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The melanocortin 1 receptor (MC1R) inhibits the inflammatory
response in Raw 264.7 cells and atopic dermatitis (AD) mouse

model
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Abstract The alpha melanocyte stimulating hormone
receptor (MCI1R) is one of five G-protein coupled receptors
belonging to the melanocortin subfamily, MCIR gene has
been known to play a major role in regulating of fur color in
mammals, and «-MSH and ACTH are endogenous nonse-
lective agonists for MC1R. However, we found that MC1R
was highly expressed in Raw 264.7 cells which were
important inflammatory cells involved in the initiation of
inflammatory responses. In addition, Cyclic AMP is not
only a key molecule in the MCIR signal transduction
pathway, but dampen innate immune-mediated responses.
These intriguing biological results triggered the further
conformation studies; it suggested that MCIR was very
likely to be an important role in immunoregulation. In
this study, we were to investigate the immunosuppressive
effects of MCIR on inflammation in lipopolysaccharide
(LPS) stimulated Raw 264.7 cells and LPS induced
vivo 2-chloro-1,3,5-trinitrobenzene (TNCB)-induced atopic
dermatitis (AD) model. The effects of the MC1R antagonist
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psoralen on pro-inflammatory cytokines and signaling
pathways were analyzed by enzyme-linked immunosorbent
assay, western blot, real-time fluorescence quantitative
PCR and Histological analysis. Our results show a con-
sistent and marked effect of high concentrations of MC1R
antagonist psoralen increased the level of MC1R mRNA in
Raw 264.7 cells by cumulative feedback regulation through
preferential binding of MCI1R. Moreover, as evidenced by
inhibiting the LPS-induced TNF-o, IL-6 and enhancing the
expression level of cyclic AMP protein in vitro. In vivo
study it was also observed that psoralen promoted on his-
topathologic changes in the skin tissue of TNCB-induced
AD mice. Taken together, our results suggest that MC1R
decrease the inflammation in vitro and vivo, and might be a
therapeutic signaling pathway to against inflammatory
diseases.

Keywords MCIR - Cytokines - Inflammation action -
Psoralen - Atopic dermatitis

Introduction

Atopic dermatitis (AD) is characterized by severe pruritic,
chronic, relapsing inflammatory skin disease with a wide
spectrum of clinical manifestations [1]. Serious AD can
lead to skin allergy syndrome, immunological abnormali-
ties, skin susceptible to certain cutaneous bacterial, fungal
and viral infections [2, 3]. Recently, a small number of
studies have shown that alveolar macrophage have a ther-
apeutic effect on AD [4, 5]. The primary function of mac-
rophages is phagocytosis and presentation functions by
secreting various pro-inflammatory mediators such as
tumor necrosis factor alpha (TNF-o), interleukin-6 (IL-6)
[6, 7]. This different set of macrophage functions is decided
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by what type of receptor is activated on the macrophage and
the cytokine milieu in which the macrophage exists [8].

The melanocortin system has attracted much attention in
recent years as a result of its involvement in a large number
of important physiological functions, such as regulating of
fur color, modulation of aggressive/defensive behavior and
mediation of pain. The melanocortin receptor (MCR) sub-
type family is a member of the GPCR superfamily and each
of them has a different biological profile regarding the
relative potency of the endogenous and synthetic melano-
cortin peptides. «-MSH and ACTH are endogenous non-
selective agonists for MC1R, MC3R, MC4R and MC5R
[9]. Melanocortin-1 receptor (MCIR) is composed of a
single polypeptide featuring seven o-helical transmembrane
domains (TMs), an extracellular N-terminus, three extra-
cellular loops, three intracellular loops and an intracellular
C-terminus. The major ligand of MCIR is a-melanocyte
stimulating hormone (¢-MSH) [10], and this is the primary
signaling pathway of melanin pigmentation in mammals
[11]. Liganded MCIR when occupied by a-MSH, activates
adenosine cyclase, induces cyclic AMP production, and
promotes eumelanin synthesis by activating the expression
of tyrosinase. In addition, a-MSH when bound by MCIR
activates the proliferation of melanocytes [12], so this sig-
naling pathway plays an important role in pigmentation.

