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The vascular characteristics of melasma
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Summary
Background: The pathogenesis of melasma is not yet fully understood. Previous
studies indicate that dermal environment such as fibroblasts may have an important
role in the development of melasma. Recently, it has been suggested that interactions
between the cutaneous vasculature and melanocytes might have an influence on the
development of pigmentation.
Objectives: We investigated the vascular characteristics in melasma lesions. The
expression of vascular endothelial growth factor (VEGF), a major angiogenic factor of
the skin, was also investigated in melasma.
Methods: Erythema intensity was quantified by the increase of the a* parameter
using a colorimeter. Skin samples were obtained from lesional and non-lesional facial
skin of 50 Korean women with melasma. Immunohistochemistry was performed to
determine the expression of factor VIIIa-related antigen and VEGF in melasma.
Results: The values of a* was significantly higher in the melasma lesion than that of
perilesional normal skin. Computer-assisted image analyses of factor VIIIa-related
antigen-stained sections revealed a significant increase of both the number and the
size of dermal blood vessels in the lesional skin. There was significant relationship
between the number of vessels and pigmentation in melasma. The expression of VEGF
was significantly increased in melasma
Conclusions: These data suggest that increased vascularity is one of the major findings
in melasma. VEGF may be a major angiogenic factor for altered vessels in melasma.
# 2007 Japanese Society for Investigative Dermatology. Published by Elsevier Ireland
Ltd. All rights reserved.

1. Introduction
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Melasma is a common acquired symmetrical hypermelanosis on sun-exposed areas of the skin. It is very
common in oriental women. The major etiological
factors include genetic influences, exposure to
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ultraviolet (UV) radiation, and sex hormones [1].
However, the pathogenesis of melasma is not yet
fully understood.
Previous report have demonstrated that lesional
melasma skin show more prominent solar elastosis
compared with normal skin, suggesting that the
dermal change may influence the development of
melasma [2]. Very recently, we suggested that dermal inflammation induced by accumulation of UV
irradiation may be associated with activation of
fibroblasts, which result in the up-regulation of stem
cell factor in melasma dermal skin leading to
increased melanogenesis [3]. These studies have
given us new insights on the pathogenesis of melasma, in particular, that the dermal environment
may have an important role in the development of
melasma.
Recent studies have suggested that a connection
between vessels and cutaneous pigmentation
could exist. Human melanocytes may respond to
angiogenic factors because normal human melanocytes express functional vascular endothelial
growth factor (VEGF) receptors [4]. Also, it has
been reported that the topical plasmin inhibitor,
tranexamic acid, is effective in the treatment
of UV-induced hyperpigmentation [5]. Localized
microinjection of tranexamic acid, improved melasma in vivo [6]. Tranexamic acid prevents the
binding of plasminogen originating from endothelial cells, to keratinocytes, which is thought to be a
possible mechanism for melasma treatment [5].
These in vitro and in vivo findings suggest that
interactions between the altered cutaneous vasculature and melanocytes may have an influence
on the development of hyperpigmentation in the
overlying epidermis.
A major clinical characteristic feature of melasma is hyperpigmented patches, but we have
observed that melasma patients have additional
distinguishing features like pronounced telangiectatic erythema confined to the melasma lesional
skin. Therefore, in the present study, we have
investigated the vascular characteristics of melasma lesions. Our data confirmed that melasma
lesions show significant increase in vascularity. We
then investigated the expression of VEGF, a major
angiogenic factor of the skin, in altered vasculature
of melasma lesions.

2. Materials and methods
2.1. Patients
We examined 50 Korean women with newly diagnosed melasma, which was determined by physical
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examination and confirmed by histological examination. Informed written consent was obtained from
each patient prior to skin sampling. This study was
approved by the ethical committee of Ajou University Hospital.

