorbidities such as obesity and vascular diseases. In Cen-
tral Europe, about 2-3% of the population suffers from psoriasis, with around 125 million
cases worldwide: 65-80% of all psoriasis patients have a mild form of psoriasis and use
topical products [1]. Topical therapies should clear small skin lesions, prevent the recur-
rence of psoriasis plaques and have no or only minimal side effects. The most effective
topical compounds are corticosteroids and the anthracene derivative small molecule
dithranol. However, the long-term use of topical corticosteroids may result in skin fragi-
lity and dithranol is mainly used in clinical settings due to a difficult outpatient handling.
Therefore, there is a high need for new safe and effective topical compounds. This study
aimed to find a botanical extract that meets these requirements.

Several cell types such as dendritic cells (DC), T cells, keratinocytes, neutrophils,
mast cells and macrophages are involved in the pathogenesis of psoriasis [2]. In our ex-
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periments, we focused on keratinocytes because they play an important role in both initi-
ating and maintaining the psoriatic inflammation and simultaneously showing a psoriatic
phenotype. In healthy persons, there exists a strictly regulated balance between prolifera-
tion of basal keratinocytes and desquamation of corneocytes, while psoriasis is character-
ized by an imbalance of this complex homeostasis [3]. In psoriasis, hyperproliferation of
keratinocytes results in disturbed cell differentiation, eventually leading to thickening and
scaling of the epidermis. Overexpression of epidermal keratin 17 (KRT17) is a typical
marker of hyperproliferation in psoriatic skin [4]. Keratinocytes are also involved in the
immunopathogenesis of psoriasis. Psoriatic lesions are frequently triggered by unspecific
insults like trauma or chemical irritants leading to the release of self-DNA and RNA from
dead or damaged keratinocytes. These nucleotides form complexes with anti-microbial
peptides in the skin (e.g., LL-37) and activate innate immune cells like neutrophils and DC
via Toll-like receptor (TLR) 9 [5,6]. Activated neutrophils release pro-inflammatory reac-
tive oxygen species (ROS) and DC produce TNF-a and interleukin (IL)-23. IL-23 is con-
sidered to be a key cytokine in psoriasis that promotes the proliferation of skin-resident T
helper cells (especially Th17 and Th22) and the release of IL-17A and IL-22. Psoriatic
keratinocytes also produce chemokines (e.g., CCL20 and CXCLS8 (IL-8)), anti-microbial
peptides ((3- defensin 2 (DEFB4A) and psoriasin (5100A7)) and other inflammatory factors
(TNF-a, IL-6, IEN-v). The secretion of these factors recruits additional Th1, Th17 and Th22
cells and neutrophils into the skin, and amplifies the inflammatory IL17/IL23 pathway
[6,7]. This inflammatory crosstalk between keratinocytes and immune cells is responsible
for the induction and maintenance of the psoriasis phenotype [7]. The psoriasis-associated
cytokines IL-17A, IL-22 and IFN-y induce the expression of the transcription factor Nrf2
and subsequently KRT17, eventually leading to hyperproliferation of keratinocytes [8].

In this study, we investigated 10 plant extracts that are characterized in Table 1. All
these extracts are traditionally used in folk medicine in eastern and western Asia (Tradi-
tional Chinese Medicine, TCM; Centella asiatica), in the Indian subcontinent (Ayurveda
medicine, AM; Bacopa monniera, Centella asiatica, Commiphora mukul, Curcuma amada, Hu-
mulus lupulus and Whrightia tinctoria), in America (Northern American traditional medi-
cine; Echinacea purpurea) and in Europe (Occidental Monastic Medicine, OMM,; Gentiana
lutea, Humulus lupulus, Hypericum perforatum, Menyanthes trifoliata), with possible effec-
tiveness against psoriasis from their traditional use. Centella asiatica, Commiphora mukul,
Gentiana lutea, Hypericum perforatum and Wrightia tinctoria are already used for psoriasis,
but dose-response studies and proof of concept studies are missing. Anti-proliferative ef-
fects of these extracts were often reported from experiments with tumor cells (e.g., in Cur-
cuma amada) and it is unclear if these effects can be transferred to psoriasis. The different
lead compounds of these plant extracts include terpenes and terpenoides, steroids,
phloroglucinol derivatives and nitrogen-containing alkylamides, and are summarized in
Table 1.
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Table 1. Characterization of 10 plant extracts used in folk medicines with their lead substances
and dithranol as a control.

DMSO

Plant Used Extract and
Lead Substance Possible Anti-Psoriatic Effects
Plant Family in Solubility
?H
Triterpenoid-Saponines: mon Anti-inflammatory [9,10]
Asiatic pennywort HPE extract of S U
TCM Asiaticoside (1.1%), Anti-oxidant [10,11]
(Centella asiatica) dried leaves
AM Madecassosid (6.4%), Anti-proliferative [9,12]
Apiaceae Soluble in PBS
DER 7/1 Wound healing induction [9,12]
Asiaticoside
Brahmi HPE extract of
Steroid-Saponine: Anti-inflammatory [13]
(Bacopa monniera dried leaves ,E e J\OJ\ PR Jl
AM Bacosides (6.7%), o Anti-oxidant [13,14]
L) Soluble in etha- o ‘C
DER 8/1 W Adaptogene [14]
Scrophulariaceae nol (70%)
Bacoside A3
Buckbean Secoiridoidglycoside: Anti-inflammatory [15]
HPE extract of
(Menyanthes trifoli- Dihydroforliamenthin (= 1%), Anti-oxidant [15]
TCM dried leaves
ata L.) DER: 2.5/1 Anti-proliferative [16]
Soluble in PBS o
Menyanthaceae (for 50% extract dissolved in ethanol) Hor” Inhibition of NO production [17]
OH
o o Anti-inflammatory [18-21]
Bitter glycoside:
Gentian HPE extract of Anti-oxidative [18]
Gentiopicroside (15.9%); X
(Gentiana lutea) OMM roots Inhibition of NF-«B [18,20,21]
DER ~1.8/1 A o
Gentianaceae Soluble in PBS Induction of ceramide synthesis
(for 50% extract dissolved in ethanol) H O-al
-glucose [19]
Supercritical
Anti-inflammatory [22-24]
Co-solvent ex-
Guggul Phytosteroid: Inhibition of lipid peroxidation
tract with COz +
(Commiphora Guggulsterone (2%); [23]
AM | EtOH (95 +5) of
mukul) DER: 3.5/1 Anti-proliferative [22-24]
tree gum
Burceraceae (for 50% extract dissolved in MCT-oil) Inhibition of AKT + NF-«B [22-24]
Soluble in etha-
Inhibition of mTOR [25]
nol (70%)
Superecritical CH, 0O o cH,
Bitter-hop acids: HQ Anti-inflammatory [26-28]
Hop CO: extract of HsC X CHs
OMM Humulones (48%), Anti-oxidant [26-29]
(Humulus lupulus) dried hop cones HO OH
AM Lupulones (24%) Anti-proliferative [26-28]
Cannabaceae Soluble in ‘
DER = 4/1 ™ CH, Inhibition of NF-xB + AP-1 [27]
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St. John’s wort