To date, The gene encoding MCIR have been described
locating on the 3'-telomeric end of chromosome 16 in a
locus that has a high density of genes, and MCIR acts
between UVR stressed keratinocytes located in the stratum
spinosum and the production and subsequent transfer of
protective melanin from melanocytes [13]. MCIR have
classically been considered to have a role in the skin pig-
mentation [14] and proliferation, melanogenesis and cell-
cycle control [15]. Comparatively little attention has been
given to the protection of MCIR on inflammation. Nev-
ertheless, it has been reported that MC1R antagonist ACTH
plays an important physiological role in stimulating fetal
immune response which will be important for the study of
cancer recently [16]. To further investigate whether MC1R
could be a new therapy pathway that inhibits the inflam-
matory response, we analyzed the effects of the MCIR
traditional antagonist psoralen on pro-inflammatory cyto-
kines and signaling pathways in LPS-stimulated RAW
264.7 cells at different time. Psoralen, effective ingredient
of a traditional Chinese medicine, has been isolated from
psoralea linn, Malay tea Scurfpea Fruit, Psoralea tenuiflora
and Fruit of Malay tea Scurfpea, and its molecular formula
is C;1HgO3. Psoralen was beneficial as a home remedy of
vitiligo, the best therapeutic concentration of psoralen is
2.5-7.5 pg/mL, and the onset time in the body is 17 h. The
intriguing biological result was that psoralen could obvi-
ously inhibit the a-MSH which was an agonist of MCIR to
82.23 % [17].
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LPS stimulation activates mitogen-activated protein
kinases (MAPKSs) [18]. Increasing amount of evidence has
demonstrated that LPS can trigger the most potent micro-
bial initiators of inflammatory responses by activating
numerous inflammatory cells [19, 20]. Macrophages are
important inflammatory cells involved in the initiation of
inflammatory responses, and play critical roles in the
development of inflammation by secreting various pro-
inflammatory mediators including tumor necrosis factor
alpha (TNF-2), interleukin-6 (IL-6), TNF-«, IL-6 contrib-
ute to the pathogenesis of many inflammatory diseases
[21-23].

In this study, we induced AD-like skin lesions in BALB/
¢ mice by repeatedly applying TNCB and analysed the
histological changes in clinical skin. Putative anti-inflam-
matory mechanism of MCIR on LPS-stimulated RAW
264.7 macrophages was elucidated by analyzing the level
of MC1R mRNA and cyclic AMP protein, and total serum
expressions levels of TNF-a and IL-6. In addition, in vivo
anti-inflammatory effects of MCIR were further investi-
gated in a mouse model of TNCB-induced AD.

Materials and methods
Chemicals and reagents

Psoralen was purchased from the National Institute for the
Control of Pharmaceutical and Biological Products (Jilin,
China). Dimethyl sulfoxide (DMSO), LPS (Escherichia
coli 055:B5), 3-(4,5-dimethylthiazol-2-y1)-2,5-diphenyl-
tetrazolium bromide (MTT) and TNCB were purchased
from Sigma Chemical Co. (St. Louis, MO, USA). Dul-
becco’s modified Eagle’s medium (DMEM), Fetal bovine
serum (FBS), penicillin and streptomycin were obtained
from Invitrogen-Gibco (Grand Island, NY). Mouse TNF—a,
IL-6 enzyme-linked immunosorbent assay (ELISA) kits
was purchased from Biolegend (CA, USA). Mouse
monoclonal cyclic AMP antibody HRP-conjugated goat-
mouse antibodies were provided by GE Healthcare (Bio-
world Technology, USA). All other chemicals were of
reagent grade.

Animals

Two-week-old BALB/c mice were purchased from the
Center of Experimental Animals of Baiqiuen Medical
College of Jilin University (Jilin, China). The mice were
housed in microisolator cages and received food and water
ad libitum. The laboratory temperature was 24 + 1 °C, and
a humidity of 50 £ 10 %, under a 12/12 h light/dark cycle.
Mice were housed for 2-3 days to adapt the environment
before experimentation. All animal experiments were
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performed in accordance with the guide for the Care and
Use of Laboratory Animals published by the US National
Institutes of Health.

Cell culture and treatment

The RAW 264.7 mouse macrophage cell line was pur-
chased from the China Cell Line Bank (Beijing, China) and
was maintained in DMEM supplemented with 10 % heat-
inactivated fetal bovine serum, 3 mM Glutamine, antibi-
otics (100 U/mL penicillin and 100 U/mL streptomycin) at
37 °C under a humidified atmosphere of 5 % CO, Cells at
passages 10-20 were used for the experiments. In all
experiments, macrophages were incubated in the presence
or absence of various concentrations of psoralen, which
were always added 1 h prior to LPS (1 pg/mL) treatment.

