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Abstract
Known since ancient times, melasma is notoriously a frequent dyspigmentation disorder characterized by localized,
chronic acquired cutaneous hypermelanosis. Despite high frequency, significant negative effects on quality of life and
often unsatisfactory results of available treatment, not much research has been performed on the etiopathogenesis
of this disease, which still remains largely obscure. An extensive review of the literature on etiology and pathogenesis
of melasma is presented here, in which known causal/exacerbating factors (sun exposure, alterations of hormonal
balance, use of cosmetics and photosensitizing drugs, procedures and inflammatory processes of the skin, stressful
events) are linked with their effects on multiple metabolic pathways of melanocytes and other components of the socalled “melanin unit”. Available data outline an incompletely defined, but certainly complex and somehow fascinating
network of interactions of structural and functional alterations, which deserves further investigation, not only to
obtain new and better treatments for melasma, but also –and probably more important in view of a more detailed
understanding of the entire physiology and pathophysiology of melanogenesis, with many possible applications in the
vast field of dyspigmentation disorders.
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Introduction
Clinically described –according to available documents– already
at the times of Hippocrates (470-360 BC), but fully characterized,
classified and extensively studied only in the last 80 years, melasma
notoriously is a dysfunction of melanogenesis which results in
localized, chronic acquired cutaneous hypermelanosis [1]. It is one of
the most common pigmentary disorders observed by dermatologists:
as an example, some studies give an estimate of five million people
affected in the United States of America alone [2]. While it can occur
in all ethnic and population groups, frequency is higher in women
in menacme with Fitzpatrick’s skin phototype III, IV or V, living in
areas of high ultraviolet (UV) light exposure [3]. Improvements are
usually observed in winter and worsening in summer or after intense
photoexposure [1]. Melasma has a significantly negative impact on the
quality of life of patients, causing shame, low self-esteem, anhedonia,
dissatisfaction and, in some cases, suicidal ideation. Another important
issue is the direct and indirect cost of treatments, which is often high
and not rewarded by results satisfactory for the patient [1].
For the above reasons, melasma represents a topic of interest for
medical researchers: a search in PubMed for the name of the disease,
performed on October 4, 2014, yields 7766 articles. However, efforts
appear to be mainly focused on treatment, while some aspects of
this disease still remain unclear, particularly for which concerns its
etiopathogenic mechanisms. This review aims to critically review and
evaluate the available literature, and present a picture, as complete as
possible, of the “state of the art” of research on the etiopathogenesis of
melasma.
Pigmentary Disorders

Methods
A search was performed in the PubMed database of the NCBI
(National Center for Biotechnology Information), using the string
“melasma AND pathogen*”. Articles matching this query were then
retrieved and manually reviewed, to select only those containing
information about the etiopathogenesis of melasma. Further articles on
specific aspects or mechanisms were found in the reference list of the
selected papers.

Results and Discussion
As of October 04, 2014, the NCBI PubMed database contained
297 articles matching the query “melasma AND pathogen*”. Manual
review of these papers allowed us to identify 18 articles pertaining to
the etiopathogenesis of melasma.
In a 2011 review [3], Sheth and Pandya declared that “the exact
underlying etiology for melasma remains a mystery”: this view is
essentially confirmed in the most recent paper on the topic, published
in 2014 [1]. However, although the complete picture is still unclear,
many details keep emerging from clinical and laboratory research, and
outline a complex disease, resulting from the interaction of several
genetic factors, inherited with non-Mendelian patterns, and multiple
environmental triggering factors, which include not only sun exposure,
but also paraphysiological/pathological/iatrogenic alterations of
hormonal balance (due to pregnancy, use of oral contraceptives and
other steroids, hormone replacement therapy, ovarian tumors), use of
cosmetics and photosensitizing drugs, procedures and inflammatory
processes of the skin, stressful events [1,4-7]. Additionally, most recent
researches on altered expression of several genes (more than 270) as well
as metabolic and even structural modifications in melasma show that
multiple pathways are involved, related not only to melanogenesis, but
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also to inflammatory response, oxidative stress and lipid metabolism.
There is increasing evidence that melanocytes are only a part of a
complex network of communicating cells, and melasma results from
alterations of this “melanin unit” rather than of melanocytes or any
other cell type alone.