Supercritical

CO: extract of

Polyprenylated phloroglycinol

Anti-inflammatory [30,31]

Anti-oxidant [30,31]

dried branch
(Hypericum derivative:
OMM tips with flow- Anti-proliferative [30,31]
perforatum) Hyperforin (30%),
ers AMPK/mTOR inhibition [32]
Hypericaceae DER = 20/1
Soluble in Differentiation [33,34]
DMSO
HsC_ _CHs
Supercritical Anti-inflammatory [35]
Diterpenoid:
Mango ginger CO:z extract of Anti-oxidative [36,37]
(E)-Labda-8(17),12-diene-15,16-dial HaC CH,
(Curcuma amada) AM rhizoma H Anti-proliferative [35,36,38]
(LDD):
Zingiberaceae Soluble in etha- H Inhibition of AKT [38]
42%; DER: 33/1
nol (100%) o H o Pro-apoptotic [35,38]
Anti-inflammatory [39,40]
Supercritical
Purple coneflower 0 Anti-oxidative [40]
CO: extract of Total alkylamides (24.3%),
(Echinacea pur- Jk R2 Anti-proliferative [40]
NAM the dried roots total sterols: 4.8%, R1 N/
purea) | Inhibition of NF-kB [39,41]
Soluble in etha- DER = 125/1 R3
Asteracea Promotion of DC maturation [41]
nol (100%)
Cannabinomimetics [39]
Supercritical -
Triterpenes: Anti-inflammatory [42—45]
Sweet indraja CO: extract of
aund g Amyrin: 0.7%, Anti-oxidative [42,45]
(Writhia tinctoria) AM seeds
total sterols 5.4%, Anti-ulcer activity [43,45]
Apocynaceae Soluble in
DER: 5.2/1 Anti-dandruff properties [45]
DMSO
First synthe-
Dithranol sized in 1916 by Anti-inflammatory [46]

originally from

the Araroba tree

(Vataireopsis ara-
roba)

Fabaceae

the German
pharmaceutical

company Bayer

Stock solution

in DMSO

Anthracene compound:
Dithranol

(1,8-dihydroxy-9anthrone)

OH O

OH

Antioxidant [46]
Anti-proliferative [46]
Useful in psoriasis [46]

Side effects: e.g., skin irritation

and discoloration of the skin

Abbreviations: AM: Ajurvedic Medicine, DC: Dendritic Cell, DER: Drug Extract Ratio, HPE: High-Pressure Ethanol ex-
tract, MTC: Medium-Chain Triglycerides, NAM: Native American Medicine, OMM: Occidental Monastic Medicine, TCM:

Traditional Chinese Medicine.

The various pharmacological effects of these compounds, including anti-inflamma-
tory, anti-oxidative and anti-proliferative effects, are also listed in Table 1. Furthermore,
some extracts inhibit the AKT pathway (Curcuma amada, Hypericum perforatum, Commi-
phora mukul) or NF-xB translocation (Gentiana lutea, Commiphora mukul, Humulus lupulus,
Echinacea purpurea). NF-xB can bind to the promotor of several pro-inflammatory cyto-
kines such as IL-1p3, IL-6 and TNF-a [47] that are involved in the pathogenesis of psoriasis.

In a first screening approach, the 10 extracts were tested for the reduction of prolifer-

ation and pro-inflammatory signaling pathways that are characteristic for psoriatic
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keratinocytes. The most effective plant extracts, Humulus lupulus (HL), Hypericum perfora-
tum (HP) and Curcuma amada (CA), were then tested for their effect on the JAK/STAT3
pathway and the marker of hyperproliferation in psoriasis, KRT17, that is regulated by
the transcription factor NF-xB. In addition, the expression of the psoriasis marker
DEFB4A, coding for the anti-microbial peptide B-defensin 2, was investigated.

2. Materials and Methods
2.1. Plant Extracts

All extracts were produced by Flavex Naturextrakte GmbH. The dried botanicals
were gently milled to a powder with typical particle size between 200 and 600 microns by
using a cutting mill in a few cases, followed by a pin or turbo mill as a second step. The
guggul gum resin was deep-frozen, passed through a cutting mill and blended in a ratio
of 1 +1 with kieselguhr to form a powder.

High-Pressure Ethanol (HPE) extraction was archived by percolation of the plant
powder in a pressure vessel with ethanol at 100 bar, 80 °C and 10 kg/kg solvent ratio. The
ethanol was completely removed by vacuum distillation, and in case of Menyanthes trifolia
and Gentiana lutea, the remaining extract was again mixed with ethanol in a ratio of 1 + 1.
Whereas HPE extraction removes constituents of medium polarity like glycosides, super-
critical CO2 extraction even with a small amount of ethanol as co-solvent (used for Com-
miphora mukul) is a non-polar solvent extracting lipophilic compounds only. The 3 favour-
ites from efficacy screening, Humulus lupulus (HL), Hypericum perforatum (HP) and Cur-
cuma amada (CA) were so-called total COz extracts, i.e., all components soluble in pure CO:
were received as extract. Accordingly, the extract represents the complete lipophilic spec-
trum of plant constituents without any solvents and dilution, obtained under gentle pro-
cess conditions.

HL and CA were extracted at 280 bar/45 °C and HP at 300 bar/40 °C. The COzamount
was adjusted to obtain an extraction degree of about 90% of marker constituents based on
the mess balance of markers in feedstock, extract and extraction residue. The active com-
ponents of all extracts were analysed by HPLC. Authentic reference substances were used
for identification and quantification. In case of HL (which does not contain Xanthohumol),
the International Calibration Extract (ICE) 3 (Veritas AG, Ziirich, Switzerland) was used
for analyzing alpha and beta acids; in case of HP (which does not contain hypericin), a
self-isolated hyperforin/adhyperforin standard, concentration verified by Phytolab, Ger-
many, was used, and in case of CA, a self-isolated (E)-Labda-8(17),12-diene-15,16-dial
(LDD) standard was used according to Reference [48]. The characteristics of all extracts
are summarized in Supplementary Table S1.

