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Abstract
Inflammation and its subsequent endothelial dysfunction have been reported to play a pivotal role in the initiation and progression

of chronic vascular diseases. Inhibiting the attachment of monocytes to endothelium is a potential therapeutic strategy for vascular

diseases treatment. a-Melanocyte stimulating hormone is generated from a precursor hormone called proopiomelanocortin by

post-translational processing. However, whether a-melanocyte stimulating hormone plays a role in regulating endothelial inflam-

mation is still unknown. In this study, the effects of a-melanocyte stimulating hormone on endothelial inflammation in human

umbilical vein endothelial cell lines were investigated. And the result indicated that a-melanocyte stimulating hormone inhibits the

expression of endothelial adhesion molecules, including vascular adhesion molecule-1 and E-selectin, thereby attenuating the

adhesion of THP-1 cells to the surface of endothelial cells. Mechanistically, a-melanocyte stimulating hormone was found to inhibit

NF-kB transcriptional activity. Finally, we found that the effect of a-melanocyte stimulating hormone on endothelial inflammation is

dependent on its receptor melanocortin receptor 1.
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Introduction

Atherosclerosis, one of the most common vascular diseases,
involves a very complex pathological process with accumu-
lation of modified lipids, inflamed endothelial cells (ECs),
and leukocytes in the arteries.1 Inflammation and its subse-
quent endothelial dysfunction have been reported to play a
pivotal role in the initiation and progression of atheroscler-
osis.2 Increased circulating cytokines such as interleukin-1
beta (IL-1b) and tumor necrosis factor-alpha (TNF-a) are
also associated with such cardiovascular events. TNF-a
stimulates the expression of monocyte chemotactic pro-
tein-1 and adhesion molecules, including vascular adhesion
molecule-1 (VCAM-1), intercellular adhesion molecule-1
(ICAM-1), and E-selectin. These chemokines and adhesion
molecules play key roles in the firm adhesion of monocytes
to activated ECs.3,4 Inhibiting the attachment of monocytes
to endothelium is a potential therapeutic strategy for ath-
erosclerosis treatment.

a-Melanocyte stimulating hormone (a-MSH) is gener-
ated from a precursor hormone called proopiomelanocortin
by post-translational processing.5 Multiple lines of evidence
have shown that a-MSH has potent anti-inflammatory
effects when administered systemically or locally.6 a-MSH
and other melanocortins family members such as b-MSH,

c-MSH, and adrenocorticotropic hormone bind to melano-
cortin receptors (MC-Rs). MC-Rs belong to the superfamily
of G-protein-coupled receptors with seven transmembrane
domains and bind the melanocortin peptides with differen-
tial affinity.7 Studies have shown that the anti-inflammatory
effects of a-MSH in vitro are mediated mainly via engage-
ment of melanocortin receptor 1 (MC-1 R).8 Importantly,
a-MSH has been reported to suppress the production of
pro-inflammatory cytokines such as IL-1b, IL-6, and TNF-
a, as well as chemokines such as IL-8 and interferon c (IFN-
c) upon treatment with a-MSH.9 However, whether a-MSH
plays a role in regulating endothelial inflammation is still
unknown. In this study, the effects of a-MSH on endothelial
inflammation in human umbilical vein endothelial cell
(HUVEC) lines were investigated. It was found that
a-MSH inhibits the expression of endothelial adhesion mol-
ecules and attenuates the adhesion of THP-1 cells to the
surface of ECs.

Materials and methods
Cell culture

HUVECs from Lonza, USA were used in this study. Cells
were maintained in EBM-2 media with supplemental
growth factors according to the manufacturer’s instructions
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in an incubator with 5% CO2 at 37�C. Human monocytic
leukemia cell line THP-1 cells were purchased from the
ATCC, USA. Cells were maintained in RPMI 1640
medium supplemented with 10% heat inactivated fetal
bovine serum, antibiotic–antimycotic, and L-glutamine
(Life Technologies).

RNA isolation and real-time polymerase chain reaction

Total RNA from cultured cells was isolated using Qiazol
(Qiagen, USA) following the manufacturer’s instructions.
RNA (2 mg) was used as templates for reverse transcription
polymerase chain reaction (PCR) to synthesize cDNA. Then
real-time PCR was carried out by a StepOne Plus Real-time
PCR System using SYBR Green expression assays (Applied
Biosystems) in a 20-ml reaction volume. Gene expression
was normalized to glyceraldehyde 3-phosphate dehydro-
genase using the ��Ct method.

Adhesion assay

HUVECs were cultured with 10mg/mL TNF-a in the pres-
ence or absence of a-MSH for 6 h. After labelling with
0.2 mg/L calcein red AM for 30 min at 37�C, THP-1 cells
were seeded onto confluent HUVECs and incubated for
2 h at 37�C. Then co-cultured cells were washed with 1�
phosphate-buffered saline (PBS) containing 1% bovine
serum albumin. All imaging was performed using a Leica
video imaging system. Digital images were captured over
three regions in each well at 200�magnification. Four wells
were used in each group. One of the three regions was ran-
domly chosen from each group for statistical analysis.
Attached cells in each field were counted and normalized
to untreated group.

