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Abstract. Angiotensin II (AngII) is a hormone with long-estab-
lished cardiovascular actions. Previous studies have revealed 
an additional role for AngII in the regulation of cutaneous 
wound healing. To evaluate the association between AngII 
and abnormal pigmentation of cutaneous wound healing, 
the present study used human melanocytes to investigate 
the effects of AngII on melanogenesis, and to elucidate the 
possible underlying mechanisms. Primary culture melanocytes 
were treated with AngII either alone or in combination with an 
AngII type 1 (AT1) receptor antagonist, losartan (LOS). The 
melanin content and tyrosinase activity were measured and 
reverse transcription-quantitative polymerase chain reaction 
(RT-qPCR) and western blotting were performed to assess 
the proteins involved in melanogenesis and the AT1 receptor. 
AngII regulated the mRNA expression of AT1 in the melano-
cytes. The melanin content and tyrosinase activity increased in 
response to treatment with AngII in a concentration-dependent 
manner. RT-qPCR and western blotting revealed that the AT1 
receptor antagonist, LOS, eliminated this effect. These results 
provide a novel insight into the role of AngII and its associated 
signaling in melanogenesis.

Introduction

Abnormally pigmented scars are an undesirable consequence 
of cutaneous wound healing and are a complication for which 
every individual worldwide is at risk. Abnormal pigmentation 
renders scars more noticeable, which can have serious and 
profound psychological implications (1,2).

The production of pigment is complex and controlled by 
several extrinsic and intrinsic factors, and scar repigmenta-
tion patterns cannot be predicted. As there are currently no 

definitive treatment options available, this presents a challenge 
to physicians. Therefore, the identification of key molecules, 
which modulate the mechanism of abnormal pigmentation is 
of significant interest.

Previous studies have demonstrated that angiotensin II 
(AngII) may be involved in all stages of wound healing (3), 
including inflammatory cell invasion, cell proliferation, cell 
migration, neovascularization and fibrosis (4). AngII has been 
observed to increase vascular permeability, recruit inflamma-
tory cells (5,6), and promote keratinocyte proliferation (4,7,8) 
and dermal wound closure (9).

Steckelings et al first described the expression and putative 
role of AngII in human skin (10), and the regulation of kerati-
nocyte, dermal myofibroblast, and endothelial cell proliferation 
have also been reported (9,11). Steckelings et al (10) reported 
that human skin expresses AngII type 1 (AT1) receptors and 
type 2 (AT2) receptors, which were suggested to be involved 
in skin wound healing (3). Steckelings et al (12) later demon-
strated that the expression levels of the AT1 and AT2 receptors 
was markedly increased within the epidermal and dermal areas 
of scars. In addition, Otake et al reported that inhibition of the 
AT1 receptor limited murine melanoma growth by reducing 
tumor volume and microvessel density, demonstrating the 
importance of AT1 receptors in melanoma growth (13). A 
previous study also investigated the mRNA expression of AT1, 
but not AT2, in cultured primary melanocytes (10).

Although several functional roles of AngII have been 
suggested, whether AngII induces abnormal pigmentation 
by regulating the melanocyte system during wound healing 
remains to be elucidated. In the present study, the functional 
role of AngII in human melanocytes was investigated, and 
alterations in human melanocytes were characterized.

Materials and methods

Compounds and drugs. Rabbit polyclonal anti-AT1 anti-
bodies (sc-1173), mouse polyclonal anti-tyrosinase antibodies 
(sc-20035) and horseradish peroxidase-linked goat anti-rabbit 
(sc-2004) or goat anti-mouse (sc-2005) antibodies were 
purchased from Santa Cruz Biotechnology, Inc. (Santa 
Cruz, CA, USA). A protein quantification kit and agarose 
were purchased from Bio-Rad Laboratories, Inc. (Hercules, 
CA, USA). Polymerase chain reaction (PCR) Master Mix 
was purchased from Promega (Madison, WI, USA). The 
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commercial sources of other products were as follows: 
Gentamicin, phosphate-buffered saline (PBS), M254 medium 
and human melanocyte growth supplements were from 
Cascade Biologics (Mansfield, UK); fetal bovine serum 
(FBS) and RNeasy mini kit were from Qiagen (Valencia, 
CA, USA); AngII, the AT1 receptor antagonist, losartan 
(LOS), ethidium bromide, NaCl, KH2PO4, CaCl2, MgSO4, 
L-3,4-dihydroxyphenylalanine (L-DOPA), glucose, bovine 
serum albumin, EDTA, glycine, sodium dodecyl sulfate (SDS) 
and Tris were from Sigma-Aldrich (St. Louis, MO, USA).