2.2. Antibodies and Reagents

The following antibodies and dilutions were used for immunohistochemical stain-
ings: anti KRT17 (abcam, Berlin, Germany, 1:200), anti-BD 2 antibody (Peprotech, Rocky
Hill, CT, USA, 1:100), anti-psoriasin antibody (abcam, Cambridge, MA, USA, 1:100), anti-
GLUT1 antibody (abcam, Cambridge, MA, USA, 1:200), anti-NF-kB p65 antibody (F-6)
(Santa Cruz, Heidelberg, Gemany) and the phospho-STAT3 (Tyr705; Cell Signaling Tech-
nologies, Leiden, The Netherlands). The secondary antibody multi-link-biotin (Agilent-
Dako, Hamburg, Germany, 1:200), the streptavidin-HRP-label (abcam, Cambridge, MA,
USA) and the AEC-substrate (Zytomed, Berlin, Germany) were used according to the
manufacturer’s protocol. The fluorescence secondary antibodies Alexa Fluor 555 goat
anti-mouse IgG and Alexa Fluor 555 donkey anti-rabbit IgG were from Thermo Fisher
Scientific (Dreieich, Gemany). IL-22, IL-17A and TNF-a were from Peprotech (Rocky Hill,
CT, USA). Dithranol and DAPI (4',6-Diamidino-2-phenylindole dihydrochloride) were
from Sigma-Aldrich GmbH (Taufkirchen, Germany).



Biomolecules 2021, 11, 371

6 of 22

2.3. Cell Culture

Human primary keratinocytes (HPK) were prepared from adult skin of reduction
surgery (approved by the ethics committee of the University Medical Center Freiburg,
Certificate No EK432/18) and cultured according to the method of Rheinwald and Green
[49] in Keratinocyte-SFM medium (Thermo Fisher, Darmstadt, Germany). To generate
psoriasis-like HPK, cells were first grown in basal Keratinocyte-SFM medium (Thermo
Fisher, Darmstadt, Germany) and then incubated with psoriasis cytokines (IL-17A, IL-22
and TNF-qa, 20 ng/mL each) for 24 h. All cells were cultured at 37 °C in a humidified at-
mosphere with 5% COs. For extract treatment, the cells were incubated with the extracts
(1 pg/mL HL (Humulus lupulus), 1 ug/mL HP (Hypericum perforatum), 2 pg/mL CA (Cur-
cuma amara)) or 0.3 pug/mL dithranol for 2 h before the additional stimulation with the
psoriasis cytokines was performed for 24 h.

2.4. Cell Viability Assay

HPK were seeded in a 96-well plate (6000 cells per well) over night and were incu-
bated with basal Keratinocyte-SFM medium (Thermo Fisher, Darmstadt, Germany) for 24
h. Then, the cells were incubated for a further 24 h with the plant extracts before the cell
viability was assessed with the CellTiter-Glo2.0 Assay (Promega, Walldorf, Germany) ac-
cording to the manufacturer’s protocol. The method is based on the bioluminescent meas-
urement of ATP that is present in metabolically active cells. Luciferase catalyzes the for-
mation of light from ATP and luciferin. The emitted light intensity is linearly related to
the ATP concentration and is measured using a scanning multiwell spectrophotometer
(Sirius HT from BioTek, Bad Friedrichshall, Germany).

2.5. Cell Proliferation (BrdU Assay, Roche)

Proliferation was assessed by the BrdU cell proliferation assay (Roche, Mannheim,
Germany). 2 x 10° HPK were seeded per well in a 96-well plate and incubated for 24 h at
37 °Cunder 5% COz. Then, the cells were incubated with basal Keratinocyte-SFM medium
(Thermo Fisher, Darmstadt, Germany) for 24 h and stimulated for 72 h with psoriasis cy-
tokines (IL-17A, IL-22 and TNF-a, 20 ng/mL each) before the plant extracts were added
for 24 h. The BrdU assay labeling occurred according to the manufacturer’s instruction.
Absorption at a wavelength of 450 nm was measured in a scanning multiwell spectropho-
tometer (Sirius HT from BioTek, Bad Friedrichshall, Germany).

2.6. RNA Extraction and RT-PCR

The mRNA expression levels of DEFB4, KRT1, KRT17, GLUT1 and ACTB were meas-
ured by real-time qRT-PCR. Total RNA was extracted from HPK using the TRIzol reagent
(Thermo Fisher, Darmstadt, Germany). After extraction, 1 pg of total RNA was reverse
transcribed using the iScript cDNA Synthesis Kit (BIO-RAD, Feldkirchen, Germany) to
obtain cDNA. The real-time qRT-PCR reaction was performed using a SYBR Green kit
(Thermo Maxima SYBR Green qPCR Master Mix, Thermo Fisher, Darmstadt, Germany)
on a Bio-RAD CFX96™ Real-Time System. The used primers were the following;:

Hu DEFB4 5'-ACCACCAAAAACACCTGGAAG-3' forward and 5'-ACCAGGGAC-
CAGGACCTTTA-3' reverse; hu KRT1 5-GGCAGACATGGGGATAGTGTG-3' forward
and 5'-CTTGAGGGCATTCTCGCCA-3' reverse; hu KRT17 5-GAGATTGCCACCTAC-
CGCC-3' forward and 5-ACCTCTTCCACAATGGTACGC-3' reverse; hu GLUT1 5'-
TCTGGCATCAACGCTGTCTT-3' forward and 5-AAGGCAAGTGTCTCGACAGG-3' re-
verse;, hu ACTB: 5-CACTGTCGAGT CGCGTCC-3' forward and 5'-
TCATCCATGGCGAACTGGTG-3' reverse. The relative gene expression was determined
using the comparative Cr method using the formula of 2-44¢t [50] with ACTB as the internal
control. Data were expressed as mean + standard deviation (SD) of three independent ex-
periments from 3 different skin biopsies.
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2.7. Immunohistochemistry

Three um sections of paraffin-embedded skin explants were stained for keratin 17
(KRT17), S100A7 (Psoriasin), glucose transporter 1 (GLUT1) and 3-defensin 2 (BD2) with
the above-listed primary and secondary antibodies using the LSAB method (DCS, Ham-
burg, Germany). Random fields of sections from >2 independent skin explants were pho-
tographed at 100x magnification.

2.8. Immunofluorescence

HPK were pre-treated with either 1 ug/mL HL (Humulus lupulus), 1 ug/mL HP (Hy-
pericum perforatum), 2 ug/mL CA (Curcuma amada) or 0.3 pg/mL dithranol for 2 h before
the additional stimulation with the psoriasis cytokines (20 ng/mL of IL-17A, IL-22 and
TNEF-a) was performed for 24 h. Then, the cells were fixed using 4% formaldehyde at RT
for 10 min and permeabilized with methanol at 20 °C for 10 min. Subsequently, the cells
were blocked with 5% BSA for 1 h at RT and incubated overnight at 4 °C with the primary
antibodies (anti-p65 subunit of NF-xB antibody and anti-pSTAT3 antibody). DAPI was
used for nuclear staining. The % of total protein located in the nucleus was measured
using the Intensity Ratio Nuclei Cytoplasm Tool (RRID:SCR_018573) in Image]. Data were
shown as mean + SD of five independent experiments with two pictures per experiment.