Cell viability assay

Cell viability was evaluated by MTT assay. Briefly,
150 uL cells were plated at a density of 4 x 10° cells/mL
in 96-well plates in a 37 °C, 5 % CO, incubator for 1 h.
Then the cells were treated with 50 pL. of psoralen of
different concentrations (0—10 pg/mL) for 1 h. The total
volume of each well was 200 pL, and the concentrations of
psoralen were four times diluted finally. After 17 h of
psoralen stimulation, 20 uL. MTT (5 mg/mL) was added to
each well, and the cells were further incubated for an
additional 4 h. The supernatant was removed and the for-
mation of formazan was resolved with 150 pL/well of
DMSO. The optical density was measured at 570 nm on a
microplate reader (TECAN, Austria).

Analysis of expression level of MCIR mRNA
by QRT-PCR

Synthesis of QRT-PCR primer of MCIR

The sequence information of MCIR and glyeraldehyde-3-
phosphate dehydrogenase was obtained from GenBank
(GAPDH, XM-001725661.1). Primers were designed using
primer 5.0 and synthesized by AuGCT Biotechnology Co
(Table 1).

RNA extraction and real-time quantitative reverse
transcription-PCR

Psoralen solubilized with DMSO was diluted with DMEM
prior to treatment. RAW 264.7 cells were plated onto
6-well plates (10° cells/well), and incubated in the pres-
ence of either LPS alone 1 pg/mL and psoralen alone
2.5 pg/mL, or LPS plus psoralen 2.5, 5 and 7.5 pg/mL for
19 h.

Table 1 Sequence of primers of the target and house-keeping genes

Gene Sequences of primer (5'-3') Temp.
°C)
MCIR F: 5-GGACGATGCCTGCACTTGGCTCCC-3" 60
R: 5-TGCCACCCTCACCAGGAGCACTGC-3
GAPDH F:5-TGTTGCCATCAATGACCCCTT-3 60

R:5'-CTCCACGACGTACTCAGCG-3'

Total RNA was extracted from differentiated RAW264.7
using TRIzol reagent (Invitrogen) according to the manu-
facturer’s protocol. For real-time quantitative reverse
transcription (RT)-PCR, total RNA was reversely tran-
scribed using an ImProm-II RT system (Promega)
according to the manufacturer’s instructions. For detection
and quantification, a MyiQ real-time PCR detection system
(Bio-Rad) was used. PCRs were performed using a SYBR
Premix Ex Taq II (Takara, Seoul, Republic of Korea).
PCRs were carried out in a final volume of 20 mL using
0.5 mM of each primer, cDNA, and 10 mL of the supplied
enzyme mixture containing the DNA double-strand-spe-
cific SYBR Green I dye for detection of PCR products.
PCRs were performed with a 3 min preincubation at 95 °C
followed by 40 cycles of 10 s at 95 °C and 30 s at 60 °C.
PCR products were verified by melting curve analysis,
agarose gel electrophoresis, and DNA sequencing. The
standard curve was exported from The MyiQ real-time
PCR detection system (Bio-Rad). The difference in co-
efficiencies was less than 0.1, indicating similar amplifi-
cation efficiencies of the two cDNAs. The relative amount
of mRNA to Gapdh RNA was described using the equa-
tion 27T where ACT = (CT mRNA-CT Gapdh) [24].