Immunocytochemistry

HUVECs were fixed with 4% paraformaldehyde for 10 min
at RT, followed by permeabilization with 0.1% Triton X-100
for 15 min on ice. Then cells were blocked with 5% normal
goat serum in PBS for 1 h at RT. After incubating with pri-
mary antibodies for 2 h at RT, cells were incubated with
Alexa-594-conjugated secondary antibodies for 1 h at RT.
After washing with PBS for three times, cells were mounted
with VECTASHIELD� Mounting Media containing DAPI
(40, 6-diamidino-2-phenylindole) (Vector labs, USA).
Signals were recorded using a deconvolution fluorescence
microscope system (BZ-8000, Keyence, Osaka, Japan).

Western blot analysis

HUVECs were lysed in cell lysis buffer (Cell signaling,
USA) supplemented with the complete protease inhibitor
and phosphatase inhibitor cocktail (Roche, USA).

Protein concentration was determined by a BCA Protein
Assay. The extracted protein was then subjected to 10%
sodium dodecyl sulfate polyacrylamide gel electrophoresis
(SDS–PAGE) and electrotransferred to Immobilon-P mem-
brane (Millipore, USA).10 After being blocked for 2 h in TBS
containing 5% non-fat dry milk and 0.5% Tween-20, mem-
branes were sequentially incubated with primary antibo-
dies for 3 h and horseradish peroxidase conjugated

secondary antibodies for 2 h at RT. Blots were developed
with Immunocruz (Santa Cruz Biotechnology).

Statistical analysis

All data are presented as means� SEM resulting from at
least three independent experiments. Statistical analysis
was performed using one-way variance analysis
(ANOVA) followed by Dunnett’s post hoc test. P< 0.05
was considered as a significant difference.

Results

The molecular structure of a-MSH is shown in Figure 1(a).
One of the objectives of this study was to investigate the
contributory roles of a-MSH in inhibiting endothelial
inflammation. To address this, we examined the effects of
a-MSH on TNF-a-induced monocytic attachment of THP-1
to ECs. HUVECs were stimulated with TNF-a for 6 h in the
presence or absence of 5mg/mL or 10 mg/mL a-MSH, and
then HUVEC monolayers were incubated with fluorescent
dye-labeled human monocytic cells (THP-1). As shown in
Figure 1(b), cell attachment induced by TNF-a was mark-
edly attenuated in the pretreatment of cells with a-MSH in a
dose dependent manner.

One of the earliest events in endothelial inflammation
induced by the pro-inflammatory cytokine TNF-a is the
expression of adhesion molecules on the cell surface. We
assessed the expression of VCAM-1, E-selectin, and
ICAM-1 at mRNA levels. As shown in Figure 2(a), treat-
ment of HUVECs with TNF-a strongly induced VCAM-1
and E-selectin at mRNA levels. In contrast, pretreatment
with a-MSH mitigated the induction of VCAM-1 and
E-selectin at mRNA levels. Importantly, Western blot results
indicated that a-MSH ameliorated the induction of VCAM-
1 and E-selectin at protein levels (Figure 2(b)).

NF-kB has been reported to play a pivotal role in the
activation of both the VCAM-1 and E-selectin promoters
in response to inflammatory stimuli.11 Then we examined
the inhibitory effect of a-MSH on NF-kB activation. First,
we assessed the effects of a-MSH on NF-kB transcriptional
activity by performing luciferase reporter assays. As shown
in Figure 3(a), TNF-a drastically induced NF-kB luciferase
activity in HUVECs transfected with NF-kB-Luc reporter
plasmid, which were markedly suppressed by a-MSH. In
addition, immunostaining results revealed that TNF-a-
induced p65 nuclear translocation was blocked by pretreat-
ment with a-MSH, thereby confirming the inhibition effect
of a-MSH in NF-kB activation (Figure 3(b)).

MC-1 R plays a pivotal role in regulating the anti-
inflammatory effects of a-MSH.

In order to determine whether or not the effect of a-MSH
on endothelial inflammation is dependent on MC-1 R, we
inhibited the expression of MC-1 R using MC-1 R siRNA.
Successful suppression of MC-1 R was confirmed by
Western blot analysis as shown in Figure 4(a) . The inhibi-
tory effect of a-MSH on the monocytic attachment to ECs is
abolished when HUVECs are transfected with MC-1 R
siRNA (Figure 4(b)). Most importantly, real-time PCR
result revealed that the inhibitory effect of a-MSH on the
induction of VCAM-1 and E-selectin is abolished by
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silencing the expression of MC-1 R (Figure 4(c)). Notably,
luciferase reporter assays revealed that the inhibitory
effect of a-MSH on the activation of NF-kB is abolished by
transfection with MC-1 R siRNA (Figure 4(d)).

