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Background: Melasma is a complex and multipathophysiological condition that is challenging 
to treat. The roles of each element in the dermis were highlighted in this recent year due to 
targeting it with emerging therapies. Although some studies have demonstrated abnormal 
findings in the dermis of melasma lesions, there are no integrated data regarding these findings.
Purpose: This article aims to discuss each finding in the dermis of melasma lesions and to 
provide some ideas about treatment options.
Methods: An Internet search was completed using the MEDLINE, Embase, Scopus, and 
Google Scholar databases for relevant literature through June 2021 and reference lists of 
respective articles. Only the articles published in English language were included.
Results: Several studies have focused on the dermal changes in melasma. Common findings 
included basement membrane disruption, pendulous melanocytes, marked solar elastosis, 
increased melanophages, increased mast cells, and neovascularization. In addition, each of 
them had the specified mechanism that may relate with the others.
Conclusion: Several changes in the dermis of melasma lesion may be connected with 
pathological changes in the epidermis. This may serve as a potential target treatment for 
melasma, which requires a multimodal approach.
Keywords: basement membrane, chloasma, hyperpigmentation, mast cell, photoaging, 
pigmentation disorder, solar elastosis

Introduction
Melasma is a common hyperpigmentary condition with multiple etiologies. Despite the 
fact that melasma is clinically characterized by epidermal hyperpigmentation, the 
histopathological changes involve both the epidermis and dermis. In addition, the 
pathogenesis of melasma is complex and includes both exogenous and endogenous 
factors. Regarding histopathological findings, there are several changes in melasma 
lesions compared to nonlesional skin. As expected, there was more melanin in all 
epidermal layers, and some epidermal thinning was observed.1 Several studies have 
demonstrated dermal change pathology within melasma. The aim of this review is to 
discuss the abnormalities in the dermis of melasma lesions (Figure 1) and demonstrate 
the roles for each cells involved in dermal pathologic process in association with 
biological or signal pathway (Table 1). In addition, this review also provide some 
ideas about treatment options for this difficult-to-treat condition.

Basement Membrane Disruption
The basal basement membrane of melasma patients has been found to have a 
vacuolar structure within keratinocytes and tends to contain large numbers of 
single, nonaggregated melanosomes.2 A total of 95.8% of melasma lesions exhib
ited damage to the basal membrane, and 83% had an antibody to collagen type IV.3 
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In some studies, the basement membrane was observed to 
protrude into the dermal layer, but when compared to the 
immunohistochemistry results, these cells were compatible 
with melanocytes.4 The reason above implies that disrup
tion can also cause melanocytes to migrate into the dermal 
layer and lead to constant hyperpigmentation in melasma 
(Figure 2A).

In UV-induced photoaging, there are activated forms of 
matrix metalloproteinases (MMP-2 and MMP-9), known 
as gelatinase. Gelatinases are the specific degraded 
enzymes of type IV collagen and type VII collagen, 
which are components of the epidermal basement 
membrane.5 In the same way, the reason above might 
explain the cause of basement membrane disruption.

Figure 1 Diagram demonstrated pathologic changes in the dermis of lesional melasma including basement membrane disruption, pendulous melanocytes, melanophages, 
mast cells, stem cell factor, solar elastosis, and neovascularization.

Table 1 Cell Differentiation in Dermal Pathology in Melasma

Cells Definition Role of Each Cell Involved in Dermal Pathologic Process

Pendulous 

melanocytes

- Melanocytes that protrude into the dermal layer and 

related to the hyperactivity of melanocytes

- Loss of basement membrane and cadherin expression by chronic 

UV exposure lead melanocytes to migrate deeper into the dermis

Melanophages - Melanin-containing macrophages - The phagocytized melanin in cytoplasmic granules within dermis 

layer leading to persistent of pigmentation

Fibroblasts - Dermal resident cells, which can produce collagen and 

other fibers

- Upregulate the tropoelastin mRNA gene expression and elastin 

production by chronic UV radiation 

- Overexpress the cadherin 11 resulting in an increase of MMP-1 
and MMP-2 expression and basement membrane disruption 