2.2. Colorimetric measurement
The lesional melasma and perilesional normal skin
(usually within 1 cm away from the lesional border)
of 30 melasma patients were evaluated. The subjects had a wash-out period for at least 2 weeks from
bleaching products, UV light therapy and steroid
containing triple agents and a wash-out period for
at least 3 months from lasers, dermabrasion, and
chemical peeling. The intensity of erythema was
measured by skin reflectance with a tristimulus
color analyzer (Chromameter CR300, Minolta,
Japan) and expressed in the L*a*b* system. This
system allows a color to be quantified according
to three axes: white—black or lightness (L*), red—
green or chrome (a*) and yellow—blue or hue (b*).
The a* parameter was used as the measurement of
redness.

2.3. Immunohistochemistry and image
analysis
Skin biopsy specimens were obtained from 50 melasma patients. Two-millimeter punch biopsies from
lesional melasma and perilesional normal facial skin
(usually within 1 cm away from the lesional border)
were obtained from each patient under local
anesthesia. Fifty pairs of tissue were prepared for
routine and immunohistopathological examination
by 10% formalin fixation. Melanin pigment was visualized with the Fontana-Masson stain, performed by
the usual methods without an eosin background
stain. The amount of pigmentation was measured
by the ratio of pigmented area to measured epidermal area (PA/EA) in lesional melasma and perilesional normal skin. The measurement was done
under constant magnification at 200.
Paraffin-embedded sections (4 mm) of both
lesional and perilesional normal skin were processed
for immunohistochemistry as described earlier [7]. A
monoclonal antibody to factor VIIIa-related antigen
(ImmunonTM, Pittsburgh, PA, U.S.A.) was diluted
1:100 and incubated for 20 min at 48 8C. At 100
magnification, the number of vessels mm 2, the
average vessel size and the relative area occupied
by blood vessels were determined in the dermis of
each slide section. The measurement was performed
in an area within 100 mm distance from the epidermal—dermal junction [8]. A monoclonal antibodies to
VEGF (Santa Cruz Biotechnology, Inc., Santa Cruz,
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CA, U.S.A.) was diluted 1:50 and incubated for 20 min
at 48 8C. The stained area per epidermal area (SA/EA)
was measured in lesional and perilesional skin. Each
measurement was evaluated under constant magnification. For each frame, the tracing was repeated
three times and the mean was used for evaluation.
The image was analyzed using Image Pro Plus Version
4.5 (Media Cybertics Co., MD, U.S.A.).

2.4. Statistics
Comparison of erythema intensity and vascularity
between melasma lesional and perilesional normal
skin was tested with two-sided unpaired Student’s ttest. The relationship between pigmentation and
vascularity was tested with Pearson’s correlation
coefficients. A possibility value of less than 0.01
was considered as statistically significant. SPSS
11.0 statistics program was used for analysis.

3. Results
3.1. Erythema intensity in melasma
patients
On physical examination, melasma patients exhibited pronounced telangiectatic erythema within
lesions of melasma (Fig. 1). The values of a* was
higher in the melasma lesion (mean value of Rt. and
Lt. cheek area, 12.92  1.96 and 12.78  2.19) than

113
that of perilesional normal skin (mean value of Rt.
and Lt. cheek area, 10.24  1.35 and 10.53  1.73,
p < 0.01).

3.2. Immunohistological evaluation of
vascularity in melasma patients
To investigate whether vascularity is increased in
melasma lesions, we performed immunohistochemistry for factor VIIIa-related antigen. We found
increased numbers of enlarged blood vessels in
the melasma lesion (Fig. 2B), as compared with
perilesional normal skin (Fig. 2A). Computerassisted image analyses of factor VIIIa-related antigen-stained sections revealed a significant 16.28%
increase in vessel size (Fig. 2C) and 33.89% increase
in vessel density (Fig. 2D) in melasma skin compared
to perilesional normal skin. This resulted in an overall increase of 68.75% in the cutaneous area covered
by blood vessels in melasma skin compared to perilesional normal skin (Fig. 2E).
As shown in Table 1, there was a positive relationship between number of vessels and pigmentation in
melasma lesional skin. However, no appreciable
relationship was found between pigmentation and
vessel size or area.