Western blotting analysis

To obtain total proteins, murine macrophage RAW 264.7
cells were plated onto 6-well plates and incubated for 24 h,
then pretreated with psoralen incubating in the presence of
LPS 1 pg/mL/psoralen 2.5 pg/mL, or LPS plus psoralen
2.5, 5 and 7.5 pg/mL for 1 h. After LPS (1 pg/ml) stimu-
lation for 30 min, cells were collected and washed twice
with cold PBS. The cells were lysed in lysis buffer con-
taining 50 mM Tris (pH 7.6), 150 mM NaCl, 5 mM EDTA
(pH 8.0), 0.6 % NP-40, 1 mM Na3VO4, 20 mM f-glyc-
erophosphate, 1 mM phenylmethylsulfonyl fluoride, 2 mM
p-nitrophenyl phosphate, and 1:25 Complete Mini Protease
Inhibitor cocktail (Boehringer, Mannheim, Germany) and
maintained on ice for 30 min. The cell lysates were washed
via dilution and centrifugal concentration. Total protein of
RAW 264.7 cells was extracted by Thermo Scientific
M-PER Mammalian Protein Extraction Reagent. The
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protein concentrations were determined using a BCA™
protein assay kit. Aliquots of the lysates were separated on
10 % SDS-polyacrylamide gel and transferred onto a
polyvinylidene fluoride (PVDF) membrane (BIO-RAD)
with a glycine transfer buffer [192 mM glycine, 25 mM
Tris—HCI (pH 8.8), 20 % methanol (v/v)]. After blocking
the nonspecific site with blocking solution (5 % (wt/v)
nonfat dry milk), the membrane was incubated overnight
with specific primary antibody at 4 °C. The membrane was
then incubated for an additional 60 min with a peroxidase-
conjugated secondary antibody at room temperature. The
immuno active proteins were detected using an enhanced
chemiluminescence (ECL) Western blotting detection kit
[25].

Measurement of pro-inflammatory cytokines (TNF-u«
and IL-6) production

Psoralen solubilized with DMSO was diluted with DMEM
prior to treatment. RAW 264.7 cells were plated onto
24-well plates (10° cells/well), dividing into six groups:
control, LPS, psoralen and LPS + psoralen (2.5, 5 and
7.5 pg/mL), and incubated for 17, 18, 19 and 20 h. Cell-
free supernatants were subsequently employed in pro-
inflammatory cytokine assays using a mouse enzyme-
linked immunosorbent assay (ELISA) kit (R&D Systems),
following protocol of the manufacturer (BioLegend, Inc,
Camino Santa Fe, Suite E, San Diego, CA, USA).

Histological analysis

Mice were randomly classified into five groups: Control,
TNCB 20 pL. (3 pg/mL) and TNCB 20 pL (3 pg/
mL) + psoralen 10 pL (2.5, 5 and 7.5 pg/mL). TNCB
was daubed on the back of ears, neck of the BALB/c
mice for 7 days, after that, and psoralen played a part
in vivo for the next 7 days by intraperitoneal injection.
Mice were sacrificed on day 14 after the first challenge;
skin of ears and neck was removed for histological
examination. Tissue samples were fixed with 10 % buf-
fered formalin (pH 7.2), embedded in paraffin, sectioned
at 4 pym. After hematoxylin and eosin (H&E) staining,
pathological changes of tissue samples were observed
under a light microscope.

Statistical analysis

Data are presented as mean £ SD. Comparison between
groups was made with one-way analysis of variance
(ANOVA; Dunnett’s ¢ test) and Student’s ¢ test. P-values of
0.05 or less were considered statistically significant.
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Results
Effects of psoralen on cell viability

The potential cytotoxicity of psoralen was evaluated by
MTT assay after incubating cells for 19 h in the absence or
presence of LPS. The result showed that cell viabilities
were not affected by psoralen at the concentrations used
(2.5,5,7.5 pg/mL) (Fig. 1) Thus, the effects of psoralen on
RAW cells did not attribute to cytotoxic effects.

Analysis of expression level of MCIR mRNA
by QRT-PCR

Standard curves of MCIR and the housekeeping gene
(GAPDH) were constructed. The slopes of standard curve
of MCI1R and GAPDH were 3.357 and 3.213 respectively
and R? were 0.997 and 0.998 respectively. The slope dif-
ference value <0.1 so amplification efficiencies wee iden-
tical for two genes. The data could be analyzed using AACt
method [24]. The melting curve of MC1R and GAPDH are
shown in (Fig. 2a). The two genes appeared with only one
peak at 86 °C (Fig. 2b) respectively, no nonspecific pro-
duction or primer-dimer complication; all fluorescence
resulted from specific amplification (Fig. 2c).

