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Background/Objectives: Although melasma is highly prevalent, its pathogenesis is not yet fully understood. In the skin, endothelin-1
(ET-1) is primarily produced by keratinocytes in response to UVB exposure, which is mediated by an increase in IL-1a or reactive oxygen
species. ET-1 plays a role in melanogenesis by binding to specific receptor B (ERB) or receptor A (ERA). However, the expression of ET-
1, ERA, and ERB in melasma has not been systematically investigated. The objective of this study was to evaluate the expression of ET-1,
ERA, and ERB in facial melasma compared to the adjacent unaffected skin.

Methods: Cross-sectional study, with 40 skin samples (20: facial melasma; 20: adjacent unaffected skin) from women with facial
melasma without treatment for 30 days except for sunscreen. A triple staining immunofluorescence technique was performed for anti-
vimentin, DAPI, plus one of the following antibodies: (a) anti-ET1, (b) anti-ERA; (c) anti-ERB. Interfollicular areas on the slides of
each topography (melasma; unaffected skin) were photographed in triplicate under confocal laser microscopy. The mean staining
intensities of the image histograms (0-255 pixels intensity) were estimated for different types of cells (suprabasal keratinocytes, basal
layer, and upper dermis) and were blindly compared between topographies.

Results: The mean (SD) age of the participants was 44.9 (9.2). The expression of ET-1 was increased in the whole epidermis with
melasma when compared to the adjacent skin, being 32.8% (CI95% 14.7%—52.6%) higher in the spinous layer (p=0.013), 30.4%
(CI95% 13.7%-47.9%) higher in the basal layer (p=0.014), and 29.7% (CI95% 11.4%—49.7%) higher in the melanocytes (p=0.006).
There was no noticeable expression of ET-1 within the cells on the upper dermis. Neither ERA nor ERB resulted in differential
epidermal expression between melasma and unaffected skin (p>0.1).

Conclusion: ET-1 is expressed more intensely on the epidermis from the skin with facial melasma compared to the unaffected
adjacent skin.
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Introduction
Melasma is a chronic, acquired hypermelanosis with a multifactorial aetiology that mainly affects the faces of women
during their childbearing years. Although melasma is highly prevalent, its pathogenesis is not yet fully understood.’
Sunlight exposure is the most relevant environmental trigger in its pathogenesis.” However, the exact role of different
wavelengths of solar radiation and the combined effects of these wavelengths are not acknowledged.’

Ultraviolet radiation (UVR) plays both a direct and indirect role in the melanogenesis process. It specifically
stimulates melanocytes to produce melanin and also activates keratinocytes, mast cells, and fibroblasts, which paracrin-

ally regulate melanogenesis.* Exposure to UVR upregulates the production of basic fibroblast growth factor, endothelin-1
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(ET-1), and GM-CSF (Granulocyte-Macrophage Colony Stimulating Factor) by keratinocytes, which in turn also
stimulate the growth of melanocytes.”®

ET-1 is a 21-amino acid peptide encoded by the EDNI gene and expressed by various cell types, including immune cells,
endothelial cells, neurons, and keratinocytes.” Among the three endothelins described, ET-1 is the most abundant. When
synthesized by endothelial cells, it acts as a potent vasoconstrictor and has been associated with the pathophysiology of several
vascular diseases.'® In addition to being enhanced in the skin of patients with atopic dermatitis and psoriasis, ET-1 has been
shown to induce pruritus in mice and humans via a histamine-independent mechanism.”'"'? ET-1 is also a keratinocyte-derived
factor that stimulates nearby melanocytes by binding to its receptor, either endothelin receptor A (ERA) or endothelin receptor
B (ERB). This binding activates intracellular signaling cascades, which regulate melanocyte proliferation and melanogenesis,
throughout ERB activation."

In vitro studies have shown that treatment with ET-1 in a culture system of sheep skin melanocytes increases the
number of melanocytes and melanin content. Furthermore, the expression of microphthalmia-associated transcription
factor (MITF), melanocortin 1 receptor (MC1R), tyrosinase (TYR), and endothelin receptor B (ERB) in melanocytes was
upregulated by ET-1."