- Increased expression of stem cell factor

Mast cells - Inflammatory cells that mediate inflammatory responses 

- The granules contain of several cytokines such as tryptase 

and histamine, which can be stimulated by the UV exposure

- Tryptase can activate the pro-collagenase enzymes leading to 

collagen degradation and elastotic materials 

- Produce VEGF leading to neovascularization 
- Produce inflammatory mediators such as TNF-α, TGF-β, IL-8

Abbreviations: IL-8, interleukin-8; MMP, matrix metalloproteinase; mRNA, messenger ribonucleic acid; TGF-β, transforming growth factor-β; TNF-α, tumor necrosis 
factor-α; UV, ultraviolet; VEGF, vascular endothelial growth factor.
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Cadherin 11 was suspected to be the key to basement 
membrane disruption in melasma. Cadherin 11 (CDH11) is 
expressed in dermal fibroblasts and keratinocytes but not 
in melanocytes. Overexpression of CDH11 in fibroblasts 
increases matrix metallopeptidase (MMP-1 and MMP-2) 
expression in fibroblasts and MMP-9 expression in kerati
nocytes. Accordingly, the increase in MMP-2 and MMP-9 
activities could degrade type IV collagens and disrupt the 
basement membrane. In the same way, MMP-1 also 
destroys type I collagen in the dermal layer.6

Pendulous Melanocytes
The term pendulous melanocytes refers to melanocytes that 
protrude into the dermal layer (Figure 2B). The mechanism 
of this phenomenon has not been well elucidated, but some 
pieces of evidence have shown that they are related to the 
hyperactivity of melanocytes. Moreover, the means of base
ment membrane disruption were discussed in reference to the 
effect of this event. The loss of the basement membrane is a 
result of the increase in MMP-2 expression, which may be 
influenced by chronic UV exposure.3 In addition, cadherin 
mediates the process of adhesion between keratinocytes and 
melanocytes for intercellular signaling. Once melanocytes 
lose their cadherin expression due to chronic UV exposure, 
keratinocytes cannot control them. Melanocytes can then 
migrate deeper into the tissue below.7

According to a previous study that tried to demonstrate the 
effect or position of melanocytes after UV irradiation, low 
doses (20 J/cm2) of UVA1 (340–400 nm) caused pendulous 
melanocytes to protrude into the dermis without losing contact 
with the basement membrane. In comparison, higher doses (60 
J/cm2) led to the migration of melanocytes into the dermis, 

which could be detected more than four years later.8 The term 
pendulous melanocytes, referring to the hyperactivity of mel
anocytes, was indirectly found in one study. That study aimed 
to specify the histology and ultrastructure of café au lait spots, 
one of the abnormal dermal hyperpigmentary disorders. 
Interestingly, the results revealed numerous pendulous mela
nocytes, while an observation of ultrastructure using electron 
microscopy was performed at the subcellular level and 
depicted the unique characteristics of pendulous melanocytes. 
These distinct cells also contained increased lipid droplets, 
mitochondrial dilatation, and melanosomal autophagic 
vacuoles, which can be implied to promote melanogenesis.9

Many studies have found more significant pendulous 
melanocytes beneath melasma lesions. A Korean study in 
2011 showed that prominent pendulous cells overlying the 
dermo-epidermal junction were found in 5 of 11 lesional 
skin samples and 1 of 11 perilesional normal skin samples. 
These cells were confirmed by immunofluorescence to be 
melanocytes.10 Likewise, a study from India in 2019 found 
that the proportion of pendulous melanocytes was signifi
cantly higher in lesional biopsies than in perilesional biop
sies (76% vs 42%, P < 0.001).11 Although these studies 
claimed that pendulous melanocytes were the characteris
tic feature of melasma, their clinical significance was 
unclear. It might be the prognostic factor for increasing 
the risk of postinflammatory hyperpigmentation followed 
by certain procedures, such as laser treatment.