Real-time RT-PCR results of MCIR mRNA in Raw
264.7 cells with different group are shown in Fig. 3. In pre-
treatment group of psoralen (2.50 pg/mL), the mRNA
expression of MCIR was higher than control group by
AACt (>3.21-fold, P < 0.01). In pre-treatment group of
LPS (1 pg/mL), the mRNA expression of MCIR was
higher than control group by AACt (>2.59-fold, P < 0.01).
In pre-treatment group of psoralen (5 pg/mL), the mRNA
expression of MCIR was higher than control group by
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Fig. 1 Effects of psoralen on the viability of RAW 264.7 cells. Cells
were cultured with psoralen (0-7.5 pg/mL) for 24 h. Cell viability
was assessed by MTT reduction assays. Data are presented as
mean £+ SEM of three independent experiments
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Fig. 2 Dissociation curve of MCIR and GAPDH. a The melt peak of MC1R and GAPDH in control group. b The melt curve of MC1R and

GAPDH in control group. ¢ The amplification of MCIR and GAPDH

AACt (>4.11-fold, P < 0.01). In pre-treatment group of
psoralen (7.50 pg/mL), the mRNA expression of MCIR
was higher than control group by AACt (>6.64-fold,
P < 0.01), in addition, higher than the group of psoralen
(2.5 pg/mL) by AACt (>2.06, P > 0.01) (Fig. 3).

Western blot analysis of cyclic AMP protein expression

Cyclic AMP is not only a key molecule in the MCIR
signal transduction pathway, but dampens innate immune-
mediated responses. To further prove the inhibition of
inflammatory response by MCIR, the LPS-induced phos-
phorylation of cyclic AMP was examined by Western blot
in RAW 264.7 cells pretreated with psoralen before LPS
stimulation. As shown in (Fig. 4), following the increasing

concentrations, the phosphorylation of cyclic AMP was
increased significantly.

Effects of psoralen on the production
of pro-inflammatory cytokines in LPS-stimulated
RAW 264.7 cells

TNF-«, IL-6 may result in clinical syndrome of AD,
including skin allergy syndrome, immunological abnor-
malities [1]. The levels of TNF-«, IL-6 in the culture
supernatants were measured using ELISA kits. Treatment
of RAW 264.7 cells with LPS alone resulted in significant
increase in cytokine production compared to those of LPS
groups and control groups (Figs. 5, 6). The levels of TNF-a
and IL-6 in the supernatants of LPS stimulated cells
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Fig. 3 RAW 264.7 cells were incubated with various concentrations
of psoralen. After 19 h, the cells were harvested, and various groups
including Control, LPS, psoralen and LPS + psoralen (2.5, 5 and
7.5 pg/mL) mRNA levels were analyzed with real-time quantitative
RT-PCR using Gapdh as a reference. Values represent the means
GS = D of triplicate samples. *P < 0.05; P < 0.01 indicates
significant differences from the unstimulated control groups.
*P < 0.05, **P < 0.01 versus LPS. Each experiment was performed
independently at least three times

e w— D - G @b &b

B-Actin

w
|

N

Relative ratio of cAVP/ Actin
g re

I
L

A #

",

Fig. 4 Effect of psoralen on LPS-induced phosphorylation of cyclic
AMP. The cells were stimulated with or without LPS (1 mg/L) for
30 min. Protein samples were analyzed by Western blot with
phospho-specific antibodies. The data are rep-resentative of three
independent experiments and expressed as mean & SEM of three
independent experiments. *P < 0.05; **P < 0.01 indicates signifi-
cant differences from the LPS groups, *P < 0.05 vs control group,
##p < 0.01 vs control group
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pretreated with 2.5, 5, 7.5 pg/mL psoralen at 20 h were
gradually reduced compared to LPS (P < 0.05) group in a
dose-dependent manner. The level of TNF-o and IL-6
secreted into the culture medium of RAW 264.7 cells
increased steadily after LPS and psoralen addition, and
peaked at 19 h has determined by TNF-o and IL-6 ELISA
(Figs. 5, 6).

Effects of psoralen on histopathological changes
in the skin tissue of TNCB-induced AD mice

Mice in TNCB group proved AD-like skin lesions, such as
depilation, erythema, hemorrhage, excoriation, scaling and
dryness (Fig. 7b). In histopathological assessment of skin
sections of mice in control group, intact structure and clear
subcutaneous microvascular were observed (Fig. 8a).
TNCB application produced marked epidermal thickening
and angiectasis (Fig. 8bl, b2). As we expected, the group
of psoralen 7.5 pg/mL promoted the progression of AD-
like skin symptoms in clinical performance more than the
group of psoralen 2.5 pg/mL and the group of psoralen
5 pg/mL (Fig. 7c, d, e). Furthermore, the severe symptoms
of mast cell infiltration, hemorrhage and degranulation in
the dermis were result in the group of psoralen 7.5 pg/ML
(Fig. 8el, e2).