3.3. VEGF expression was increased in
melasma
To examine whether the increased angiogenesis in
melasma lesions is associated with increased
expression of VEGF, we examined the expression
of VEGF protein using immunohistochemistry. In
melasma lesions, distinctly positive immunoreactivity against VEGF was noticed in keratinocytes
whereas perilesional normal skin only showed weak
immunoreactivity in keratinocytes (Fig. 3). The SA/
EA of perilesional normal skin samples was
0.137  0.132, and that of lesional melasma skin
samples was 0.270  0.237. This difference was
statistically significant (P = 0.034). In addition, dermal blood vessels, and fibroblasts were also faintly
stained. However, the staining pattern of perilesional and lesional skin was similar in papillary
and reticular dermis.

4. Discussion

Fig. 1 Pronounced telangiectatic erythema noticed on
melasma lesion.

We have demonstrated that a significant increase of
both the number and size of dermal blood vessels in
the lesional skin is one of the major findings in
melasma. Interestingly, the increase in the number
of vessels was more prominent than the increase in
vessel size in lesional melasma skin. This finding
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Fig. 2 Immunohistochemistry for factor VIIIa-related antigen revealed enlarged and elongated blood vessels in the
upper dermis (B), as compared with perilesional normal skin (A). Computer assisted morphometric analysis of factor VIIIarelated antigen stained sections revealed a significant increase in vessel size (C), vessel density (D) and the relative area
covered by blood vessels (E), as compared with perlesional normal skin.

suggests that the erythema noticed in melasma
patients could be due to angiogenesis as well as
telangiectasia.
Angiogenesis, the formation of new blood vessels
from preexisting vessels, is restricted to the perifollicular vasculature during the growth phase of
hair follicles in normal skin [9]. However, the skin
can initiate a rapid angiogenic response during
wound healing and inflammation. For example,

UVB irradiation of the skin induces an angiogenic
switch, associated with the up-regulation of proangiogenic factors such as VEGF, basic fibroblast
growth factor, and interleukin-8 [10—12]. In our
study, we found that VEGF expression was more
upregulated in melasma lesions compared to perilesional normal skin. These results suggest that VEGF
is a major angiogenic factor in vascular alteration
noticed in melasma.

Table 1 The relationship between epidermal pigmentation and vascularity
Level of pigmentation

Number of
vessels (mm 2)

Vessel
size (mm2)

Vessel
area (%)

Perilesional normal skin
Lesional melasma skin

0.031
0.467 *

0.179
0.169

0.103
0.163

Each value represents Pearson’s correlation coefficient (r). There was a significant positive correlation between pigmentation and
number of vessels. *p < 0.01.
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that the resulting metabolites from the arachidonic
acid pathway may affect melanogenesis [14]. This
hypothesis is further supported by a report that
normal human melanocytes express functional vascular endothelial growth factor receptors [4].
Therefore VEGF could have a direct influence on
melanocyte behavior through its receptor. Also,
blood vessels or endothelial cells modified by UV
radiation may release cytokines and soluble factors
like plasminogen, which might be a possible cause of
hyperpigmentation in melasma [15]. The biological
role of cutaneous blood vessels in the pathogenesis
of melasma remains an interesting topic for future
studies.
In summary, we have shown that vascularity is
increased in melasma lesions. This present study
may offer future perspectives for pathogenesis
and therapeutic consideration of melasma.
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Fig. 3 Immunostaining with an antibody to VEGF. The
expression of VEGF was significantly increased at lesional
epidermis (B) compared with perilesional normal skin (A).
Original magnification 400.