In humans, the expression of ET-1 and its receptor ERB are increased in senile lentigos, and ET-1 has been shown to induce
melanogenesis and increase melanosome transport from melanocytes to keratinocytes. Inhibition of ERB function substan-
tially reduces melanogenic ability in tissue-cultured senile lentigos. ET-1 also upregulates the expression of components
necessary for early melanosome formation in these lesions, indicating its counteraction against autophagy-targeting melano-
some degradation in melanocytes.'> Enhanced expression of keratinocyte-derived ET-1 has also been associated with
hyperpigmentation observed in other diseases, such as pigmented basal cell carcinoma and seborrheic keratosis.'®'®

The expression of ET-1, ERA, and ERB in melasma has not been systematically explored to date. Therefore, the
objective of this study was to evaluate the expression of ET-1, ERA, and ERB in the epidermis and upper dermis from

facial melasma and compare it with the unaffected adjacent skin.

Methods

The protocol was approved by the Institution’s Ethics Committee from Unesp Medical School, and all the participants
signed the consent form. The study complies with the Declaration of Helsinki.

Twenty women with facial melasma (moderate to severe mMASI - modified Melasma Area and Severity Index),
clinically diagnosed by a qualified dermatologist, without treatment for at least 30 days, except for the sunscreen use,
were enrolled in the study. They were selected among patients treated at the Hospital das Clinicas da Faculdade de
Medicina de Botucatu - FMB/Unesp.

Patients with concomitant facial dermatoses, photosensitive dermatoses, collagenosis, blood dyscrasias, or those using
anticoagulant medication, immunosuppressive drugs, pregnant, or lactating women were excluded from the study.
Phenotypic extremes, such as individuals with red hair or intensely dark skin, were also excluded since melasma is
rare in these groups.

Clinical and demographic information were required from these participants. Two skin samples were obtained from
each participant using a 3mm punch biopsy under local anesthesia (lidocaine 2%). One sample was taken from the facial
melasma lesion, and the other was taken from adjacent unaffected skin that was exposed to UV radiation (with
a maximum distance of 2cm from the lesion, having been evaluated clinically and with the aid of dermoscopy to define
the limits of pigmentation). The samples were fixed in 10% buffered formalin and embedded in paraffin for histochemical
staining (H&E) and immunofluorescence.

A triple immunofluorescence staining technique was performed on each skin sample using anti-vimentin (ab8978 /
1:100) and DAPI (ab104139/ 1:1), in addition to one of the following antibodies: (a) anti-ET1 (ab113697/ 1:100), (b)
anti-ERA (ab76259: 1/500), or (c) anti-ERB (ab117529: 1/100). Vimentin is an intermediate filament of 52-58 kD
expressed in both benign and malignant melanocytes, as well as being the primary intermediate filament of fibroblasts.
Standardization of immunofluorescence protocols involved titrating the lowest concentration of antibodies that could be

detected on slides of positive controls.
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The areas with the highest fluorescence intensity on the slides from each location (melasma and unaffected skin) were
captured using confocal microscopy equipment, specifically the LEICA TCS SPS8, which was equipped with a laser with
emission at 405, 488, 552, and 638 nm, as well as two photomultiplier-type detectors and a hybrid-type detector that
allowed for the simultaneous acquisition of numerous fluorescence channels. TIFF-format images with a resolution of
813x813 pixels were saved for each marker channel.

In regular interfollicular areas, a quantitative analysis was performed in a blinded manner, without knowledge of the location
of the sample (melasma or adjacent healthy skin), in suprabasal keratinocytes, basal layer melanocytes, and upper dermal
fibroblasts. Melanocytes and dendritic cells of the upper dermis were stained with vimentin (red fluorescence) while cell nuclei
were stained with DAPI (blue fluorescence), enabling topographic orientation of markings by ET-1, ERA, and ERB (green
fluorescence).