Genetic factors
Skin phototype III, IV or V and female gender are the most known
genetic predisposing factors for melasma. However, several studies
suggest the possible role of other inheritable characters, probably
multigenic. The biggest research in this field was performed some years
ago in dermatology centers of nine countries (United States of America,
France, Germany, Netherlands, Mexico, Italy, Singapore, South Korea,
Hong Kong) and showed that 48% of 324 women with melasma had a
positive family history for the same disease, and in 97% of cases the other
family member affected was a first degree relative [8]. Epidemiological
data in this regard can significantly differ among populations:
percentages of positive family history reported in literature are 70.4%
for male patients and 56% for female patients in Brazil [4,9], 54.7% in
Iran [10], 33% in India [11], 10.2% in Singapore [12]. Although sparse
and sometimes not involving large patient samples, these studies, which
show remarkable differences even between populations living in similar
environmental conditions, suggest that susceptibility to melasma is
poligenic and, as recently postulated by some authors, could be also
influenced by epigenetic modulation of melanogenesis [13]. In detail,
Dynoodt et al. [13], found that the expression of sixteen microRNA
(miRNA) was different between melanocytes treated with forskolin
plus solar-simulated UV irradiation and untreated melanocytes; one of
these miRNAs, namely miR-145, was significantly downregulated and
able to influence expression of several major pigmentation genes (Sox9,
Mitf, Tyr, Trp1, Myo5a, Rab27a, Fscn1).

Sun exposure
The most important and demonstrated environmental triggering
factor of melasma is exposure to sunlight. Among the different
components of sunlight, UV radiations (A and B) have a major role:
they can induce/increase melanogenesis, melanocyte proliferation
and migration directly, but also indirectly, through stimulation of the
production of interleukin 1 (IL-1), endothelin 1, alpha-melanocyte
stimulating hormone (α-MSH) and adrenocorticotropic hormone
(ACTH) by keratinocytes [3,14].
The role of visible and infrared radiations in melanogenesis is much
less significant, but not necessarily negligible: a connection between
occupational abundant exposure to heat or intense artificial light and
worsening of melasma and/or low response to treatment was reported
by some authors [1,15,16]. An indirect proof of the role of visible light
is contained in a recent paper by Castanedo-Cazares et al. [17], they
showed that a sunscreen absorbing ultraviolet radiations and visible
light enhances the depigmenting efficacy of hydroquinone more than a
sunscreen which blocks ultraviolet radiations only.

Hormonal balance
Although the mechanism(s) that link hormones and melasma are
not yet completely clear, it has been demonstrated that melanocytes,
even in healthy skin, possess nuclear and cytosolic estrogen receptors,
and the number of such receptors is increased in lesional skin of patients
with melasma [18,19]. Effects on melanocytes depend on the type of
hormone: MSH, ACTH, Luteinizing Hormone (LH) and FollicleStimulating Hormone (FSH) increase melanocyte size and production
of tyrosinase, while estradiol, estriol and progesterone slightly
increase melanocyte proliferation and do not affect or downregulate
Pigmentary Disorders