Melanophages
Melanophages are melanin-containing macrophages found in 
pigmented skin lesions. They are approximately 20 to 70 µm 
in diameter and contain a large vesicular nucleus (often with a 

Figure 2 Histopathologic change in the dermis of lesional melasma. (A) Melanin deposition in the epidermis and solar elastosis in the dermis (arrow) (Hematoxylin and 
Eosin, HEx100) (B) pendulous melanocytes in the basal layer of epidermis (arrow) and increased dermal melanophages (arrowhead) (HE x400).
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single nucleolus) and phagocytized melanin in cytoplasmic 
granules.12 Several melanosomes are similar to the lysosomes 
of other organ-specific cells, such as the liver or pancreas. 
Active melanophages are rich in acid phosphatase, differing 
from active melanocytes, which are abundant in oxidative 
enzymes. The melanin granules of melanophages are also 
within phagocytic vacuole-like lysosomes, which are irregu
larly spheroid in shape and variable in size.13

Melanophages in melasma lesions may differ in differ
ent cases.14 Melasma lesions contain more free melanin 
and melanophages in the dermis (Figure 2B). In a recent 
study in 2019, the use of noninvasive multiphoton micro
scopy (MPM) to clarify melanin-containing cells within 
melasma lesions revealed different patterns of dermal 
melanophages classified by their sizes and distributions. 
There were four subgroups: 1. clusters of small melano
phages (10–15 μm), 2. clusters of large melanophages 
(15–20 μm), 3. dendritic melanophages, and 4. individual 
melanophages. The results also showed that melanophages 
were more commonly associated with dermal or mixed 
types of melasma than epidermal types.15

Few studies have shown that melanophages are not sig
nificantly increased in melasma lesions compared to perile
sional areas due to the distribution variation in different 
cases. Nevertheless, they suggested a trend of increasing in 
the lesions compared to the perilesional areas.16

Stem Cell Factor and c-KIT Receptor
Stem cell factor is a growth factor that exists both as a 
membrane-bound and soluble form and is known as the 
cytokine of mitogenic factors for human melanocytes. In 
the dermal layer, the soluble form is more abundant. Stem 
cell factors can also promote the proliferation, migration, 
survival, and differentiation of hematopoietic progenitors 
or germ cells. It can stimulate the DNA synthesis of 
human melanocytes through tyrosine kinase ligand–recep
tor-mediated signal transduction pathways.

Moreover, it is known as a mast cell growth factor, 
steel factor, or KIT ligand.17 Mutations in stem cell factors 
can cause anemia, a lack of mast cells, and the disappear
ance of pigmentation. In our field of dermatology, stem 
cell factor is secreted by keratinocytes and fibroblasts, 
which stimulate the proliferation of human melanocytes.

The c-KIT receptor is a type III tyrosine kinase recep
tor involved in several diseases, such as cancer. Activation 
of the c-KIT receptor leads to autophosphorylation, fol
lowed by initiation of signal transduction.17 The c-KIT 
receptor is located on the melanocyte cell membrane and 

is essential in melanogenesis by activating the MAPK/ 
ERK cascade and then upregulating MITF expression.18

An in vitro study found that UVB light exposure can 
upregulate the transcription and expression of stem cell 
factor and c-KIT receptor within cultured human keratino
cytes and melanocytes. c-KIT transcription in melanocytes 
was markedly increased in a dose-dependent manner at 40 
mJ/cm2. At the same time, stem cell factor was found 
more after UVB radiation within the epidermis in the 
stratum spinosum layer.19 Another study from Taiwan 
also proposed that fibroblasts with stem cell factor dys
function affect melanocytes in melanin production under 
UVB stimulation. Therefore, they suggested that the role 
of stem cell factors secreted by fibroblasts could be a 
paracrine factor that functions in melanogenesis.20