2.9.1L-6 and IL-8 ELISA

IL-6 and IL-8 concentrations in cell culture supernatants were analyzed by a high-
sensitivity IL-6 and IL-8 ELISA (BD, San Jose, CA, USA) according to the manufacturer’s
protocol. Data were expressed as mean + SD of three independent experiments from 3
independent HPK or skin samples.

2.10. Psoriasis Ex Vivo Model

Ex vivo skin explants were prepared from sterile human skin biopsies (approved by
the ethics committee of the University Medical Center Freiburg (Certificate No EK432/18).
In brief, subcutaneous fat was removed to receive skin samples containing epidermis and
papillary dermis. The skin was blot-dried and tape-stripped (5 times) with autoclavable
stripes. Then, the skin was punched in 8 mm skin pieces and placed on cell culture inserts
with 1.0 um pore size (BD Falcon, Heidelberg, Germany), which were placed in 12-well
plates (BD Falcon, Heidelberg, Germany). Skin punches were cultured at the air-liquid
interphase and cultured under standard cell culture conditions. The culture medium con-
tained DMEM/Keratinocyte-SFM medium at equal concentrations with 5% FCS, 1.2 mM
CaCl2 and 50 pg/mL ascorbic acid. Round filter paper (8 mm) was soaked with 40 ul plant
extract (1 ug/mL HL (Humulus lupulus), 1 pg/mL HP (Hypericum perforatum), 2 ug/mL CA
(Curcuma amada) or 0.4 ug/mL dithranol) and placed on top of the skin explants for 24 h.
Subsequently, the explants were stimulated with psoriasis cytokines (IL-17A, TNF-a,
IL-22, 20 ng/mL each) in the medium. The medium was changed daily, and psoriasis cy-
tokines and ascorbic acid were freshly added to the medium and the filter paper was also
exchanged daily. After 4 days, the explants were harvested. The supernatants were snap-
frozen in liquid nitrogen and stored at —80 °C until being used for IL-6 and IL-8-ELISA.
The skin explants were fixed in formaldehyde, embedded in paraffin and stored at room
temperature for immunohistochemical stainings.

2.11. Statistical Analysis

Data analysis was performed using GraphPad Prism version 6.0 software (GraphPad
Software, San Diego, CA, USA). Significant statistical differences were evaluated using
one-way analysis of variance (ANOVA) followed by the Newman-Keuls Test or the col-
umn statistic with one sample t-test in case the stimulated sample was set as 100%. p-
values of <0.05 were considered statistically significant. Data are presented as the means
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+ standard deviation (SD) of at least three independent experiments from three skin sam-
ples.

3. Results
3.1. In Vitro Psoriasis Model

Several cytokines are used for the generation of psoriasis-like HPK, i.e., IL-17A, TNF-
a, IL-36y, oncostatin, IFN-y, IL-22 and IL-1a [51,52]. We treated HPK with different com-
binations of cytokines for different time periods. We then analyzed the cells for markers
typical for psoriasis, e.g., the expression of DEFB4A (coding for 3-defensin 2), as well as
the increase of the pro-inflammatory cytokines IL-6 and IL-8. We obtained a psoriasis-like
phenotype of HPK with a combination of physiological concentrations of IL-17A, IL-22
and TNF-a (20 ng/mL each). Especially IL-17A and TNF-a display an important inflam-
matory effect in the pathogenesis of psoriasis [53-55], whereas only IL-22, but not IL-17A
and TNF-a, cause epidermal alterations typical for psoriasis such as acanthosis [54]. The
psoriasis cytokine mix induced a psoriasis phenotype already after 24 h.

The increased expression of DEFB4A in the skin of psoriasis patients has been de-
scribed earlier [56] and was recently confirmed to be a good biomarker of psoriasis [57].
Therefore, we analyzed its expression in HPK after treatment with the above-described
cytokines.

As seen in Figure 1, only the treatment of HPK with IL-17A resulted in an increase of
DEFB4A expression. The combination of all three cytokines prominently increased
DEFB4A expression (Figure 1a). As KRT17 plays a key role in promoting keratinocyte hy-
perproliferation, we assessed if the psoriasis cytokines were also able to increase KRT17
expression in HPK. As shown in Figure 1b, only the combination of IL-17A, TNF-a and
IL-22 significantly increased KRT17 expression in relation to the untreated control (Figure
1b). Keratin 1 (KRT1) is directly involved in cell cycle control, which regulates keratino-
cyte differentiation [58]. It represents an early differentiation marker that is downregu-
lated in psoriasis; therefore, we also investigated if the psoriasis cytokines can reduce
KRT1 expression. TNF-at or IL-22 alone as well as the cytokine combination significantly
reduced KRT1 expression, whereas IL-17A showed a weaker effect (Figure 1c). Proliferat-
ing cells are dependent on glucose for their growth. The glucose transporter-1 (GLUT1) is
a member of sugar transporters and is necessary for injury- and inflammation-associated
keratinocyte proliferation. This transporter is weakly expressed in healthy skin, but
strongly upregulated in psoriasis lesional skin. Because it might facilitate epidermal hy-
perproliferation [59-61], we investigated if our cytokine mix has an effect on GLUT1 ex-
pression. Again, only the combination of all three cytokines significantly increased the
expression of GLUT1 (Figure 1d).
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Figure 1. IL-17A-, TNF-a- and IL-22-induced synergy by expression of psoriasis-related genes or proteins. HPK were
stimulated with IL-17A (20 ng/mL), TNF-a (20 ng/mL), IL-22 (20 ng/mL) or a combination of these cytokines (Pso) for 24
h. (a) DEFB4A, (b) KRT17, (¢) KRT1 and (d) GLUTI mRNA expression was analyzed by real time qRT-PCR (n = 3). ACTB
was used as reference gene for normalization. Protein level of secreted IL-6 (e) and IL-8 (f) was measured in the cell culture
supernatant by ELISA (n = 3). The dotted line indicates the value of the untreated sample. Data shown as mean + SD of
three independent experiments. (g) HPK were stimulated with the cytokine combination (20 ng/mL of IL-17A, IL-22 and
TNF-a, Pso) for 24 h and immunofluorescence stainings of p65 NFkB and pSTAT3 were performed. The nucleus is stained
with DAPI. Representative pictures of p65 NF«B and pSTATS3 staining in untreated and cytokine-treated cells. The % of
total protein in the nucleus was measured using the Intensity Ratio Nuclei Cytoplasm Tool (RRID:SCR_018573) in Image].
Data shown as mean + SD of five independent experiments with two pictures per experiment. Statistics were always one-
way ANOVA with Newman-Keuls post-test. * p <0.05, ** p < 0.01, *** p < 0.001, ns-not significant (p > 0.1).