Melanocyte culture. Normal melanocytes were isolated 
from the epidermis of human foreskins obtained from the 
Department of Urology (General Hospital of Beijing Military 
of PLA, Beijing, China). The present study was approved 
by the ethics committee of the General Hospital of Beijing 
Military of PLA. Written informed consent was obtained 
from the patients. The skin grafts were cut into small sections 
(5x5 mm) and incubated with trypsin-EDTA (2.5 g/l trypsin, 
0.2 g/l EDTA) at 4˚C overnight. Trypsin activity was required 
to separate the epidermis from the dermis. The following 
day, trypsin activity was neutralized by adding FBS at a 1:1 
ratio, and replacing it with PBS solution. The epidermis was 
separated from the dermis using sterile forceps. Thorough 
pipetting was performed to separate the cells, resulting in 
the formation of and cell-rich suspensions. The solid tissue 
waste was removed and the suspension was centrifuged at 
1,000 x g for 5 min. The melanocytes were selectively grown 
in defined M254 medium supplemented with human melano-
cyte growth supplements. The number of cells was adjusted to 
2.5x104 cells/cm2 and the cultures were maintained at 37˚C in 
a humidified 95% air and 5% CO2 atmosphere. The medium 
was replaced at 2-3-day intervals. The cultures were routinely 
examined for contamination and cell outgrowth. The cells 
were then split, at confluence, by 5 min trypsin (2.5 g/l) treat-
ment at room temperature. The cells were subcultured once 
per week and experiments were performed using cells between 
passages two and four.

Treatment with AngII alone or in combination with AT1 
receptor antagonists. The confluent cells were seeded at 
sub-confluent densities (2x105 cells) in 6-well plates and 
were grown for 4 days, until confluent. The cells were 
subsequently treated with different concentrations of AngII 
(0.01, 0.1, 1, 10 and 100 nM) for 24 h at 37˚C. In certain 
experiments, the cells were exposed to 1,000 nM LOS, an 
AT1 receptor antagonist, in addition to the AngII, and/or were 
exposed to LOS for 30 min prior to AngII stimulation. The 
culture medium was removed and the cells were washed twice 
with PBS prior to adding fresh assay medium supplemented 
with 0.1% FBS for 24 h. Following culture, a melanin content 
assay was performed, and tyrosinase activity and cell prolifer-
ation were measured. The cell homogenates and supernatants 
were collected for RNA extraction using an RNeasy mini kit 
(Bio-Rad Technologies, Inc.) for protein quantification, based 
on the Bradford method (14).

Tyrosinase activity assay. The melanocytes were treated 
with AngII and/or LOS for 24 h and were subsequently 
washed with ice-cold 1X PBS. Lysis buffer, containing 

150 µl 1% Triton X-100 in 0.1 M phosphate buffer, was added 
to each 6-well plate. The cells were scraped and transferred to 
a 1.5 ml tube, lysed using between three and five freeze-thaw 
cycles in liquid nitrogen, and centrifuged at 5,000 x g for 
5-10 min at 4˚C. The samples (300-500 µg/80 µl) were trans-
ferred into a new 96-well plate on ice. L-DOPA (20 µl; 5 mM) 
was added to each well, the plate was incubated at 37˚C for 1 h 
and the absorbance was measured at 475 nm using a spectro-
photometer (DU-70; Beckman Coulter, Brea, CA, USA).

Melanin content assay. The melanin content was determined, 
as described previously (15). Briefly, the cells were lysed with 
200 µl 1M NaOH and pipetted repeatedly to homogenize 
the samples. The cell extract was subsequently transferred 
into 96-well plates, and the relative melanin content was 
determined by measuring the absorbance at 405 nm using an 
enzyme-linked immunosorbent assay (ELISA) plate reader 
(Synergy H1MF; BioTek, Winooski, VT, USA).