In melasma lesions, several studies concluded that higher 
expression of stem cell factor and c-KIT receptor was more 
often observed within the lesional sites than in the perile
sional areas.11,21,22 An increase in stem cell factor expression 
was reported more often in the dermis layer of the lesions, 
whereas in perilesional skin, its presentation was lacking, as 
detected by immunohistochemistry. Significantly, the 
increased expression was found to be greater near the dermal 
fibroblasts and around blood vessels. In addition, expression 
of c-KIT was more remarkable in melasma lesions, and 
c-KIT-positive basal cells, which protruded into the dermis, 
were also frequently observed. Moreover, the number of 
c-KIT-positive cells and the amount of c-KIT expressed per 
cell were increased in lesional skin. In addition, dermal 
fibroblasts were more frequently observed.22

Solar Elastosis
The term solar elastosis is characterized by the changing or 
aggregating of elastotic components in the dermis layer 
(Figure 2A). The pathophysiology of solar elastosis is not 
entirely clear. Chronic UV radiation, including other types of 
artificial light, such as incandescent and fluorescent bulbs, 
has been discussed as a common cause of the condition.23

The mechanism of this condition is UV radiation. Some 
studies reported that chronic exposure can upregulate tropoe
lastin mRNA gene expression in fibroblasts, producing more 
elastin. In contrast, chronic inflammatory cell infiltration due 
to repetitive exposure upregulates various proteinase enzymes 
known as matrix metalloproteinases (MMPs), such as collage
nase and gelatinase. Therefore, these enzymes may have a role 
in disrupting the elastic fiber network in the dermal layer.24 In 
addition, the role of granule release from mast cells is a factor 
in solar elastosis. When UV radiation activates mast cells, they 
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degranulate their contents, and they bind with pro-collagenase 
enzymes within the dermal layer. Finally, the active form of 
the enzyme is created, resulting in the degradation of collagen 
fibers.25

From histopathology, photodermal aging typically has 
been shown to involve dermal thinning due to a decrease 
in fibroblast number, reduced collagen synthesis, and 
increased UV-induced collagen degradation.26 In response 
to these effects, the dermal elastin network is destroyed. 
Consequently, elastin synthesis decreases, and the elastic 
fibers will become increasingly degraded.27 Finally, the 
degradation of fibers leads to the deposition of elastotic 
materials in the dermis layer. The histopathology may 
show only the twisted, coarse elastic fiber in the earliest 
stage of solar elastosis. Nevertheless, in the end, the 
damage could be seen as nodular basophilic or amorphous 
masses of accumulative materials in the upper dermis.

In some studies that showed that melasma patients had 
an increase in solar elastosis compared to nonaffected skin, 
there were abundant elastotic materials compared to non
affected skin in a Mexican study (13.3 ± 2.8% vs 10.2 ± 
2.9%, P < 0.001)1 and significantly more severe solar 
elastosis in the inflammatory group than in the noninflam
matory group (2.55 ± 0.60 vs 4.00 ± 0.43, P<0.001), which 
was observed in a Korean study.21 Another Mexican study 
showed a significantly higher degree of solar elastosis in 
melasma skin than in perilesional skin (83% vs 29%, p < 
0.05), and the authors discussed the correlation between 
solar elastosis and melasma as the cumulative sun expo
sure and the presence of mast cells, which may participate 
together and synergize their substrates and products.3

In recent years, some emerging studies suggested the 
term senescent fibroblasts, which refer to the aging fibro
blasts as the pathophysiology of melasma. The senescent 
fibroblasts can be induced by the repetition of UV exposure 
including UVA and UVB and then secrete more melanogenic 
cytokines, stem cell factor (SCF), and extracellular matrix 
controlling factors.28 Moreover, the senescent fibroblasts 
have been proposed to a role in age-related pigmentary dis
orders such as senile lentigo.29 In parallel, melasma, which is 
related to the photo-aged skin, was found to have more 
senescent fibroblasts in the dermis compared to the perile
sional normal skin while the reduction of these cells also 
helped in the improvement of pigmentation.30

Therefore, to challenge with sophisticated long-lasting 
melasma, the collection of solar elastosis and changing of 
fibroblast cells can diminish the pigmentation and promote 
skin tightening.

