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Paeonol ameliorates imiquimod-induced psoriasis-like skin
lesions in BALB/c mice by inhibiting the maturation
and activation of dendritic cells
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Abstract. Paeonol, an active component derived from the
traditional Chinese medicine Cortex Moutan, possesses
anti-inflammatory, analgesic, antioxidant and anti-allergic
properties. Psoriasis is a chronic, recurrent, inflammatory
dermatosis accompanied by excessive activation of Toll-like
receptors (TLRs) in dendritic cells (DCs), which are
primarily responsible for initiating an immune response.
We investigated the effect of paeonol on inflammation in
an imiquimod (IMQ)-induced psoriasis-like mouse model
and murine bone marrow-derived dendritic cells (BMDCs)
stimulated by R848. Mice were intragastrically administered
100 mg/kg (high), 50 mg/kg (medium) and 25 mg/kg (low)
paeonol, respectively. We evaluated inflammation of psori-
asis-like lesions based on histological changes, protein levels
of myeloid differentiation factor 88 (MyD88) and TLRS in skin
lesions by western blotting, and levels of CD11c* DCs in skin by
immunoassay and in spleens by flow cytometry. Inflammatory
cytokines [interleukin (IL)-23, IL-12 and IL-1f] in skin lesions
and BMDCs were also assessed by RT-PCR and ELISA.
Application of paeonol decreased IMQ-induced keratinocyte
proliferation, and infiltration of CD3* cells, while the treatment
ameliorated CDl11c* cells in the spleen and skin, and reduced
MyD88 and TLRS proteins in skin lesions. Paeonol inhibited
IMQ-induced mRNA expression of IL-23, but not IL-12 and
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IL-1p in BMDCs, along with significantly lower levels of DCs
expressing MHCII, CD80 and CD86 in vitro. These results
indicate that paeonol suppresses the maturation and activation
of DCs by decreasing MyD88 and TLRS proteins in the TLR7/8
signaling pathway which finally alleviates psoriasis-like skin
lesions. The TLR7/8 signaling pathway in DCs provides an
important insight into the mechanism of psoriasis, and paeonol
may be a potent therapeutic drug for psoriasis.

Introduction

Psoriasis is considered as a genetic, immunological skin
disease, estimated to affect 2-4% of the population world-
wide (1,2). Histological changes of psoriasis are characterized
by hyperproliferation and poor differentiation of epidermal
keratinocytes, increased skin vascularization and leuko-
cyte infiltration, including T cells, macrophages, dendritic
cells (DCs) and neutrophils (3). As a central pathogenic player
that activates T cells and produces cytokines and chemokines
in psoriasis (4), DCs in the dermis may be responsible for
inflammatory infiltrates and development of psoriasis (5).

DCs that serve as surveillance cells in the body, are the most
important professional antigen-presenting cells (APCs), and
migrate towards immune organs to present processed antigens
to T cells, initiating primary immune responses (6,7). Infla-
mmatory DCs in developing psoriasis are the important source
of pro-inflammatory cytokines including interleukin (IL)-23,
IL-12, IL-6, IL-1P and tumor necrosis factor-a (TNF-a) (8.,9).
As known, it is through IL-23 and IL-12 that DCs drive IL-17-
producing T cells, such as Thl and Th22 cells, the activation
of which leads to excessive production of psoriatic cytokines
such as IL-17 and interferon (IFN)-y mediating effects on
keratinocytes to amplify inflammation (10-14). Controlling
these pro-inflammatory cytokines in DCs would be a break-
through for psoriasis treatment.

It is well-known that innate immune cells, such as DCs,
recognize invading pathogens by Toll-like receptors (TLRs)
and respond appropriately to resolve infections (15). TLRs
play important roles in the development of psoriasis, but
targeting TLR signaling in DCs remains a challenge for
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treating psoriasis. Imiquimod (IMQ) is a ligand of TLR7/8
and a potent immune activator, which causes activation and
maturation of DCs when applied to the skin of mice (16,17).
TLR signaling involves the recruitment of adaptor proteins,
such as myeloid differentiation factor 88 (MyD88) (18), and
controlling the MyD88-dependent signaling pathway should
throw new light on the treatment of inflammatory diseases
closely related to DCs, such as psoriasis.