Discussion

This study was to evaluate whether MCIR exerts anti-
inflammatory effects in LPS-stimulated RAW 264.7 cells
and analysis of expression level of MCIR mRNA and
cyclic AMP protein with different concentration of MC1R
antagonist psoralen to encourage them in vitro. As evi-
dence, in vivo study it was also observed that psoralen
promoted on histopathologic changes in the skin tissue of
TNCB-induced AD mice. The collective results of this
investigation demonstrate that MC1R antagonist psoralen
increased the level of MC1R mRNA and the cyclic AMP
protein by cumulative feedback regulation, leading to
decrease of the LPS-induced TNF-« and IL-6 production in
Raw 264.7. Beyond that, the psoralen further promoted the
progression of AD-like skin symptoms in clinical perfor-
mance in vivo.

Various pro-inflammatory mediators which are secreted
by inflammatory cells play a central role in inflammation
through stimulating of angiogenesis and cell migration.
TNF-¢;, mainly produced by monocaryon/macrophages,
can elicit the inflammatory cascade and cause damage to
the vascular endothelial cells. TNF-o can also induce
alveolar epithelial cells to produce other cellular factors
and chemotactic, such as IL-6 [26]. IL-6 is one of the most
common inflammatory cytokines [27]. Circulating levels of
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Fig. 5 RAW 264.7 cells were 450
stimulated with psoralen (2.5, 5, ~
7.5 ug/mL), and LPS (1 mg/ 2 400 1
mL) for 17, 18, 19 and 20 h. E 350 | X
The supernatants were D X
collected, TNF-o concentrations \E'/ 300
were determined by ELISA. - H
Values represent the means g 20 1
GS =+ D of triplicate samples. = 9200} 1 iy
# #it .. o :
P < 0.05; ™P < 0.01 indicates = (-1
significant differences from the © 1507 i b
unstimulated control groups at b | H g;{: H {
the same time. *P < 0.05, E 100 i Y ipf
*#*P < (0.01 versus LPS, Each 50 | P F : :';j\ Y
experiment was performed : % o
independently at least three 0
times Psoralen 2.5 s (n L?S (u :
Control g/nl) LPS (1 ug/mL) |g/mL)+Psoralen(2|g/mL)y+Psoralen ( [2/mL)*Psoralen(7
Spg/ml) S pgml) S pg/mL)
B17h 6.2314 19.2651 62592 150432 1502682 103.3601
B1sh 230823 21712 1470773 149.01M1 117.0491 925307
B1%h 63.5099 26.3869 362.8871 3529311 3103712 2714622
B20h 43.5825 13.2807 357441 263.58%4 169.9604 2064775
Fig. 6 RAW 264.7 cells were 90 r
stimulated with psoralen (2.5, 5,
7.5 pg/mL), and LPS(1 mg/mL) ~ 80 r
for 17, 18, 19 and 20 h. The = .
supernatants were collected; IL- E 0r
6 concentrations were e |
determined by ELISA. Values :—, 60
represent the means GS & D of 50 -
triplicate samples. *P < 0.05; g v
#Pp < 0.01 indicates significant ] 0F ]
differences from the - by ]
unstimulated control groups at 2 30r :::: :::
the same time. *P < 0.05, O :::: :::
#+P < 0.01 versus LPS. Each N 20F o o
experiment was performed — :::: :::
independently at least three 101 % ]
times 0 :::: HHH :::
. LPS(
Psoralen (2.5
Contro! al) LPS(1ugml) |pgml)+Psoralen( | pg'mL)+Psoralen | ug/mL)+Psoralen(
i spgal) | (Spgal) | 7Spgml)
BlTh| 204298 18.2621 39.6989 314092 11.0087 104438
@18  42.7905 40.2836 46.0983 40.0516 30.4162 21.8381
B1%|  46.6208 41.6269 75.0137 34.1761 33.3934 21.1966
aXa| 35387 183767 717912 43.4806 414914 18.8264

IL-6 have been shown to be excellent predictors of the
severity of AD of different etiologies, such as sepsis and
acute pancreatitis [28, 29]. Our results indicated that
psoralen inhibited TNF-a, IL-6 productions (P < 0.01) in
LPS-stimulated RAW 264.7 cells in a dose-dependent
manner (Figs. 5, 6).