Mast Cells
Mast cells are inflammatory cells that mediate inflamma
tory responses, such as hypersensitivity or allergic reac
tions. They also store many different chemical mediators, 
such as histamine, interleukins, proteoglycans, or other 
enzymes, in their granules, which float within the cyto
plasm. When some allergens have activated mast cells, 
they will begin degranulation, and chemical mediators 
will be released.

Many studies on the histopathology of melasma have 
demonstrated an increase in mast cells within the dermal 
layer.1 The association between the proliferation of mast 
cells and melasma is not entirely explicit. Mast cells can 
play a role in both UV-induced photoaging and melano
genesis through the mechanism of histamine and tryptase 
release.31,32 Histamines are released after UV radiation 
exposure and bind with H2 receptors on melanocytes, 
leading to stimulation of cAMP and subsequent protein 
kinase A activation, inducing melanogenesis.31 Tryptase is 
a protease enzyme that is stored in mast cell granules. 
When mast cells degranulate, tryptase changes the pro- 
collagenase enzyme (proMMP-3, proMMP-1) to the active 
form,33 resulting in collagen fibers degradation and the 
skin will suffering a loss of elasticity.32

Some studies have shown that growth factors are asso
ciated with histamine-induced melanogenesis. Growth-dif
ferentiation factor 15 (GDF-15), also known as 
macrophage inhibitory cytokine-1, is a protein within the 
group of transforming growth factor-beta (TGF-β) that 
regulates the inflammatory and apoptotic pathways in 
injured tissues.34 An in vitro study also reported that 
after histamine treatment in melanocytes, expression of 
tyrosinase (TYR), tyrosinase-related peptide 1 (TRP-1), 
tyrosinase-related peptide 2 (TRP-2), and GDF-15 was 
increased. In contrast, when the GDF-15 gene was 
silenced, histamine-induced expression of tyrosinase, 
TRP-1 and TRP-2 was suppressed. This might imply that 
GDF-15 is associated with this process. Moreover, the 
results also emphasized histamine receptor-2 (H2-recep
tor), which may play a role in this complex.35

In addition, mast cells can produce angiogenesis fac
tors or cytokines, leading to neovascularization within the 
melasma lesions. Mast cells release angiogenic factors by 
exocytosis. There are several angiogenesis cytokines, such 
as vascular endothelial growth factor (VEGF), fibroblast 
growth factor 2 (FGF-2) etc.36
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Neovascularization
Angiogenesis is the process of new vessel creation, the process 
activated by angiogenic factors through endothelial cells to 
increase new blood vessels. Angiogenic activators, such as 
vascular endothelial growth factor (VEGF), basic fibroblast 
growth factor (bFGF), transforming growth factor (TGF)-α or 
TGF-β, platelet-derived endothelial growth factor, etc. can be 
generally found within normal tissue, including in the skin. 
Vascular endothelial growth factor (VEGF) is an essential 
factor in this process. In adults, the process of neovasculariza
tion is activated by VEGF-A. It can bind with several recep
tors, including the transmembrane tyrosine kinase receptors 
VEGF receptor-1 (VEGFR-1, Flt-1) and VEGF receptor-2 
(VEGFR-2, flk-1/KDR).37 VEGFRs are tyrosine kinase recep
tors (TKRs) that play essential physiological and pathological 
roles in angiogenesis, especially tumor angiogenesis. After 
binding between vascular endothelial growth factor (VEGF) 
and VEGF receptor-2, the complex activates the Raf-MEK- 
MAP kinase through a protein kinase C-dependent pathway, 
leading to DNA synthesis.38

VEGF production can be increased by keratinocyte 
activation; several factors regulate this process, such as 
UV radiation. After UV radiation, keratinocytes are stimu
lated to upregulate VEGF through multiple mechanisms.39 

Surprisingly, melanocytes were found to express VEGF 
receptor-2, which binds more strongly with VEGF. 
However, some studies did not demonstrate any changes 
in melanocytes after complex binding, such as prolifera
tion or differentiation. Therefore, the role of VEGF in 
melanocyte activation is still undetermined.40