Paeonol is a small-molecule compound derived from
a Chinese herbal plant Cortex Moutan, widely used as a
traditional Chinese medicine (TCM) for alleviation of inflam-
matory disorders and it has been proved to treat inflammation,
allergies and cancer (19). However, its effects on the devel-
opment and final outcome of these diseases remain unclear.
Numerous drugs containing paeonol are applied as prescribed
medicines for the treatment of eczema, dermatitis, psoriasis
and other skin diseases in China (20). Herein, for the first time,
we showed that paeonol alleviated IMQ-induced psoriasis
in mice by inhibiting the production of pro-inflammatory
cytokines such as IL-23. Bone marrow-derived dendritic
cells (BMDCs) stimulated with R848 and treated with paconol
were also investigated. Therefore, control of maturation and
activation of DCs by decreasing MyD88 and TLR8 proteins
in the TLR7/8 signaling pathway by paeonol could be a novel
strategy to treat psoriasis.

Materials and methods

Psoriatic model in mice. The 8- to 10-week-old-male BALB/c
mice (18-20 g) were supplied by Beijing HFK Bioscience Co.,
Ltd. (Beijing, China) (certification no. SCXK Jing 2014-0004),
and maintained with free access to food and water under
specific pathogen-free conditions.

The mice were divided into six groups of eight mice each.
Five groups were administered a daily topical dose of 42 mg
of a cream preparation containing 5% IMQ (Mingxinlidi
Laboratory, China) on their hair-free backs to establish a
model of IMQ-induced psoriasis. The control group (Con)
received appropriate vaseline. Paeonol (National Institutes
for Food and Drug Control, Beijing, China), was dissolved in
normal saline (NS) to achieve different concentrations for oral
administration. The model group (IMQ) received saline and
the methotrexate (MTX) group received 1 mg/kg MTX, a drug
used for psoriasis treatment. The paeonol-high (PH) group
received 100 mg/kg paeonol, the paeonol-medium (PM) group
50 mg/kg paeonol, and the paconol-low (PL) group 25 mg/kg
paeonol. All treatments were administered (0.4 ml/day) from
the day IMQ was applied, once a day for a week. After
7 days, the mice were sacrificed by cervical dislocation under
sodium pentobarbital anesthesia, while skin lesions and serum
samples were collected. All animal experiments were perfo-
rmed in accordance with the Guide for the Care and Use of
Laboratory Animals, formulated by the National Institutes of
Health (Bethesda, MA, USA), and approved by the Office of
the Experimental Animal Management Committee (Beijing,
China) and the local animal ethics committee.

Isolation of bone marrow cells and in vitro induction and
culture of BMDCs. BMDCs were induced from bone marrow
cells of C57/BL6 mice by flushing the femurs and tibiae of
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6- to 10-week-old mice with phosphate-buffered saline (PBS).
Pooled cells from four limbs were washed in RPMI-1640
medium after lysis of red blood cells, and then plated in
6-well Petri dishes (1x107/well) with RPMI-1640 medium
supplemented with 10% fetal bovine serum (FBS) (Gibco Life
Technologies, Grand Island, NY, USA), 1% penicillin-strep-
tomycin, 20 ng/ml IL-4 and 20 ng/ml GM-CSF (both from
PeproTech, Rocky Hill, NJ, USA), cultured for 7 days to induce
DCs and the supplemented medium was replaced every day.
CDllIc* DCs were sorted by magnetic beads and seeded in
6-well plates on day 8. BMDCs were then induced to matura-
tion by R848 (1 ug/ml). Different concentrations of paeonol
(75, 35.5 and 17.75 pg/ml) were added into the medium, and
we collected the cells after 24 h.

Severity scoring of skin inflammation. The severity of skin
inflammation was monitored and graded using a modified
human scoring system Psoriasis Area Severity Index (PASI).
Scaling, thickness and erythema were scored separately on a
scale from O to 4: 0, none; 1, slight; 2, moderate; 3, marked;
and 4, very marked. The total score denotes severity of
inflammation.

Histopathological examination and immunochemical, immu-
nofluorescence studies. Mice were sacrificed by cervical
dislocation under sodium pentobarbital anesthesia after one
week. The skin lesions were removed, fixed in 10% formalin
and embedded in paraffin.