Tetrazolium assay. A 3-(4,5-dimethylthiazol-2-yl)-2,5-diphe-
nyltetrazolium bromide (MTT) yellow tetrazole assay was 
performed to investigate cell proliferation (14). Following the 
treatment with Ang II and/or LOS, 100 µl aliquots of the cells 
were harvested, as detailed above, and plated in flat-bottomed 
96-well plates (2.5x104 cells/cm2). The cells were allowed 
to attach and grow overnight at 37˚C. The MTT assay was 
performed, according to the manufacturer's instructions. The 
formazan precipitates were quantified by measuring the absor-
bance at 562 nm using an ELISA plate reader.

RT‑qPCR. The total RNA extraction and RT reaction were 
performed, as described previously (16), and the mRNA 
expression levels of AT1 and tyrosinase were evaluated using 
qPCR. The total RNA was extracted 24 h after drug treatment 
using a TRIzol kit (Invitrogen Life Technologies, Carlsbad, 
CA, USA) and reverse-transcribed using an RT kit (ReverTra 
Ace® qPCR RT kit; Toyobo, Osaka, Japan). Semi-qPCR was 
performed using primers (Table I) for the AT1 receptor and 
tyrosinase (Beijing Dingguo Biological Technology Co., 
Ltd., Beijing, China). The qPCR was performed using a C100 
Thermal Cycler (Bio-Rad Laboratories, Inc.) and a touchdown 
protocol, as described previously (17), using the following 
program: 1 cycle at 94˚C for 2 min, 12 cycles at 92˚C for 
20 sec, 68˚C for 30 sec and 70˚C for 45 sec (with a decrease 
of 1˚C per cycle) and 22 cycles at 92˚C for 20 sec, 55˚C for 
30 sec and 70˚C for 45 sec. The PCR products were separated 
by electrophoresis using 2% agarose gels and visualized by 
ethidium bromide (0.5 µg/ml) staining for 5 min at room 
temperature. The PCR band intensity was determined using 
Quantity One software (v4.62; Bio-Rad Laboratories, Inc.), and 
was expressed as the relative intensity against that of β-actin.

Western blotting. The protein expression levels of AT1 and 
tyrosinase were assessed by western blotting. The human 
foreskin were cut into small sections and incubated with 
trypsin-EDTA (2.5 g/l trypsin, 0.2 g/l EDTA) at 4˚C overnight. 
Trypsin activity was required to separate the epidermis from 
the dermis. Subsequently, the menlanocytes were isolated 
and cultured, and treated with AngII alone or in combina-
tion with AT1 receptor antagonists. The menlanocytes were 



MOLECULAR MEDICINE REPORTS  12:  651-656,  2015 653

then collected in lysis buffer and centrifuged for 30 min at 
15,000 x g at 4˚C. The supernatant was collected and the 
protein concentration was determined using the bicinchoninic 
acid method (Bio-Rad Laboratories, Inc.). The proteins (20 µg) 
were denatured with SDS sample buffer, boiled for 5 min 
and separated onto 10-12% polyacrylamide gels (Novex, San 
Diego, CA, USA). Following electrophoresis, the proteins were 
transferred into 1X transfer buffer, containing 25 mM Tris, 
192 mM glycine and 0.1% SDS and 20% methanol (pH 8.4), 
onto a 0.45 µm Immobilon-P polyvinyl difluoride membrane 
(Millipore, Temecula, CA, USA) in a Mini Protean II transfer 
cell (Bio-Rad Laboratories, Inc.) set at a constant voltage of 
120 mV for 2 h. The membranes were blocked in 5% non-fat 
dry milk in Tris-buffered saline (TBS) for at least 1 h at room 
temperature. The blots were subsequently incubated overnight 
at 4˚C with either rabbit anti-AT1 or mouse anti-tyrosinase 
(1:1,000 dilution). The membranes were washed three times 
with TBS containing 1% Triton X-100 (TBS-T), incubated 
with horseradish peroxidase-linked goat anti-rabbit or goat 
anti-mouse antibodies (1:2,000 dilution) for 2 h at room 
temperature and were ten washed four times with TBS-T. 
The immunoreactive bands were visualized by exposing the 
membrane blots to an enhanced chemiluminescence substrate 
(Thermo Fisher Scientific, Waltham, MA, USA), and the 
proteins of interest were visualized on X-ray film (BT Film; 
Carestream Health, Xiamen, China). Three independent 
experiments were performed in triplicate.