To evaluate the pixel intensity associated with the fluorescence of the primary antibody, standardized photos (regarding
laser intensity) were taken. The average color histogram intensity (ranging from 0 to 255 shades of gray) within the cytoplasm
of the target cells was computed across various sites. These intensities were adjusted by dividing the cytoplasmic intensity by
the background intensity (represented by the black area) for each photograph, yielding the relative pixel intensity, which
served as the primary outcome of this study. Therefore, a relative intensity of 30 represents a semi-quantitative measurement
indicating that the cytoplasmic intensity of the antibody is 30 times greater than that of the dark background.

The thickness of the epidermis was calculated by digital histomorphometry. ImageJ 1.51 was the software used for the
semiquantitative digital analysis.

Statistical Analysis
The normality of the data obtained was assessed using the Shapiro-Wilk test.'” Data were compared between topo-
graphies using a linear model generalized mixed effects, with robust covariance structure, distribution of probability
adjusted to each sample (normal or gamma) and post hoc analysis by the sequential Sidak algorithm.*°

The correlation between the fluorescence of ET-1 and histomorphometric parameters was assessed by the Spearman
rank correlation coefficient.”’

The analysis was performed using the IBM SPSS 22v software, and significance was defined for p<0.05.** The
sample size was based on the expectation of difference between the topographies of more than 20% of the expressions
among the sampled skins, with alpha 0.05 and beta 0.2.

Results
The main clinical and demographic information from the 20 participants are presented in the Table 1.

The relative fluorescence of ET-1 in whole epidermis was higher in melasma, than in the adjacent skin (Figures 1 and 2,
Supplementary Table 1), being 32.8% (CI95% 14.7%—52.6%) higher in the spinous layer (p=0.013), 30.4% (CI95%
13.7%—47.9%) higher in the basal layer (p=0.014), and 29.7% (CI95% 11.4%—49.7%) higher in the melanocytes
(p=0.006). Neither ERA nor ERB resulted in differential epidermal expression between melasma and unaffected skin (p>0.1).

There was no relevant fluorescence in upper dermis for ET-1, ERA, and ERB.

Table 1 Main Clinical and Demographic Data from
the Participants (n = 20 VWomen)

Variables Values
Age (in years), mean (SD) 449 (9.2)
Skin phototype, n (%)
1l 8 (40%)
1] 5 (25%)
IvV-v 7 (35%)
Age of disease onset, mean (SD) 33.3 (10.8)
mMASI¥, mean (SD) 4.0 (2.4)

Abbreviation: *mMASI, Modified Melasma Area and Severity Index.
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Figure | Relative fluorescence (ET-1, ERA, and ERB) in the cytoplasm of cells from the epidermis in facial melasma and in the adjacent photoexposed nonlesional skin

(n = 20 women). *¥p<0.05.
Abbreviations: HE, high epidermis (spinous and granulous layers); LE, lower epidermis (suprabasal); MEL, melanocyte.

Figure 2 Overlapping direct immunofluorescence images in melasma: cytoplasmic labeling of melanocytes and keratinocytes (% 100). Anti-endothelin-|—green; vimentin—red; 4,
6-diamidino-2-phenylindole—blue.

There was a positive correlation between the expression of ET-1 in the epidermis of melasma with the thickness of the
epidermis (rtho=0.51; p=0.02), and with age (rtho=0.58; p=0.01), but not with mMASI scores (rho=0.18; p=0.45), nor with
the receptors ERA and ERB (p>0.3).

Discussion

Our study demonstrated that ET-1, derived from keratinocytes and melanocytes in the epidermis, is overexpressed in skin
with melasma compared to adjacent non-lesional skin exposed to sunlight. This suggests that epidermal ET-1, but not
from upper dermis, may play a role in the augmented melanogenesis observed in melasma.'>*

Upon exposure to UV radiation, endothelin is produced in the epidermis, which in turn stimulate the ET1-ERB
pathway in melanocytes, which is prolonged up to 10 days after UVB exposition.>* This pathway modulates MITF
phosphorylation, leading to pigmentation. However, the inhibition of ERA does not result in melanogenesis.?>** Our
results suggest that there is an increase in ET1 expression in the epidermis of skin with melasma, but without
a compensatory increase in the expression of ERB or ERA receptors.