tyrosinase activity [18,20]. However, studies on patients show results
often conflicting among themselves and with in vitro data: Hassan et
al. [21], found a significant increase of 17-β-estradiol at the beginning
of menstrual cycle, Mahmood et al. [22] found that estradiol levels
are increased both in the follicular and luteal phase, Perez et al. [23],
found significantly higher levels of LH, lower levels of estradiol and no
significant variations, in comparison with controls, of β-MSH, ACTH,
FSH, progesterone, prolactin, thyroid hormone or cortisol.
The mechanisms by which these hormones can influence
melanogenesis were only partially defined. It is known that estrogens
bind to nuclear receptors and exert their action on melanocytes in a
nongenomic fashion [1,24]. Demonstrated effects in vitro include
increased expression of two proteins involved in the pathogenesis
of melasma: melanocortin type 1 receptor (MC1R) [25-27] and the
scaffolding protein produced by the PDZK1 gene, which promotes
the transcription of tyrosinase without inducing modifications of the
number of melanocytes or keratinocytes [28].
Kim et al. focused their attention on the H19 gene, which produces
a non-coding RNA but operates in imprint with the gene of insulinlike growth factor type II, named IGF2. Interestingly, a decrease of
H19 transcription induces melanogenesis and transfer of melanin
to keratinocytes in co-cultures of melanocytes and keratinocytes,
but not in cultures of melanocytes alone. This implies an active role
of keratinocytes in melanogenesis (and possibly in its dysfunctions,
including melasma) and suggests the possible role of H19 in the
pathogenesis of melasma. Also of interest, co-cultures of melanocytes
and keratinocytes without H19 respond to estrogens with an
increased production of tyrosinase, an enzyme notoriously involved
in melanogenesis, and this could explain, at least in part, the observed
correlation between estrogen levels and melasma [29,37].
Some authors studied also the expression of Estrogen Receptor (ER)
and Progesterone Receptor (PR), comparing lesional and nonlesional
skin of patients with melasma: PR was significantly more expressed in
the epidermis of lesional than of nonlesional skin, while this was not
the case in the dermis; ERβ had, instead, increased dermal expression,
particularly around small blood vessels and fibroblast-like cells, and
non-significantly raised epidermal expression in lesional areas in
comparison to unaffected skin [30].
Pregnancy or use of oral contraceptives is conditions of alteration
of hormone balance, which are linked to melasma. In older as well as
in recent studies, the percentage of women who developed melasma as
a direct result of oral contraceptive use are very similar: in 1967 Resnik
reported a frequency of 29% [31], in 2009 Ortonne et al. reported a
frequency of 25% [8]. Of interest, in the above study by Resnik [31]
it was shown than 87% of the women who developed the disease after
oral contraceptive use presented melasma also during pregnancy.
During pregnancy, particularly in the third trimester, higher levels of
MSH, estrogen and progesterone increase production of tyrosinase and
dopachrome tautomerase: this might justify the higher susceptibility to
the development of melasma, although a detailed explanation of the
onset of the disease is not yet available [8,32].
Few papers (of which almost all are case reports) were published on
the correlation between melasma and hormones in men. The biggest
study on this topic was made by Sialy et al. [33], on 15 subjects, who had
raised levels of LH and decreased levels of testosterone.
Concerning non-sexual hormones, some authors suggested a
correlation between melasma and thyroid hormones. Lutfi et al. [34],
found that thyroid disorders are four times more frequent in melasma
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patients than in healthy controls, and significant differences were also
reported by Perez et al. [23], However, the matter is still controversial:
a study by Yazdanfar et al. [35], showed no difference in the levels of
anti-thyroid peroxidase antibodies (anti-TPO), T3, T4 and Thyroid
Stimulating Hormone (TSH) between melasma patients and controls,
and similar results were also reported by Sacre et al. [36].

Other factors
Among the other causal/triggering factors of melasma,
inflammation is one of the most studied. Inflammatory mediators like
inducible nitric oxide synthase (iNOS), vascular endothelial growth
factor (VEGF), granulocyte-macrophage colony stimulating factor
(GM-CSF), c-kit, endothelin-1 and stem cell factor are overexpressed
in lesional skin of melasma patients, and induce local increase of vessels
and inflammatory cells [37,38].
Concerning nitric oxide, Jo et al. [39] found that iNOS protein and
iNOS mRNA are overexpressed in keratinocytes of the basal layer of
the epidermis in lesional skin of melasma patients, but not in normal
skin. Consistently, they found that phosphorylated Akt co-localized
with high levels of iNOS: it is well known that phosphorylation of
Akt is important for the activation of the transcription factor nuclear
factor (NF)-kappaB, which in turn upregulates iNOS expression. An
evaluation of the overall oxidoreductive status in patients with melasma
was very recently performed by Seçkin et al. [40], who demonstrated
an imbalance between oxidants and anti-oxidants, leading to increased
oxidative stress.
Particular interest was focused on stem cell factor: Kang et al. [41]
showed that in lesional skin it is overexpressed around dermal fibroblasts
(and c-kit is overexpressed in the basal epidermal layer), Grichnik et
al. [42] demonstrated that it can increase number, size and dendricity
of melanocytes and Costa et al. [43] found that half of the patients
receiving subcutaneous injections of stem cell factor for the treatment
of breast cancer developed hyperpigmentation at injection sites. Jang et
al. [44] found that significant differences exist, in this regard, between
male and female melasma: male patients have a significantly higher
expression of stem cell factor and c-kit, an increased lesion to nonlesion
ratio of stem cell factor and c-kit, increased vascularity and increased
lesion to nonlesion ratio of the vessel area.
Even cosmetics [45] or cosmetic treatments such as peelings
or lasers can elicit melasma, as suggested by Negishi et al. [46], who
highlighted the possible role of treatments with intense pulsate light.
Further support to the idea of a link between inflammation and
melasma is given by few studies that show a higher frequency of the
disease in subjects with post-inflammatory hyperpigmentation [47,48].
With various mechanisms, ranging from photosensitization
to deposition in different cutaneous layers to stimulation of
melanogenesis, many substances were linked to melasma: the long list
includes anticonvulsivants, antimalarials, tetracyclines, amiodarone,
sulfonylureas, iron, copper, gold, silver, arsenic, bismuth. However, the
matter is still debated; as such correlation was not confirmed by other
authors [49].
Neural and psychological factors were postulated by some
authors. Bak et al. [50] compared lesional and nonlesional skin of six
Asian women with melasma, finding that expression of nerve growth
factor receptor (NGFR), neural endopeptidase and nerve fibers was
increased in the superficial dermis of areas affected by the disease.
Stressful events and affective disorders were considered as triggers in
patients reported by Tamega Ade et al. [4] and Wolf et al. [6], and the
Pigmentary Disorders