Statistical analysis. Statistical analyses were performed 
using SPSS 14.0 (SPSS, Inc., Chicago, IL, USA). The data are 
expressed as the mean ± standard error of the mean. Statistical 
analysis between groups was performed using analysis of 
variance. P<0.05 was considered to indicate a statistically 
significant difference.

Results

AngII regulation of tyrosinase activity, melanin content and 
cell proliferation via the AT1 receptor. Tyrosinase activity and 
melanin content increased significantly in a dose-dependent 
manner following treatment with AngII (Fig. 1A and C). 
There were significant increases in the activity of tyrosinase 
and melanin content following incubation of the cells with 

increasing concentrations of AngII (0.1-100 nM) and AngII 
(10-100 nM) for 24 h, respectively. The maximal increase 
was observed with 100 nM AngII (P<0.01). An increase of 
~17% (114±16.89; P<0.05) in tyrosinase activity was observed 
following treatment with 100 nM AngII (Fig. 1A). Treatment 
with <0.01 nM AngII had no effect on tyrosinase activity 
compared with the control (Fig. 1A). At 0.01-1 nM AngII, no 
difference in melanin content was observed compared with the 
control (Fig. 1C). The tyrosinase activity and melanin content 
were inhibited following incubation with 100 nM AngII alone 
for 24 h or following exposure to 1 µM LOS, a selective AT1 
receptor antagonist, for 30 min prior to AngII treatment 
(Fig. 1B and D). There was a marginal, but non-significant 
increase in cell proliferation (P>0.05; Fig. 1E).

AngII regulation of the mRNA expression of AT1. Previous 
studies have reported that AngII regulates the expression 
levels of the AngII receptor subtypes in non-ocular tissues 
and in human retinal pigment epithelium tissues (18,19). 
Steckelings et al examined cultured primary melanocytes and 
examined the mRNA expression of AT1, but not AT2 (10). 
The present study investigated whether AngII modulates the 
expression of the AT1 receptor in cultured human melano-
cytes. To determine the effective range of AngII, the cells were 
treated with 0.01-100 nM AngII for 24 h, and the AngII modu-
lation of the expression of AT1 was assessed. At 0.1-100 nM, 
AngII increased the mRNA expression of AT1. The maximal 
increase was observed at 100 nM AngII, increasing the 
mRNA expression of AT1 2.7-fold (63.21±10.59%; P<0.01). 
Treatment with 10 nM AngII increased the mRNA expression 
of AT1 1.67-fold (38.94±6.54%; P<0.01), whereas 0.1 and 1 nM 
AngII increased the mRNA expression levels of AT1 1.44- and 
1.53-fold (33.47±3.91 and 35.54±6.821%) respectively (P<0.05). 
However, treatment with 0.01 nM AngII had no effect on the 
mRNA expression of AT1 compared with the control (Fig. 2). 
Pretreatment with LOS prevented the maximal upregulation 
of the mRNA expression of AT1 by 100 nM AngII (Fig. 2). 
Therefore, AngII regulated the mRNA expression of AT1 in 
human melanocytes and LOS inhibited these effects.

Regulation of the mRNA and protein expression levels of 
tyrosinase by Ang II via the AT1 receptor. Tyrosinase is the 
key regulatory enzyme in melanin biosynthesis (20). The 

Table I. Primers used in the reverse transcription-quantitative polymerase chain reaction.

Primer Sequence (5'-3') Size (bp)

Angiotensin II type 1  
  Forward ATTGCCAACAGCCTATCT 270
  Reverse CCATCCTCCTGGTCCTTA
Tyrosinase  
  Forward ACGATGTGGACGAGTGT 133
  Reverse CAGAGGCAGGTGAAGGT
β-actin  
  Forward ATCATGTTTGAGACCTTCAACA 318
  Reverse CATCTCTTGCTCGAAGTCCA
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present study examined whether AngII alters the mRNA and 
protein expression levels of tyrosinase in human melanocytes. 
RT-qPCR analysis of tyrosinase revealed no changes in 
transcription following 24 h incubation with 0.01 nM AngII 
(Fig. 3). However, significant increases in transcription were 
observed following 24 h incubation with higher concentrations 
of AngII (0.1-100 nM; Fig. 3).