Sections (5-ym) were stained with hematoxylin and
eosin (H&E). The staining was assessed by light micro-
scope (Olympus, Tokyo, Japan) and epidermal thickness was
measured by Image-Pro Plus 6.0 software (Media Cybernetics,
Inc., Rockville, MD, USA).

For immunostaining, skin sample sections from the back
lesions were stained with anti-rabbit proliferating cell nuclear
antigen (PCNA) (Cat. no. ab15497; diluted 1:100), CD3
(Cat. no. ab16669; diluted 1:100) and CD11c (Cat. no. ab33483;
diluted 1:500) antibodies (all from Abcam, Cambridge, UK)
and staining was assessed using light and fluorescence micro-
scopes (Olympus).

Cell viability assay. The effects of paeonol on cell viability
were assessed using the Cell Counting Kit-8 (CCK-8) assay
(Dojindo Laboratories, Kumamoto, Japan) according to the
manufacturer's instructions. Cells were seeded in 96-well
plates and treated with different paeonol concentrations for
24 h. The plates were incubated at 37°C in 5% CO, for 2 h.
The mean optical density (OD) of the cells in each group was
used to identify the non-toxic concentration of paeonol.

Real-time polymerase chain reaction (RT-PCR). Total RNA
was extracted from skin lesions and BMDCs using TRIzol
(Invitrogen Life Technologies,Carlsbad,CA,USA)and purified
using a NucleoSpin RNA clean-up kit (Macherey-Nagel,
Germany). Following the generation of complementary DNA
using an AffinityScript multiple temperature cDNA synthesis
kit (Agilent Technologies, Inc., Santa Clara, CA, USA), the
relative expression levels of genes were determined with an
ABI 7500 Fast Real-Time PCR system using real-time PCR
Master Mix (Roche Diagnostics, Indianapolis, IN, USA). The



INTERNATIONAL JOURNAL OF MOLECULAR MEDICINE 39: 1101-1110, 2017

Table I. Primers used for RT-PCR.

Primer sequences

IL-23 F: 5-ACTCCCCATTCCTACTTCTCCCT-3'
R:5'-CACTTGCTGCATGAGGAATTGTA-3'

IL-1B F: 5-TGCCACCTTTTGACAGTGATGA-3'
R:5-TGTGCTGCTGCGAGATTTGA-3'

IL-12 F: 5'-“TCAACGCAGCACTTCAGAATCACAA-3'
R:5-GAAGGCGTGAAGCAGGATGCAGAGC-3'

B-actin  F: 5-CGTTGACATCCGTAAAGACCTC-3'

R:5-ACAGAGTACTTGCGCTCAGGAG-3'

F, forward; R, reverse; IL, interleukin.

gene-specific primers are listed in Table I. Cycle parameters
were as follows: 95°C for 10 min; 50 cycles of 95°C for 15 sec,
and 60°C for 60 sec. The (-actin gene was used as a reference
to normalize the data that was quantitatively analyzed using
the 244% method.

Western blotting. Skin samples were lysed and the protein
was resolved by 10% sodium dodecyl sulfate-polyacrylamide
gel electrophoresis (SDS-PAGE). The membrane fractions
were incubated with MyD88 (4283; Cat. no. 4283; Cell
Signaling Technology, Inc., Danvers, MA, USA), rabbit-TLRS
(Cat. no. ab180610; Abcam) and mouse anti-B-tubulin
(Cat. no. YM3030; Immunoway) antibodies, followed by
IRDye 700DX- or 800DX-conjugated secondary antibodies
(Rockland Immunochemicals Inc., Gilbertsville, PA, USA).
Immunofluorescence was assessed by Odyssey infrared
imaging system (LI-COR Biosciences, Lincoln, NE, USA).

Flow cytometric analysis. Spleen samples from each group
were harvested to determine whether the frequency of DCs
was altered in the spleens of the IMQ-induced mouse model
following treatment with paeonol. Following, the samples
were minced through a 70-ym mesh to obtain single-cell
suspensions, and 1x10° cells were stained with fluorescein
isothiocyanate (FITC)-conjugated mouse anti-CD11c. Samples
were analyzed using flow cytometry (FCM).

To determine whether paeonol altered the ratio of mature
and activated DCs induced by R848 in vitro, BMDCs from
different groups were suspended in PBS, and then stained
with anti-CDI11c-PE (Cat. no. ab155349), anti-MHCII-FITC
(Cat. no. ab93561), anti-CD80-FITC (Cat. no. ab24860) and
anti-CD86-FITC (Cat. no. ab24862) antibodies at 4°C for 30 min
in the dark. Cells were washed once with PBS and analyzed
with FCM.