Treatment of HPK with the single cytokines IL-17A, IL-22 or TNF-a had no signifi-
cant effect on the production of the pro-inflammatory cytokines IL-6 and IL-8 (Figure 1e,f).
However, a combination of all three cytokines strongly increased the production of IL-6
and IL-8. IL-6 [62] and IL-8 [63] play a central role in the pathogenesis of psoriasis, because
they activate lymphocytes in psoriatic inflammation. In addition, the combination of pso-
riasis cytokines induced the nuclear translocation of the p65 subunit of NFkB and the
phosphorylation of STAT3, as shown in immunocytochemical stainings (Figure 1g). Fur-
thermore, the cytokine mix significantly induced the proliferation of HPK, as measured
with the BrdU assay (Supplementary Figure Sla) without notable cytotoxic effects (the
cytotoxicity lies below 5%, Supplementary Figure S1b). In summary, treatment of HPK
with the cytokines IL-17A, IL-22 and TNF-a results in a psoriasis-like phenotype.
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3.2. Screening of Plant Extracts for Anti-Psoriatic Effects In Vitro

Psoriasis-like HPK were screened for the anti-proliferative and anti-inflammatory
potential with the 10 outlined plant extracts in Table 1 using BrdU assays and IL-6 and
IL-8 ELISA. Only extracts of Menyanthes trifoliata L (buckbean), Commiphora mukul (gug-
gul), Humulus lupulus (hop), Hypericum perforatum (St John’s wort) and Curcuma amada
(mango ginger) displayed dose-dependent anti-proliferative and anti-inflammatory ef-
fects with half maximal effective concentrations (ECso) below 50 pug/mL (Supplementary
Table S1). A cut-off of 50 pg/mL extract was defined due to practical considerations as
higher concentrations may lead to drawbacks in topical applications. Humulus lupulus
(HL), Hypericum perforatum (HP) and Curcuma amada (CA) turned out to be the most prom-
ising candidates, because these extracts were 10-times more effective than Menyanthes tri-
foliata L (buckbean) and Commiphora mukul (guggul).

The ECso values for anti-proliferative and anti-inflammatory effects in psoriasis-like
HPK range between 0.36 + 0.002 and 2.33 + 0.63 ug/mL (Table 2). The gold standard of
topical psoriasis therapy, dithranol, has an ECso value of 0.03 + 0.001 pg/mL. The deter-
mined concentrations were not cytotoxic for HPK, as demonstrated by the ECso value in
the cell viability assay showing 80% viable cells.

Table 2. Anti-proliferative and anti-inflammatory potential of Humulus lupulus, Hypericum perforatum and Curcuma amada.

Anti-Proliferative

(Humulus lupulus)

Plant Extract Cell Viability Effect Inhibition of IL-6 Inhibition of IL-8
HPK, ECso Psoriasis-Like HPK, | Pso-Like HPK, ECso | Pso-Like HPK, ECso
ECso
Hop

0.22 +1.15 ug/mL

0.36 +0.02 ug/mL 0.28 +0.26 ug/mL 0.34 + 0.44 ug/mL

St John's wort
(Hypericum perforatum)

0.35 £ 1.08 pug/mL

0.70 £ 0.03 ug/mL 0.14 £ 0.12pg/mL 0.28 £ 0.32 ug/mL

Mango ginger
212+11 L 2.33+0. L 1.08 +0. L 1.38 +0.67 L
(Curcuma amada) +1.16 ug/m 33 +0.63 pg/m 08 +0.38 pg/m 38 +0.67 pg/m
Control
Dithranol 0.05 + 0.02 ug/mL 0.03 £+ 0.001 ug/mL 0.01 £ 0.01 ug/mL 0.02 £ 0.01 ug/mL

Cells were treated with the corresponding extracts in a range from 0.2 to 400 pg/mL. For cell viability tests, HPK were
incubated with the extracts for 24 h and the CellTiter-Glo2.0 Assay was performed (n = 3). For measurement of cell prolif-
eration, psoriasis-like HPK were treated for 24 h with the corresponding extracts before the BrdU assay labeling was con-
ducted (n = 6). The IL-6 and IL-8 protein expression level was measured by ELISA (n = 3) in the supernatant of psoriasis-
like HPKs after 24 h extract treatment. ECso (half maximal effective concentration) were calculated with the

GraphPadPrism program.

3.3. Pathways Involved in the Anti-Psoriatic Effect of Curcuma amada (CA), Humulus lupulus
(HL) and Hypericum perforatum (HP)

The effect of HL, HP and CA on gene expression of the hyperproliferation marker
KRT17, the anti-microbial peptide DEFB4A, the early differentiation marker KRT1 and the
glucose transporter GLUT1 were analyzed in psoriasis-like HPK. As HPK isolated from
different skin biopsies varied in their stimulation capacity, the effect of extract treatment
was shown in relation to the stimulated sample that was set as 100%. In contrast, reactions
from the same biopsy were very matchable. Gene induction ranged for DEFB4A from 730-
to 7684-fold, for KRT17 from 3.6- to 6.4-fold, for KRT1 from 0.12- to 0.27-fold and for
GLUT1 from 2.2- to 7.12-fold.

All three extracts significantly decreased gene expression of DEFB4A and KRT17 in
a similar range as the positive control dithranol (Figure 2a,b). The early differentiation
marker KRT1 was upregulated by HL or HP extract with borderline significant (bs) p-
values of 0.07 and 0.09 for HL and HP respectively, whereas CA extract showed no effect
(p-value: 0.66; Figure 2c). Dithranol also failed to induce KRT1 expression (p-value: 0.52;
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Figure 2c). However, all three extracts as well as dithranol reduced the expression of the
glucose transporter GLUT1 (Figure 2d). Furthermore, all extracts and dithranol signifi-
cantly reduced the expression and release of the pro-inflammatory cytokines IL-6 and IL-
8 (Table 2 and Figure 2e,f).
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Figure 2. Effect of plant extracts on psoriasis-related genes or proteins. HPK were incubated with or without plant extracts
(1 pg/mL HL (Humulus lupulus), 1 ug/mL HP (Hypericum perforatum), 2 ug/mL CA (Curcuma amara) or 0.3 pg/mL D
(dithranol) for 2 h and then stimulated with psoriasis cytokines (IL-17A, TNF-a and IL-22; 20 ng/mL each) for 22 h (Pso).
(a) DEFB4A, (b) KRT17, (c) KRT1 and (d) GLUT1 mRNA expression was analyzed by real time qRT-PCR (n = 3). ACTB
was used as reference gene for normalization. Protein level of secreted IL-6 (e) and IL-8 (f) was measured in the cell culture
supernatant by ELISA (n = 3). The dotted line indicates the value of the untreated sample. Data shown as mean + SD of
three independent experiments. (g) Effect of plant extracts on p65 subunit of NF-«kB and (h) pSTAT3 nuclear translocation.
HPK were pre-treated with either 1 ug/mL HL (Humulus lupulus), 1 ug/mL HP (Hypericum perforatum), 2 ug/mL CA (Cur-
cuma amara) or 0.3 pg/mL D (dithranol) for 2 h prior to stimulation with 20 ng/mL of IL-17A, IL-22 and TNF-a. Cells were
fixed, permeabilized and the p65 subunit of NF-kB and pSTAT3 were stained using the antibodies noted in the Materials
and Methods Section, while DAPI was used for nuclear staining. The % of total protein in the nucleus was measured using
the Intensity Ratio Nuclei Cytoplasm Tool (RRID:SCR_018573) in Image]. Data shown as mean + SD of five independent
experiments with two pictures per experiment. Statistics were always one-way ANOVA with Newman-Keuls post-test. *
p <0.05, ** p<0.01, ** p <0.001, bs (borderline significant): 0.1 > p > 0.05, ns-not significant (p > 0.1).