Following incubation with 0.1 and 1 nM AngII, there was 
an increase of 38.562 and 46.259% (P<0.05), respectively) and 
a 57% increase (P<0.01) following treatment with 10 nM AngII 
(Fig. 3). A maximal increase of 59.5% (P<0.01) was observed 
following treatment with 100 nM AngII (Fig. 3). However, 
pretreatment with LOS eradicated this effect (Fig. 3B). Western 
blotting was performed to compare the effect of AngII on the 
ratio of secreted tyrosinase protein. Following 24 h incuba-
tion with 100 nM AngII, there was a significant increase in 
tyrosinase in the melanocytes (Fig. 4). Pretreatment with LOS 
prevented the AngII-induced increase in protein expression 
levels of tyrosinase and AT1 (Fig. 4), suggesting that the AT1 
receptor mediates the AngII-induced increase of tyrosinase 
in human melanocytes and that it is coupled to tyrosinase 
signaling.

Discussion

Despite extensive investigations on pigment cells and 
wound healing, current understanding of scar repigmenta-
tion following cutaneous injury remains limited, and the 
mechanisms associating AngII with abnormal pigmentation 

Figure 1. (A) Tyrosinase activity following treatment with different concen-
trations of Ang II and (B) following treatment with Ang II and LOS, either 
alone or in combination. (C) melanin content following treatment with 
different concentrations of Ang II and (D) following treatment with Ang 
II and LOS, either alone or in combination. (E) MTT assay of melanocyte 
cell viability following treatment with different concentrations of AngII. 
Data are expressed as the mean ± standard error of the mean. *P<0.05 and 
**P<0.01, vs. control; $P<0.05, vs. 100 nM AngII. Ang, angiotensin; LOS, 
losartan.

Figure 2. AngII upregulates the mRNA expression of AT1 cultured human 
melanocytes, and selective AT1 antagonists inhibit the effect. (A) Reverse 
transcription-quantitative polymerase chain reaction analysis of AT1 in the 
presence of different concentrations of AngII alone for 24 h or exposed to 
LOS (1 µM) for 30 min prior to AngII stimulation. (B) The mRNA expres-
sion of AT1 was normalized against β-actin. Data are expressed as the 
mean ± standard error of the mean and were confirmed by three independent 
experiments. *P<0.05 and **P<0.01, vs. control; $P<0.05, vs. 100 nM AngII. C, 
control; Ang, angiotensin; LOS, losartan; AT1, Ang type 1.
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following wound healing remains to be elucidated. Notably, 
the localization of AngII and its receptors in the skin (10,11,21) 
has suggested the possibility of a prominent pathological role 
for AngII, as demonstrated by previous studies investigating 
wounding healing in skin (11,22).

The present study aimed to characterize the expression and 
function of AngII receptors in human melanocytes and inves-
tigate the contribution of AngII to abnormal pigmentation. 
AngII regulated the expression of the AT1 receptor in human 
melanocytes, confirming that these receptors are functional 
in this cell type. In addition, it was demonstrated that AngII 
alters normal human melanocyte physiology, leading to a 
potentially favorable upregulation of tyrosinase. A previous 
study examining the localization of the AT1 and AT2 receptors 
in whole human skin using immunohistochemistry, revealed 
the expression of AT1 receptors in melanocytes, but not AT2 
receptors (10). The present study utilized molecular biology 
techniques, directly applied to isolated human melanocytes. 
Using this approach, it was confirmed that AT1 receptors 
are expressed in human melanocytes as mRNA and protein, 
consistent with Steckelings et al (10). However, the relative 
expression levels of these receptors in melanocytes remain to 
be elucidated. Based on the fact that AT1 receptors confer an 
active physiological role to AngII, their regulation becomes 
essential in determining the action of AngII. Investigating the 
regulation of the expression of these receptors may assist in 
understanding how they are involved in either physiological 
or pathological events. In the present study, the melanocytes 
expressed markedly low levels of AT1 receptor subtypes in 
the complete absence of AngII or in the presence of 0.01 nM 
AngII. Treatment with 0.1 nM AngII increased the expres-
sion of the AT1 receptor. By contrast, higher concentrations 
of AngII (1-100 nM) increased the expression levels of the 
AT1 receptor in a dose-dependent manner. These effects were 
AngII receptor-mediated as the AngII receptor antagonist, 
LOS, eliminated the effects of AngII on the transcriptional 
regulation of the AT1 receptors in the melanocytes. This is 
supported by evidence that the AT1/AT2 receptors are involved 
in pathological events in other tissue types (23-25). A previous 
study determined that AT1 receptors are expressed in human 
skin (10), and the present study confirmed that AngII regulated 
the AT1 receptors at the transcriptional level in melanocytes. 
Whether these receptors are functional in this cell type was 
also investigated. It has been reported that the AT1 receptor 
belongs to the G protein-coupled, seven-transmembrane 
receptor family (24,26). The present study demonstrated that 
stimulation of the AT1 receptor by AngII is transduced into 
an intracellular signal, increasing the levels of tyrosinase. 
This result provides evidence that the AT1 receptor expressed 
in human melanocytes is functionally active and may be 
efficiently coupled to the tyrosinase transduction pathway, 
however, upregulation of the AT1 receptor transduction 
pathway remains to be investigated. Melanocytes are central 
in the pathogenesis of abnormal pigmentation and, although 
the cellular mechanism underlying abnormal pigmentation 
remain to be elucidated, evidence suggests that tyrosinase may 
be involved (19,27). Previous studies have demonstrated that 
physical stimuli regulate the activity of tyrosinase (28). The 
present study investigated whether AngII affects the regula-
tion of tyrosinase and observed an increase in the mRNA and 