MCIR is a G-protein-coupled receptor located in the
surface of melanocytes, encoded by the MCIR gene in the

extension locus [30]. It plays an important role in regulating
black eumelanin and red pheomelanin synthesis in mam-
mals [31]. MCIR has been studied in many species, and
several loss of function or receptor-activating poly-mor-
phisms have been described [32]. The binding of a-MSH to
MCIR receptors triggers multiple signal transduction cas-
cades, primarily dependent on elevated intracellular cyclic
AMP which dampen innate immune-mediated responses
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Fig. 7 Photographs of the
clinical features of BALB/c
mice in a the naive control
group b TNCB 20 pL

(3 pg/mL) control. ¢ TNCB
20 pL (3 pg/mL) + psoralen
10 pL (2.5 pg/mL). d TNCB 20
pL (3 pg/mL) 4 psoralen

10 pL (5 pg/mL). e TNCB
20 pL (3 pg/mL) + psoralen
10 pL (7.5 pg/mL). (n = 3
BALB/c mice per group)

Fig. 8 Histological changes in the skin (x200). Skin (n = 3)
sections (4 pm) were obtained from al the control group of ears.
a2 the control group of ears. bl TNCB 20 pL (3 pg/mL) control
group of neck. b2 TNCB 20 pL (3 pg/mL) control group of ears. ¢l
TNCB 20 pL (3 pg/mL) + psoralen 10 pL (2.5 pg/mL) group of
neck. ¢2 TNCB 20 pL (3 pg/mL) + psoralen 10 pL (2.5 pg/mL)
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group of ears. d1 TNCB 20 pL (3 pg/mL) + psoralen 10 pL (5 pg/
mL) group of neck. d2 TNCB 20 puL (3 pg/mL) + psoralen 10 pL
(5 pg/mL) group of ears. el TNCB 20 pL (3 pg/mL) + psoralen
10 uL (7.5 pg/mL) group of neck. €2 TNCB 20 pL (3 pg/
mL) + psoralen 10 pL (7.5 pg/mL) group of ears
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[33] resulting in the activation of a large number of genes
[34], which together regulate several aspects of melanocyte
biology such as pro-liferation, melanogenesis [35, 36] and
cell-cycle control [37-39]. To further characterize the nat-
ure of the inhibitory effect of psoralen on cytokine pro-
duction, we examined the level of MCIR mRNA and the
effect of psoralen on the activation of cyclic AMP. As we
expected, the level of MC1R mRNA and cyclic AMP pro-
tein was increased significantly with stimulating of LPS
(Figs. 3, 4). Furthermore, following the increasing con-
centrations of psoralen, the level of MCIR mRNA and
cyclic AMP protein was gradually increased in Raw 264.7
cells (P < 0.01). This finding makes it very likely that the
competitive binding of psoralen to MCIR receptors triggers
multiple signal transduction cascades, increasing intracel-
lular cyclic AMP which could cause up-regulation of TNF-
o and IL-6 secretion. By cumulative feedback regulation,
the level of MC1R mRNA in Raw 264.7 cells increased.

Another finding in this study was that we induced AD-
like skin lesions in BALB/c mice by repeatedly applying
TNCB, after that, psoralen played a part in vivo for the next
by intraperitoneal injection. We examined effects of psor-
alen on histopathological changes in the skin tissue of
TNCB-induced AD mice. The same result was that psoralen
promoted the progression of AD-like skin symptoms in the
clinical performance, such as depilation, erythema, hem-
orrhage, excoriation, scaling and dryness. It can be specu-
lated that the activity of MCIR signalling pathways to
against the inflammatory response was induced by psoralen.

In conclusion, the data from in vitro assay and murine
model of AD demonstrated that the MCIR antagonist
psoralen increased the level of MCIR mRNA and the
cyclic AMP protein in Raw 264.7 cells by cumulative
feedback regulation. Meanwhile, it markedly promoted the
LPS-induced TNF-a, IL-6 in vitro. Furthermore, in vivo
study it was also observed that psoralen promoted on his-
topathologic changes in the skin tissue of TNCB-induced
AD mice. Our current study provides MC1R is an effective
target point of inhibiting the inflammatory response, further
studies are warranted to investigate MC1R. However, the
detailed mechanism of anti-inflammatory activities of
MCIR is unclear, further studies are warranted to investi-
gate the clinical usefulness of MCIR.
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