pathogenic hypothesis formulated is that ACTH and MSH, produced
as organic response to stress, activate melanocortin receptors located in
melanocytes, thus inducing melanogenesis.
Finally, some data suggest a possible etiopathogenic role of
alterations of lipid metabolism. A transcriptional profiling performed
by Kang et al. [51] showed that 279 genes are differentially expressed
in lesional and perilesional skin of melasma patients. Upregulation
concerns not only known melanogenesis-associated genes, such as
tyrosinase and TYRP1 (tyrosinase-related protein 1), but also of a
subset of Wnt signaling modulators, including Wnt inhibitory factor
1, secreted frizzled-related protein 2, Wnt5a. In the same paper,
the authors demonstrated downregulation of the majority of lipid
metabolism-associated genes, with consequent impairment of skin
barrier function. Similar conclusions about lipid metabolism-associated
genes in melasma and their effects on barrier function were obtained by
Lee et al. [52], who demonstrated a reduced expression of the PPARα,
ALOX15B, DGAT2L3 and PPARGC1A genes.

Structural alterations of skin in melasma
Histological, histochemical, immunohistochemical and molecular
techniques show that skin of melasma patients presents several
structural, other than functional, alteration, and this further adds to the
complexity of the etiopathogenesis of this disease.
Hernández-Barrera et al. [53], comparing lesional and nonlesional
skin, found that cutaneous areas affected by melasma have significantly
abundant elastotic material, and in these elastotic areas mast cells are
significantly increased and prominent among other inflammatory cells.
Torres-Álvarez et al. [54], in a study on lesional, perilesional
and photoprotected nonlesional skin of patients, confirmed the
overexpression of stem cell factor and c-kit in lesional dermis and
epidermis, respectively, and the prevalence of mast cells in lesional
dermis, and also discovered some unexpected damage of the basal
membrane. In detail, they observed many c-kit positive and pigmented
basal cells protruding into the dermis in 70% and 29% of lesional and
perilesional skin samples, respectively.
More recently, Brianezi et al. [55] compared nuclear morphological
features and chromatin texture between basal keratinocytes in facial
melasma and adjacent normal skin, and found that in the first case
nuclei show larger size, irregular shape, hyperpigmentation and
chromatin heterogeneity by fractal dimension, concluding that “the
phenotype differences between melasma and adjacent facial skin can
result from complete epidermal melanin unit alterations, not just
hypertrophic melanocytes”.
Down to a molecular level, Moncada et al. [56] found, using Raman
spectroscopy and optical transmission spectroscopy, that in melasma
lesions melanin is concentrated in the deeper layers of the skin (but
its exteriorization is similar to that of healthy skin) and is sometimes
structurally degraded. These data suggest a possible alternate
explanation for hyperpigmentation and could also justify, at least in
part, the variable efficacy of treatment protocols.

Conclusions
Often neglected by researchers and many clinicians because of
its reputation of scientifically banal and purely cosmetic problem,
melasma is recently being reconsidered thanks to an increased
attention to the psychoemotional, other than physical, well-being
of patients, and is showing its intrinsic and somehow fascinating
complexity, and unexpected connections and interactions with several
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metabolic pathways. Further research efforts on this topic are strongly
advisable, not only to improve current treatments, which are too often
not effective as desired, but also –and maybe more important to gain a
more complete understanding of the “melanin unit” and the physiology
and pathophysiology of melanogenesis, a knowledge which could be of
great help in the vast field of dyspigmentation disorders.
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