ELISA. BMDCs were seeded in 12-well culture plates at
a density of 1x10° cells/ml and pretreated with various
concentrations (75, 35.5 and 17.75 pg/ml) of paeonol for 24 h,
followed by R848 (Cat. no. SML0196; Sigma, St. Louis, MO,
USA) (1 pg/ml) for 24 h. The levels of IL-12p40 and IL-12p70
in the supernatants were determined using mouse ELISA
kits according to the manufacturer's instructions, with stan-
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Figure 1. Chemical structure of paeonol.

dard curves made from purified recombinant IL-12p40 and
IL-12p70 at various dilutions.

Statistical analysis. Results are expressed as mean + SD.
Differences between groups were evaluated with Student's
t-test (for comparisons between two samples) or by a one-way
analysis of variance (ANOVA) (for comparisons of multiple
samples) using the SPSS 15.0 software (SPSS, Inc., Chicago,
IL, USA). A p-value <0.05 was considered to indicate a statis-
tically significant difference.

Results

Paeonol improves psoriatic lesions in a mouse model by
inhibiting proliferation and differentiation of keratinocytes.
We initially investigated the effect of paeonol (Fig. 1) on the
psoriatic mouse model induced by IMQ through morphological
observations and pathological slices. Typical erythema, scaling
and thickening were observed in the IMQ-induced skin lesions
as compared to the control group, while paeonol significantly
inhibited these pathological changes in a dose-dependent
manner (Fig. 2A and B).

Skin treated with IMQ demonstrated pathological changes
of the epidermal cuticle, including significant parakeratosis,
acanthosis and perivascular infiltration of inflammatory cells in
the upper dermis, a phenotype typical of human psoriatic skin.
Paeonol significantly reduced the thickness of the epidermis,
and attenuated IMQ-induced psoriasis (Fig. 2C and E).

PCNA is expressed in proliferative cells, especially basal
cells. Expression of PCNA was reduced in the skin lesions
of the paeonol-treated mice, suggesting that paeonol reduces
IMQ-induced proliferation of keratinocytes (Fig. 2D and F)
and effectively ameliorates IMQ-induced keratinocyte differ-
entiation.

Paeonol downregulates inflammatory infiltration especially
mature and activated DCs along with pro-inflammatory
cytokines in a mouse model of psoriasis. CD3 is mainly
expressed in T lymphocytes and appears as brown particles
after immunohistochemistry with the DAB chromogenic
agent. Infiltration of CD3* cells was observed in IMQ-induced
lesions but was reduced in the paeonol-treated mice. Fig. 3B
shows the expression of CD3* cells, not IL-23 mRNA in the
skin lesions, and it is the statistical data for Fig. 3A.
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Figure 2. Paeonol exerts improvement on imiquimod (IMQ)-induced psoriasis in mice. Psoriatis-like skin was observed in mice after one week following
topical application of IMQ, but not in the control animals (Con). Animals administered 100 (PH), 50 (PM) and 25 mg/kg paeonol (PL) or 1 mg/kg metho-
trexate (MTX) exhibited ameliorated symptoms (0.4 ml/day), while the mouse model fed with the same amount of saline did not. (A) Comparision of the back
skin in the different groups after IMQ exposure for a week. (B) Psoriasis Area Severity Index (PASI) score of skin lesions in the different groups including
scaling, thickness and erythema on a scale from O to 4 and the total score is indicated. (C) Phenotypical presentation and corresponding histological analyses
(H&E staining, x200) of mouse back skin and epidermal thickness, with obvious acanthosis, parakeratosis, pustules and desquamation in the model groups.
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Figure 2. Continued. (D) IHC staining (x200) for proliferating cell nuclear antigen (PCNA) (brown) in mouse back skin. (E) Epidermal thickness of each
group. (F) Statistical analysis of the number of PCNA* cells in the epidermis. Data are expressed as the mean + SD (n=6/experiment). ‘p<0.05 and “p<0.01

vs. mouse model.