Discussion

Recruitment of immune cells to the surface of the endothe-
lium plays a critical role in the pathological development of

vascular inflammatory diseases.12 This process is mediated

by the induction of endothelial adhesion molecules such as

VCAM-1 and E-selectin. In this study, we found that mono-

cyte adhesion to ECs caused by TNF-a is significantly atte-

nuated by pretreatment with a-MSH. Importantly, the

induction of VCAM-1 and E-selectin is prevented by pre-

treatment with a-MSH. Mechanistically, pretreatment with

a-MSH decreases the transcriptional activity of NF-kB.

Figure 1 a-MSH ameliorates the endothelial adhesion of THP-1 induced by TNF-a in HUVECs. (a) Molecular structure of a-MSH; (b) representative fluorescence

microscopic images of endothelial adhesion of THP-1 and quantitative data for corresponding images (*, P< 0.001 vs. non-treated control, n¼4; #, P<0.001 vs. TNF-

a-treated group). (A color version of this figure is available in the online journal.)
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In addition, we found that the protective effects of a-MSH
against endothelial inflammation are dependent on MC-1 R.
These findings suggest that a-MSH is a negative regulator
of vascular inflammation.

The anti-inflammatory effects of a-MSH in vitro have been
found in a variety of animal models. For example, a-MSH
has shown anti-inflammatory potential using animal
models of autoimmune uveitis as well as corneal injury.13

In addition, a-MSH has been reported to suppress the oxi-
dative stress induced by ultraviolet radiation in skin kera-
tinocytes and melanocytes via the MC1R-mediated cAMP-
PKA pathway.14 It is also notable that a-MSH exerts anti-
oxidative and anti-apoptotic effects in retinal vascular ECs
by inhibiting the transcription factor FoxO4.15

An important molecular mechanism underlying the anti-
inflammatory effects of a-MSH, such as modulation of

Figure 2 Effects of a-MSH on TNF-a-mediated induction of inflammatory adhesion molecules. (a) a-MSH inhibits the expression of VCAM-1 and E-selectin at mRNA

levels (*, P<0.01 vs. non-treated control, n¼4; #, P< 0.001 vs. TNF-a-treated group); (b) a-MSH inhibits the expression of VCAM-1 and E-selectin at protein levels (*,

P< 0.001 vs. non-treated control, n¼ 4; #, P< 0.001 vs. TNF-a-treated group)
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Figure 3 Inhibitory effects of a-MSH on NF-kB activation in endothelial cells. (a) NF-kB luciferase reporter assays (*, P< 0.001 vs. non-treated control, n¼ 4; #,

P<0.001 vs. TNF-a-treated group); (b) Effects of a-MSH on p65 nuclear translocation. The cells were immunostaining with anti-p65 antibodies. DAPI staining was used

as control of nuclear expression. (A color version of this figure is available in the online journal.)

Figure 4 The effects of a-MSH on inhibiting the endothelial adhesion of THP-1 are dependent on MC-1 R. (a) The expression of MC-1 R was knocked down using

small RNA interferences, and Western blot analysis confirmed the successful knockdown of MC-1 R (P<0.001 vs. non-specific [NS] group); (b) MC-1 R silencing

completely abolishes the inhibitory effects of a-MSH on endothelial adhesion of THP-1 (*, #, $, P<0.001 vs. the previous column group); (c) Real-time PCR and

quantification analysis reveals that MC-1 R silencing abolishes the effects of a-MSH on inhibiting the expression of VCAM-1 and E-selectin (*, #, $, P<0.001 vs. the

previous column group); (d) NF-kB luciferase reporter assays (*, #, $, P<0.001 vs. the previous column group)
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pro-inflammatory cytokine and adhesion molecule expres-
sion, appears to be the suppression of NF-kB activation.16,17

Under normal conditions, NF-kB exists in the cytoplasm as
a heterodimer of the p50 and p65 subunits. Activation of
NF-kB is controlled by a family of inhibitors referred to as
IkBa, which can retain the entire complex in cytoplasm.
Inflammatory cytokines are able to induce phosphorylation
and subsequent degradation of IkB, thereby leading to the
liberation of NF-kB heterodimers, which can then translo-
cate to the nucleus, bind specific DNA sequences, and affect
target gene expression. In this study, we found that pretreat-
ment with a-MSH prevents the nuclear translocation of NF-
kB, which is consistent with previous studies.

In addition to inhibiting the generation of pro-inflamma-
tory mediators such as TNF-a and IL-1b, a-MSH was also
found to induce IL-10, a cytokine with potent immunosup-
pressive activities, strongly suggesting that this cytokine
plays a key role in mediating the molecular anti-inflamma-
tory mechanisms of a-MSH.18,19 MC-1 R is an important
member of the five subtypes. Our data display that the
inhibitory effects of a-MSH on inflammation are dependent
on MC-1 R. Taken together, our findings suggest that MC-
1 R may help protect against endothelial dysfunction in vas-
cular diseases.
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