Additionally, we analyzed the effect of the plant extracts on inflammation and pro-
liferation-related pathways in psoriasis, such as STAT3 and NF-«xB. The nuclear translo-
cation of the NF-kB subunit p65 was reduced by all three plant extracts and dithranol
(Figure 2g). pSTATS3 translocation was also inhibited by all compounds, as determined by
the percentage of nuclear content of pSTAT3 (Figure 2h). However, the translocation of
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the phosphorylated protein kinase AKT was not reduced in extract-treated psoriasis-like
HPK (data not shown).

3.4. Effects of Humulus lupulus, Hypericum perforatum and Curcuma amada in an Ex Vivo
Psoriasis Model

In order to confirm the effect of HL, HP and CA in a more natural setting, a psoriasis
ex vivo skin model was established. Skin punches from reduction surgeries harbor all cell
types of the skin and were cultured for 4 days at the air-liquid interface in an appropriate
differentiation medium [64]. By addition of the psoriasis cytokines from the in vitro ex-
periments (IL-17A, TNF-a, IL-22, 20 ng/mL each), an inflammatory milieu typical for pso-
riasis was simulated.

As psoriatic lesions are frequently triggered by unspecific insults like a trauma or
scratches, we performed tape stripping of the skin prior to taking punch biopsies. Subse-
quently, the secretion of the pro-inflammatory cytokines IL-6 and IL-8 was measured in
the culture supernatant by ELISA.

Tape stripping together with the stimulation with psoriasis cytokines increased IL-6
expression compared to biopsies treated only with cytokines or tape stripping (Figure 3a).
Psoriasis cytokines alone strongly increased the IL-8 expression in the skin samples. This
effect could only be slightly increased by additional tape stripping. Tape stripping alone
had a much smaller effect on IL-8 expression, although it was statistically significant
(Figure 3b).

Immunohistochemical analysis of psoriasin (S100A7) also confirmed that tape strip-
ping improves the ex vivo psoriasis skin model. Psoriasin is a psoriasis marker that con-
trols cell proliferation and differentiation, has anti-microbial peptide activity and pro-
motes the inflammatory process in psoriasis. The cultivation of skin biopsies for 4 days
(untreated control) increased psoriasin expression compared to skin biopsies taken di-
rectly after surgery. In cytokine-stimulated skin, psoriasin expression in the nucleus and
cytoplasm was increased in the upper layers of the skin (e.g., stratum granulosum and
stratum corneum). Tape stripping had nearly no effect on psoriasin expression, whereas
tape-stripped and cytokine-stimulated skin in all suprabasal layers showed a positive nu-
clear and cytoplasmic psoriasin staining (Figure 3c). This psoriasin staining is comparable
to psoriatic skin with its weak expression in the basal cells and the intense expression in
the nuclei and plasma membrane of the suprabasal skin layer [65].

[-defensin 2 (BD2), a further antimicrobial peptide, was strongly increased in our
psoriasis ex vivo model. This protein is also expressed in lesional psoriasis skin, but not
in healthy human skin. The untreated skin sample showed no BD2 expression. Treatment
of skin punches with psoriasis cytokines increased the suprabasal BD2 expression,
whereas tape stripping alone had no effect. Tape stripping together with psoriasis cyto-
kines slightly increased BD2 expression compared to only cytokine-stimulated skin (Fig-
ure 3¢).

As KRT17 upregulation alters cell proliferation, migration and inflammatory features
that contribute to the hyperproliferation in psoriasis [66], we also analyzed KRT17 expres-
sion in our ex vivo psoriasis skin model. Unfortunately, KRT17 was already strongly ex-
pressed in the untreated skin sample in the whole epidermis (Figure 3c), and could not
further be increased by cytokine stimulation and tape stripping. KRT17 together with
KRT6 and 16 acts as an early barrier alarmin and is upregulated upon skin injury [66]. It
is possible that this upregulation in our ex vivo psoriasis skin model is induced by the
punch biopsy and handling procedures. Therefore, KRT17 is not a suitable marker in the
ex vivo psoriasis skin model, although it was a good marker in the in vitro psoriasis
model.
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Figure 3. Generation of an ex vivo psoriasis model. Skin models have been cultured for 4 days at the air-liquid interface
using appropriate differentiation medium. The skin models were left untreated, stimulated with psoriasis cytokines (IL-
17A, TNF-a, IL-22, 20 ng/mL each; Pso), tape stripped (TS) or both actions were performed (TS + Pso). The protein level of
secreted IL-6 (a) and IL-8 (b) was measured in the cell culture supernatant by ELISA (n = 4). (c) Skin models were fixed,
embedded in paraffin and 3 um sections were stained with antibodies against psoriasin (S100A7), 3-defensin 2 (BD2),
keratin 17 (KRT17) or glucose transporter 1 (GLUT 1) (n = 4). Scale bar = 100 pm. ** p <0.01, *** p <0.001, ns-not significant
(p>0.1).

As GLUT1 showed an increased expression in our in vitro psoriasis model after stim-
ulation with psoriasis cytokines, we also tested its role in our ex vivo psoriasis model.
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Cultivation of the skin model for 4 days showed a slight GLUT1 expression (Figure 3c).
However, tape stripping together with cytokine stimulation further increased GLUT1 ex-
pression in the basal and first suprabasal cell layers (Figure 3c).

Taken together, the ex vivo psoriasis skin model generated by tape stripping and
stimulation with psoriasis cytokines (IL-17A, TNF-a and IL-22) turned out as a useful pso-
riasis ex vivo model, with psoriasin, BD2 and GLUT1 as psoriasis markers.