The numbers of CD11c* DCs in the dorsal skin and spleens
of IMQ-induced mice were detected by immunofluorescence
assay (IFA), which showed a major increase in these cells in
the dorsal skin (Fig. 3C and D) as well as in the spleens, which
were markedly increased (Fig. 3E and F).

Compared with the control group, the mRNA expression
level of IL-23 was markedly increased in the IMQ-induced
psoriatic skins (Fig. 3G). As expected, expression in the group
treated with paeonol was significantly decreased.

Paeonol decreases MyD88 and TLRS proteins in a mouse
model of psoriasis. We further explored how paeonol inhibits
the TLR7/8 signaling pathway, and found lower protein
expression of MyD88 and TLR8 in skin lesions of the paeonol-
treated group as compared to these levels in the IMQ-induced
model (Fig. 4A and B).

Paeonol inhibits the maturation and activation of BMDCs.
We stimulated BMDCs with 1 ug/ml R848. Surface markers
of DCs including CD11lc, MHCII, CD80 and CD86 were
detected by flow cytometry. MHCII, CD80 and CD86 were
downregulated in the paeonol-treated mice (Fig. 5).

Paeonol decreases the expression of pro-inflammatory
cytokines secreted by mature BMDCs. The mRNA levels

of 1L-23, IL-12 and IL-1p were measured by RT-PCR
and related cytokines were assessed by ELISA. RT-PCR
showed that IL-23 was significantly suppressed, while IL-12
and IL-1p were enhanced after paconol treatment in a dose-
dependent manner, while cytokine levels were decreased by
paeonol (Fig. 6A and B).

Discussion

Psoriasis is a chronic autoimmune disease mediated by immune
cells and molecules, with persistent inflammation and hyper-
plasia (21). Suppression of T cell responsiveness by influencing
the phenotype and function of DCs, the most powerful APCs,
remains one of the most effective treatment approaches (22).
As bridges that link innate and adaptive immunity, activated
and mature DCs lead to the next phase of immune reactions
under physiological circumstances, removing pathogens from
the body (23). However, inappropriate activation and matura-
tion of DCs are closely related to the development of immune
disorders and multiple pro-inflammatory cytokines such as
IL-23, IL-12 and IL-1f in the psoriatic skin are secreted by
DCs (24). Symptoms could be relieved if signaling pathways
of DCs are inhibited.

TLRs play a central role in the recognition and response to
invading pathogens by immune cells, leading to the production
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Figure 3. Paeonol alleviates inflammatory cell infiltration in psoriasis-like lesions and spleens of psoriatic models and decreases mRNA expression of psori-
asis-related cytokines. (A) CD3* cells in imiquimod (IMQ)-induced mice with psoriasis (brown color, x200). (B) Description of CD3* statistical data. (C) IF

staining (x200) of CD11c* cells (green) in skin. ‘p<0.05 vs. the mouse model.

of pro-inflammatory cytokines and chemokines (25). The
TLR7/8, signaling pathway, which includes recruitment of
MyD88, could be an important target for treating psoriasis. The
role of MyD88 protein in the TLR7/8 signaling pathway has
been established (26,27). Blocking of the MyD88-dependent
signaling pathway aids in the treatment of psoriasis.

IMQ is a TLR7/8 agonist, and the IMQ-induced mouse
model is a classic model of psoriasis (28). Mice administered

paeonol showed lower scores for PASI, thinner epidermis
and decreased keratinocyte proliferation and differentiation,
which were positively correlated with the paeonol concentra-
tion (Fig. 2). We believe that paeonol can be potentially used
for treating psoriasis in a dose-dependent manner.

The role of the IL-23/Th17 axis in the development of
psoriasis is a current focus of research (29). However, we are
more interested in the upstream pathway. Research has shown
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model, and inhibits activation of the TLR7/8 signaling pathway. (A) The levels of MyD88 and TLR8 in paeonol-treated mice were assessed by western blot-
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that CDllc is regarded as the correct marker of myeloid mostly secreted by mature and activated DCs, is responsible
DCs (30) and the number of CDI1l1c* cells was lower in the  for the local inflammation of psoriatic skin, leading us to focus
spleens of the paeonol-treated mice (Fig. 3), consistent with  on DCs (31). Other studies have shown that pro-inflammatory
the data from the immunofluorescence assay of skin lesions  factors such as TNF-a, MCP-1, IL-1f and IL-6 were dose-
indicating that paeonol decreased the number of DCs. IL-23,  dependently reduced by paeonol treatment in vivo (32-35).
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Figure 5. Paeonol inhibits maturation and activation of bone marrow-derived dendritic cells (BMDCs). (A) Representative dot plots showing the percentage of
CDl11c* BMDCs (gate on the right). (B and C) Chart and bar graph showing the rates of BMDCs expressing MHCII stimulated by R848. (D and E) Chart and
bar graph showing the rates of BMDCs expressing CD80 stimulated by R848. (F and G) Chart and bar graph showing the rates of BMDCs expressing CD86
stimulated by R848. Data are expressed as the mean + SD (n=6/each group). ‘p<0.05 and “p<0.01 vs. the mouse model.