Figure 3. AngII upregulates the mRNA expression of tyrosinase in cul-
tured human melanocytes, and selective AT1 antagonists inhibit the effect. 
(A) Reverse transcription-quantitative polymerase chain reaction analysis 
of levels of tyrosinase in the presence of different concentrations of AngII, 
alone for 24 h or exposed to LOS (1 µM) for 30 min prior to AngII stimula-
tion. (B) mRNA expression of tyrosinase was normalized against β-actin. 
The data are expressed as the mean ± standard error of the mean and were 
confirmed by three independent experiments. *P<0.05 and **P<0.01, vs. con-
trol; $P<0.05, vs. 100 nM AngII. C, control; Ang, angiotensin; LOS, losartan; 
Tyr, tyrosinase; AT1, Ang type 1.

Figure 4. Effect of AngII on the protein expression levels of tyrosinase and 
AT1 in human melanocytes. (A) Western blot analysis of tyr and AT1 in the 
presence of different concentrations of AngII alone for 24 h or exposed to 
LOS (1 µM) for 30 min prior to AngII stimulation. (B) Protein expression 
levels of tyrosinase and AT1 were quantified and normalized against β-actin. 
The data are expressed as the mean ± standard error of the mean and were 
confirmed by three independent experiments. *P<0.05 and **P<0.01, vs. con-
trol; $P<0.05, vs. 100 nM AngII. C, control; Ang, angiotensin; LOS, losartan; 
Tyr, tyrosinase; AT1, Ang type 1.
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protein expression levels of tyrosinase. In addition, the AT1 
antagonist, LOS, eliminated the effect of AngII on tyrosinase 
activity and melanin content, indicating that AngII induced 
the pigmentation changes by enhancing tyrosinase activity via 
the AT1 receptor. The melanocytes were treated with AngII for 
only 24 h, therefore the possibility that longer exposure may 
induce an increase in tyrosinase cannot be ruled out.

The levels of tyrosinase protein were increased following 
exposure to 100 nM AngII, via the AT1 receptors, suggesting a 
synergistic effect of the AT1 receptor on tyrosinase upregula-
tion in human melanocytes. This suggested that certain effects 
induced by AngII may be specific to the type of cell targeted. 
The present study demonstrated that AngII receptor inhibitors 
may prevent these changes.

Notably, the results of the present study suggested a 
potential role for AngII in tyrosinase regulation through the 
AT1 receptors, and supported an association between AngII, 
tyrosinase and AT1 receptor activation, which may be involved 
in abnormal pigmentation by upregulating tyrosinase in mela-
nocytes.

The identification of functional AT1 receptors in human 
melanocytes has provided novel insights into melanocyte 
physiology. The nature of these receptors, their additional 
functional activities and their regulatory mechanism require 
further investigation to assess the role of AngII in cutaneous 
pathophysiology.
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