The ex vivo psoriasis skin model was treated with extracts of HL, HP and CA, or the
positive control dithranol. When the extracts were added to the medium, no effect con-
cerning the secreted IL-6 and IL-8 protein levels as well as the BD2, psoriasin and GLUT1
expression could be observed (data not shown). To simulate topical treatment, we applied
the plant extracts or controls on top of the skin model via an extract-soaked filter paper.
In this setting, we could demonstrate a significantly reduced expression and secretion of
IL-6 after HL and HP treatment, whereas the treatment with CA and dithranol showed
only a trend (Figure 4a).
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Figure 4. Effect of plant extracts in the ex vivo psoriasis model. The skin models were incubated with or without filter
paper soaked with 40 ul plant extract solution on top of the skin explants (1.5 ug/mL HL (Humulus lupulus), 1.5 pg/mL HP
(Hypericum perforatum), 3 ug/mL CA (Curcuma amara) or 0.4 ug/mL D (dithranol) for 24 h and then stimulated with psori-
asis cytokines (IL-17A, TNF-a and IL-22; 20 ng/mL each (Pso)) for 72 h. The protein level of secreted IL-6 (a) and IL-8 (b)
was measured in the cell culture supernatant by ELISA (n = 2). (c) Skin models were fixed, embedded in paraffin and 3
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um sections were stained with antibodies against psoriasin (S5100A7), B-defensin 2 (BD2), keratin 17 (KRT17) or glucose
transporter 1 (GLUT1). Scale bar = 100 um. * p < 0.05, ns-not significant (p > 0.1).

Only HL treatment showed a significantly reduced IL-8 secretion. The other treat-
ments were not statistically significant (Figure 4b). Treatment with HL and HP as well as
dithranol could decrease psoriasin expression in the psoriasis ex vivo skin model, whereas
treatment with CA showed no effect (Figure 4c). HL and dithranol strongly reduced BD2
expression in this psoriasis model. HP und CA also inhibited BD2 expression, but to a
lesser extent. GLUT1 expression was only decreased by HL, whereas HP, CA and
dithranol showed no effect (Figure 4c).

4. Discussion

During the last decade, several new biological drugs were developed for the systemic
treatment of moderate to severe psoriasis and psoriatic arthritis. These immunological
therapies neutralize the effect of various pro-inflammatory cytokines, such as TNF-a,
IL-17A and IL-23. However, for the treatment of mild forms of psoriasis and childhood
psoriasis, topical products are required. To date, prescription topical drugs include glu-
cocorticoids, vitamin D derivatives, combinations of both and dithranol. All of these drugs
may reduce symptoms such as pruritus and scaling and could prolong the symptom-free
period, but also have limitations due to side effects such as skin fragility or skin irritation
[67]. Herbal medicines are often less effective but have the advantage of fewer side effects.
In addition, plant extracts possess more active compounds and therefore often act on var-
ious targets simultaneously. In this study, we aimed at identifying a plant extract that
displays anti-psoriatic effects without severe toxic effects that could be further developed
as a topical treatment for limited or childhood psoriasis. Several plant extracts have been
described as anti-psoriatic in various in vitro test systems (Artemisia capillaris extract, pae-
oniflorin, curcumin, indigo, rhododendrin and isoflavones) [8,67-73]. However, most of
the tests were performed with HaCaT cells with or without imiquimod (IMQ) stimulation.
HaCaT cells represent an immortalized keratinocyte cell line and are considered as not
very suitable for psoriasis research, because IL-17A or IFN-y and TNF-a stimulation did
not increase the expression of inflammatory markers (e.g., STAT3) or enhance cell prolif-
eration in these cells [74]. On the other hand, psoriatic keratinocytes show increased cell
proliferation, disturbed cell differentiation and an inflammatory phenotype, but they lose
their specific psoriasis characteristics when they are no longer stimulated with psoriasis
cytokines. Furthermore, the generation of psoriasis HPK cultures from psoriasis skin is
difficult and only successful in about 10% of all cases [75]. Therefore, we established pso-
riasis-like HPK by treating HPK with the cytokines IL-17A, TNF-a and IL-22 [51,52]. Pso-
riasis-like HPK are very similar to cytokine-stimulated HPK isolated from psoriasis le-
sions.

The screening of ten plant extracts used in folk medicine showed that CA, HL and
HP may reduce the proliferation of psoriasis-like HPK already at low concentrations. Ex-
ploring their mode of action revealed that these extracts downregulate KRT17 in vitro.
KRT17 is a type I intermediate filament that is upregulated in psoriatic plaques and its
expression indicates hyperproliferation under pathological conditions [66]. Treatment of
human keratinocytes with IL17A, TNF-a and IL-22 upregulates KRT17 by the transcrip-
tion factor STAT3 that is constitutively phosphorylated in psoriasis [76,77]. De Jong et al.
compared the KRT17 expression in 6 psoriasis patients before and after topical treatment
with dithranol or a vitamin D3 analogue [78]. They could show that KRT17 expression
was reduced and positively correlated to the clinical response. Subsequently, it turned out
that psoriasis treatments such as corticosteroids, retinoids and dithranol downregulate
KRT17 [79-82]. In a mouse model, knocking down KRT17 inhibits the proliferation of
keratinocytes in vitro and reduces epidermal hyperplasia and inflammatory cell infiltra-
tion on transplanted psoriatic tissue [66,83]. Therefore, it was suggested that KRT17 may
be a critical factor in psoriasis pathogenesis and a good target for therapy [82]. The most
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promising extracts in our study (CA, HL and HP) also reduced the KRT17 expression in
the in vitro psoriasis model. The results are comparable to studies with gallic acid, a nat-
ural small molecule from radix of Paeoniae rubra, that also suppressed IL17A-mediated
KRT16 and 17 expression in HaCaT cells and in an IMQ-psoriasis mouse model in vivo
[84]. This study showed comparable results in HaCaT cells with gallic acid in the same
concentration range as the data described here. As the authors stimulated the cells only
with IL-17A, the stimulatory range was quite small (1.3-2-fold induction concerning pro-
tein and mRNA expression). As our findings have shown, this induction might have been
increased by the addition of TNF-or and IL-22.

Additionally, HL, HP and CA inhibited the activation of the transcription factor
NF-kB, which can further influence the expression of KRT17 and is traditionally consid-
ered as a positive regulator of inflammation responsible for sustaining the inflammatory
environment of psoriasis [72]. The expression of the psoriasis marker BD2 was also re-
duced by HL, HP and CA. BD2 acts not only as an anti-microbial peptide but it may also
be involved in skin immunity by stimulating the expression of IL-6 or phosphorylation of
the transcription factor STAT3 and promoting keratinocyte proliferation [85]. HL and HP,
but not CA and the positive control dithranol, increased the expression of the differentia-
tion marker KRT1 that is reduced in psoriasis-like HPK. Similarly, hyperforin, the major
lipophilic active ingredient of HP, stimulates calcium influx into psoriasis HPK, activates
the expression of the transient receptor potential cation channel, subfamily C, member 6
(TRPC6), and promotes proper cell differentiation [34].