One study observed an increase in vascular density 
within melasma lesions. Some pigmented lesions 
exhibited more intense erythema. 
Immunohistochemistry revealed increased vessel den
sity and size, together with increased VEGF 
expression.41 From the results above, the dramatic 
increase in VGEF might be due to stimulation by UV 
radiation or other factors. In addition, VGEF plays a 
role in plasminogen activators, which also significantly 
promoted tyrosinase activity, melanocyte size, and ulti
mately hyperpigmentation effects.42

Other Non-Skin Biopsied Tissues Images
Although skin biopsy for histopathology is the most pop
ular method for dermal tissue differentiation in melasma, 
there are several disadvantages, especially in cosmetic 
conditions, for example, the patients may suffer from 
unnecessary pain and increase the risk of scar formation. 
Thus, some studies tried to use the non-invasive dermal 
examination such as reflectance confocal microscopy 
(RCM) to identify the ultrastructure beneath dermal 
melasma.

The recent non-skin biopsy studies performed RCM 
and multiphoton microscopy (MPM) to evaluate the 
ultrastructure beneath the dermal layer of melasma. 
Prior to the results, RCM demonstrated a presence of 
melanophages, solar elastosis, and an increase in blood 
vessels, compared with the perilesional skin. While 
MPM showed only a presence of solar elastosis within 
the dermis (Table 2).

Table 2 The Dermal Pathology in Melasma Studies by the Non-Skin Biopsy Procedure

Authors/Country N Patients Procedures Result P-value

Sex Skin 
Phototype

Methods Location Comparison

Kang et al (2010) 

France43

26 No data Type II–V RCM Face Perilesional 

areas

- Increased melanophages 

- Solar elastosis 

- Increased blood vessels

0.001 

0.006 

0.038

Costa et al (2012) 

Brazil44

1 Female Type IV RCM Face None - Melanophages N/A

Lentsch et al (2019) 

USA15

12 Female Type III–V MPM Face Perilesional 

areas

- Higher pigment amount in 

lesional skin epidermis 
- Increased solar elastosis

0.03 

< 0.001

Zeng et al (2020) 
China45

196 163 
Female

No data RCM Face Normal skin - Melanophages N/A

Abbreviations: MPM, multiphoton microscopy; N/A, not available; RCM, reflectance confocal microscopy.
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Further Clinical Application from Dermal 
Changes in Melasma
Due to the complex pathophysiology of melasma, the 
condition may need some distinctive agents or modalities 
to be tackled. Regarding the treatments of melasma, there 
are some targets of dermal changes in melasma, which 
have been up-to-date discovered to have a benefit for 
instance; pendulous and hyperactive melanocytes, solar 
elastosis, mast cells, and neovascularization (Table 3).

Conclusion
Histopathological changes in the dermis, including basement 
membrane disruption, pendulous melanocytes, melanophages, 
mast cells, stem cell factor and c-KIT receptor, solar elastosis, 
and neovascularization, may play a role in the pathogenesis of 
melasma. These findings could serve as potential target treat
ments since this condition is often recalcitrant and requires a 
multimodal approach. According to this review, the specific 
dermal changes of melasma in the aspect of treatments can be 
divided into hyperactive melanocytes, solar elastosis, mast 
cells, and neovascularization. For hyperactive melanocytes, 
some conventional and novel anti-tyrosinase agents can be 
helpful. Retinoids and energy-based devices such as fractional 
2940-nm erbium:YAG, Low-fluence 1064-nm Q-switch ND: 
YAG, 1550-nm erbium glass laser may collect and restore 
solar elastosis. While mast cells and neovascularization are 
regressed by the tranexamic acid and pulse dyed laser, respec
tively. Including primitive agents, anti-histamine may inhibit 
the effect of mast cells. However, further studies regarding the 
efficacy of each modality in the treatment of dermal melasma 
may need more investigated.
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