Results from skin lesions showed that expression of IL-23
mRNA decreased in a dose-dependent manner (Fig. 3G), as
previously reported. We further detected the expression of
MyD88 and TLR8 proteins (Fig. 4), which were significantly
reduced in the paeonol-treated group.

BMDCs were collected for further study concerning the
frequency and the phenotype of DCs. MHCII, CD80 and CD86
are all specific markers for mature DCs (36). BMDCs cultured
for 1 week were stimulated with R848, a TLRS8 agonist that
induces DC maturation for 24 h, and were then treated with
paeonol. The number of marker-positive cells following paeonol
therapy was significantly reduced as compared to the model
group (Fig. 5). Results from the in vitro experiments indicated
that paeonol improved the clinical symptoms of psoriasis by
suppressing the maturation and activation of DCs. CD80 and

CD86 are induced in an MyD88-dependent manner in the
TLR7 signaling pathway, and the IMQ-induced mouse model is
characterized by activated TLR7. Moreover, R848 used in our
in vitro experiment is a TLRS8 agonist. Meanwhile, expression
of MyD88 and TLR8 proteins was significantly reduced in the
paeonol-treated group. Thus, paconol plays a role in anti-inflam-
mation of psoriasis by inhibiting maturation and activation of
DCs through the TLR7/8 signaling pathway in DCs.

In order to validate the suppressive effects on inflammation
in BMDCs, we also detected the expression of 1L-23, IL-12
and IL-1p, cytokines that cause specific T cell responses (36).
Results from the BMDCs showed that expression of IL-23
mRNA decreased in a dose-dependent manner, consistent
with our results in the skin lesions (Fig. 6). Meanwhile, ELISA
for IL-12p40 in BMDCs indicated that the levels of IL-23
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Figure 6. Paeonol decreases the expression of pro-inflammatory cytokines secreted by mature dendritic cells (DCs). (A) RT-PCR for relative expression of
interleukin (IL)-23, IL-12 and IL-1 mRNAs in bone marrow-derived dendritic cells (BMDCs). (B) ELISA for IL-12p40 and IL-12p70 in BMDCs. Data are
expressed as the mean = SD (n=6/experiment). “p<0.05 and ““p<0.01 vs. the mouse model.

were decreased. IL-23, composed of two chains, the unique
p19 chain and the p40 chain shared with IL-12 is required
for T cells to produce IL-17. IL-12p40 represented IL-23 in
the ELISA kit we used. Conversely, IL-12 and IL-1f3 were
opposite of what we expected, which was in disagreement
with a previous study (37). Strangely, groups treated with
paeonol showed higher expression of IL-12 and IL-1f genes
than the model, which was dose-dependent. Perhaps, paconol
specifically acts on the TLR7/8 signaling pathway, a MyD88-
dependent pathway in DCs, and inhibits the maturation and
activation of DCs to reduce the secretion of IL-23. Also, we
suspect that the role of paeonol varies over time.

These findings imply that paconol may be used to treat
inflammatory and hyperplastic diseases. We explored a novel
strategy by which to treat psoriasis by decreasing MyD88,

a key TLR adaptor protein, blocking the TLR7/8-mediated
signaling pathway in DCs and contributing to the improve-
ment of IMQ-induced psoriasis in mice.

Recent research progress on the inhibitory activity of
paeonol on the inflammatory reaction is significant (38,39).
The mechanism by which paeonol decreases MyD88 and TLR
proteins, either by inducing degradation of these proteins or
blocking their synthesis, remains unknown. We will continue
to explore the precise mechanisms underlying the regulation
of DCs in psoriasis.
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