HL and HP display similar effects as the flavonoid luteolin-7-glucoside (LUT-7G)
that increased the expression of the differentiation markers KRT1 and 10 in vitro in IL-22-
stimulated HPK. Furthermore, LUT-7G inhibited IL-22-induced nuclear translocation of
pSTAT3 in HPK [86]. CA, HL and HP were also able to inhibit the nuclear translocation
of pSTAT3 and thus block the transcription of downstream genes that are involved in
proliferation and cell cycle regulation [87]. The importance of STAT3 in the pathogenesis
of psoriasis was demonstrated by the conditional STAT3 overexpression in mouse skin,
leading to epidermal hyperplasia and the development of a psoriasis-like phenotype [88].
Although it was described that CA reduces the activation of the protein kinase AKT in
glioblastoma cell lines [35], in our psoriasis setting, no reduction of AKT could be de-
tected, although AKT is also involved in keratinocyte hyperproliferation and chronic in-
flammatory skin conditions [89]. The same was true for HL. and HP (data not shown), so
that these plant extracts obviously do not act on the AKT pathway.

To confirm the in vitro data, we generated a human ex vivo psoriasis model. Direct
ex vivo use of psoriasis biopsies would be the best way to study the disease under con-
trolled conditions. However, for this approach, several psoriasis biopsies from one patient
would be required. As this raises practical and ethical problems, we used skin biopsies
from reduction surgery and incubated them with the cytokine combination that we al-
ready used in the in vitro setting. It turned out that tape stripping of the skin represents
an unspecific insult-like trauma that is essential for generating a proper psoriasis model.
However, as KRT17 is also upregulated in wounds and by tape stripping, we could not
use this marker in our ex vivo approach with skin biopsies.

The effect of HL, HP and CA on the release of pro-inflammatory cytokines like IL-6
and IL-8 was studied in our ex vivo psoriasis model. All three extracts reduced the ex-
pression of these pro-inflammatory cytokines. As CA (Curcuma amada) as well as turmeric
(Curcuma longa L.) belong to the ginger family, their mode of action might be similar. Be-
cause the polyphenol curcumin isolated from turmeric is described as an anti-psoriatic
agent that is used in TCM and in Ayurveda Medicine, a comparison to CA would be in-
teresting. Curcumin downregulated pro-inflammatory cytokines such as IL-17 and TNF-
a in IMQ-stimulated HaCaT cells [70]. However, the leading compound of CA is the
diterpenoid LDD ((E)-Labda-8(17),12-diene-15,16-dial (LDD)) that is structurally different
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from the polyphenol curcumin. Nevertheless, CA and turmeric both show anti-inflamma-
tory effects. Similar anti-inflammatory effects are displayed by luteolin and 3',4',5,7-tetra-
methoxyluteolin [86].

The most potent topical treatment for psoriasis is the anthracene derivative dithranol,
formerly known as chrysarobin. It was originally obtained from the bark of the araroba
tree that grows in the rain forest of the Amazon. Dithranol inhibits the release of pro-
inflammatory cytokines and the proliferation of keratinocytes [46,81]_and was used as a
positive control in our settings. However, dithranol can cause severe skin irritations in
vivo such as redness, itching and a burning sensation, and might stain the skin and clothes
brown.

The anti-psoriatic effect of topical herbal therapies (e.g., Aloe vera, Capsicum frutescens
or the alkaloid capsaicin, Curcuma longa or curcumin, Hypericum perforatum, Indigo natu-
ralis, Mahonia aquifolium) has recently been evaluated in vivo [90-97]. Only a few extracts
showed significant anti-psoriatic effects compared with control groups. One of the effec-
tive extracts originated from Mahonia aquifolium was used by native Americans for centu-
ries to treat psoriasis. A randomized placebo-controlled double-blind study in 200 psori-
asis patients confirmed the efficacy and safety of a 10% Mahonia ointment [95]. Another
promising herbal treatment is Indigo naturalis (Baphicacanthus cusia Brem.), an important
medication in Traditional Chinese Medicine (TCM). It is a blue powder obtained from the
plant Baphicacanthus cusia by grinding, fermentation and addition of lime. It contains 1.4%
indigo and 0.16% indirubin. Treatment with indigo improved symptoms in a placebo-
controlled study of 42 patients by 81%, while the improvement with placebo was only
26% [98]. As a side effect, 4 patients showed itching. However, Indigo naturalis may cause
long-lasting blue staining of skin and clothes, and all studies with Indigo extract were
performed with Asian patients. Whether the effect of Indigo naturalis is comparable in
Caucasians has not yet been assessed [99].

Therefore, there is still a need for new topical treatment options for psoriasis. In our
study, CA, native to Asia, displayed anti-inflammatory effects and reduced KRT17 ex-
pression in vitro, but in the ex vivo model, it had no effect on psoriasin and GLUT1 ex-
pression, and the reduction on BD2 expression was only small. In contrast, HL was effec-
tive in vitro and also strongly reduced the expression of psoriasin, BD2 and GLUT1 in the
ex vivo skin model. This effect was even more prominent than for HP, that showed no
effect on GLUT1 expression ex vivo. HL is easy to obtain in industrial countries because
it is cultivated for beer production. Randomized placebo-controlled studies with HL in
psoriasis are warranted to confirm the encouraging results of our in vitro and ex vivo
studies. With HP, two small placebo-controlled, double-blind half-side comparisons with
10 or 20 patients have been performed. Patients with mild to moderate plaque psoriasis
were treated with 5% HP extract and showed a significant reduction of the PASI and the
lesional TNF-a expression [95,100].

5. Conclusions

We have established an in vitro and ex vivo psoriasis model by stimulating keratino-
cytes and tape-stripped skin biopsies with psoriasis-associated cytokines. In these models,
we have identified three promising plant extracts—HL, HP and CA—with pronounced
anti-psoriatic effects. The most promising extract is HL because of its anti-proliferative
and anti-inflammatory effects at low concentrations in vitro and ex vivo. HL is available
at relatively low prices on the market. It might be suitable for the topical long-term treat-
ment of psoriasis. Used as a basic emollient, it might enhance the healing process and
prolong the symptomless interval in psoriasis.

Supplementary Materials: The following are available online at www.mdpi.com/2218-
273X/11/3/371/s1, Table S1: Anti-proliferative and anti-inflammatory potential of 10 plant extracts
used in folk medicines, Figure S1: Effect of psoriasis cytokines (cytokines (IL-17, IL-22. TNF-a, 20
ng/mL) in HPK on cell proliferation and cell cytotoxicity [100,101].
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