The significance of these increased vascularity in
melasma is unclear. It is well known that UV irradiation induces angiogenesis so the vascular alteration
in melasma might be just a result of chronic UV
accumulation accompanying epidermal hyperpigmentation. However, both lesional and perilesional
facial skin had been exposed to chronic UV irradiation, but only lesional melasma skin showed pronounced vascular changes. Furthermore, the
number of vessels had a positive relationship with
pigmentation in melasma lesional skin. So, it is
possible to speculate that the increase in vascularity
was not only an epiphenomenon of UV damage but
that it may play an important role in the pathogenesis of melasma by an increase in factors released
from these proliferated vessels. However, although
our patients were newly diagnosed, it should be
noted that steroid containing triple reagent can
induce telangiectasia because people usually apply
triple reagent for the treatment of melasma.
VEGF is known to stimulate the release of arachidonic acid and the phosphorylation and activation of cytosolic phospholipase A2 [13]. It is possible

References
[1] Urabe K, Nakayama J, Hori Y. In: Nordlund JJ, Boissy RE,
Hearing VJ, King RA, Ortonne J-P, editors. Melasma pigmentary system: physiology and pathophysiology. New York:
Oxford University Press; 1997. p. 909—11.
[2] Kang WH, Yoon KH, Lee ES, Kim J, Lee KB, et al. Melasma:
histopathological characteristics in 56 Korean patients. Br J
Dermatol 2002;146:228—37.
[3] Kang HY, Hwang JS, Lee JY, Ahn JH, Kim JY, Lee ES, et al. The
dermal stem cell factor and c-kit are overexpressed in
melasma. Br J Dermatol 2006;154:1094—9.
[4] Kim EJ, Park HY, Yaar M, et al. Modulation of vascular
endothelial growth factor receptors in melanocytes. Exp
Dermatol 2005;14:625—33.
[5] Maeda K, Naganuma M. Topical trans-4-aminomethylcyclohexanecarboxylic acid prevents ultraviolet radiation-induced
pigmentation. J Photochem Photobiol B: Biol 1998;47:
136—41.
[6] Lee JH, Park JG, Lim SH, Kim JY, et al. Localized intradermal
microinjection of tranexamic acid for treatment of melasma
in Asian patients: a preliminary clinical trial. Dermatol surg
2006;32:626—33.
[7] Adema GJ, de Boer AJ, Vogel AM, Loenen WAM. Molecular
characterization of the melanocyte lineage-specific antigen
gp100. J Biol Chem 1994;269:20126—33.
[8] Yano K, Kajiya K, Ishiwata M, et al. Ultraviolet B-induced skin
angiogenesis is associated with a switch in the balance of
vascular endothelial growth factor and thrombospondin-1
expression. J Invest Dermatol 2004;122:201—2.
[9] Dvorak HF, Brown LF, Detmar M, Dvorak AM. Vascular permeability factor/vascular endothelial growth factor,

116
microvascular hyperpermeability, and angiogenesis. Am J
Pathol 1995;146:1029—39.
[10] Kramer M, Sachsenmaier C, Herrlich P, et al. UV irradiation
induced interleukin-1 and basic fibroblast growth factor
synthesis and release mediate part of the UV response. J
Biol Chem 1993;268:6734—41.
[11] Bielenberg DR, Bucana CD, Sanchez R, et al. Molecular
regulation of UVB-induced cutaneous angiogenesis. J Invest
Dermatol 1998;111:864—72.
[12] Strickland I, Rhodes LE, Flanagan BF, et al. TNF-alpha and IL8 are upregulated in the epidermis of normal human skin
after UVB exposure: correlation with neutrophil accumulation and E-selectin expression. J Invest Dermatol 1997;108:
763—8.

E.H. Kim et al.
[13] Wheeler-Jones C, Abu-Ghazaleh R, Cospedal R, Houliston
RA, Martin J, Zachary I. Vascular endothelial growth factor
stimulates prostacyclin production and activation of cytosolic phopholipase A2 in endothelial cells via p42/p44 mitogen-activated protein kinase. FEBS Lett 1997;420:28—32.
[14] Abdel-Malek Z, Kadekaro AL. Human pigmentation: its
regulation by ultraviolet light and by endocrine, paracrine,
and autocrine factors. In: Nordlund JJ, Boissy RE, Hearing
VJ, King RA, Oetting WS, Ortonne JP, editors. The pigmentary system. Oxford: Blackwell Publishing Ltd.; 2006 . p.
410—20.
[15] Morelli JG, Norris DA. Influence of inflammatory mediator
and cytokines in human melanocyte function. J Invest Dermatol 1993;100:191S—5S.