Endothelin receptors are G-protein coupled receptors expressed on the surface of melanocytes and play a critical role
in their survival and homeostasis. During prenatal life, ERB is the receptor for ET-3 and is expressed on melanoblasts. In
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postnatal life, ERB is the main receptor for ET-1, which has the same binding affinity and effects as ET-3. Activation of
ERB by ET-1 leads to increased intracellular Ca®>" mobilization and PKC activity.’

Extensive research on ET-1 has primarily focused on endothelial secretion, given that it is a potent vasoconstrictor
agent. In the epidermis, melanogenesis, keratinocyte proliferation, pruritus and pain can be mediated by ET-1.°%? It is
a relevant cytokine in the pathogenesis of pigmented seborrheic keratosis, lentigo senilis and pigmented basal cell
carcinoma.'®>%*! Our study confirmed the higher expression of ET-1 in the epidermis in sites with increased melanogen-
esis (melasma) and it was correlated with greater epidermal thickness.

UV irradiation induces a dose-dependent increase in melanocyte dendritic percentage and dendrite length, which is
promoted by keratinocyte-derived ET-1.> However, in vitro irradiation of endothelial cells with UVB or UVA leads to
a more intense synthesis of SCF (stem cell factor), which is also a pro-melanogenic factor. In another study, the use of
590 nm LED light, which targets vascular components, led to an improvement in skin pigmentation and erythema in
melasma patients by inhibiting the expression of vascular growth factors and SCF in dermal endothelial cells.*

Despite the presumable role of dermal ET-1 produced by endothelial cells from the prominent vascular component in the
upper dermis in melasma, epidermal ET-1 is more relevant for melanogenesis in healthy and melasma skin. The present
study reinforces this finding, as it did not show noticeable ET-1 expression in the upper dermis from photoexposed skin
samples, neither in melasma nor in the unaffected adjacent skin. However, fibroblasts from melasma display a senescent
phenotype and overexpress ET-3, which also activates ERB, contributing to the sustained melanogenesis in melasma.**

ET-1, as well as keratinocyte plasmin, has been identified as a target of tranexamic acid (TA) in topical formulations that have
shown promising results in clearing melasma.* Given the limited skin penetration of topical formulations, targeting the epidermis
rather than the dermis may be the key to the positive results observed in this therapy approach, which is consistent with our
findings. Other agents which acts as direct ET-1 inhibitors are being prospected as potential treatments for pigmentary
disorders.***” To date, no specific topical ERB blockers are available, while potent ERA antagonist (eg, bosentana) have no
role in melanogenesis.

Recently, sebocytes have been demonstrated to be responsible for some epidermal ET-1 production, as well as the
secretion of other inflammatory mediators, melanogenic factors, and senescence markers observed in melasma. This
discovery makes sebocytes a potential target for treatment.*®

As melasma is more prevalent among women at childbearing age, some researchers suggest that estrogen can regulate
the production of endothelin-1 in skin cells by modulating the activity of enzymes involved in the synthesis and
degradation of ET-1. In addition, estrogen can also modulate the sensitivity of skin cells to the effects of ET-1.
Nevertheless, the interaction between estrogen receptors (through the noncanonical pathway) and endothelin-1 in the
skin is complex and still not fully understood.***°

Melasma skin present a reduced autophagy in basal layer melanocytes compared to the adjacent unaffected skin.*!
Furthermore, ET-1 also induces a decrease in autophagy, which is well documented in cardiac hypertrophy and
contractile dysfunction and can be another action in melasma skin.*?

Other changes found in melasma skin are damage to the basement membrane zone, including disruptions, gaps, lower
density and thinning in the lamina densa and damage in anchoring fibrils from lamina lucida, in addition to an increase in
oxidative stress in upper dermis.**** There is a proinflammatory and cellular repair environment in melasma skin, which
may contribute to maintaining the increase in ET-1 in the epidermis, as it is also released in repair situations.*®

The leading hypothesis behind the overexpression of ET-1 in the epidermis of melasma is associated with the local
production of nitric oxide (NO). The oxidative and proinflammatory conditions in the upper dermis stimulate NO release,
resulting in vasodilation.*” ET-1 is produced as a countermeasure to the vasodilatory effects induced by NO and other
inflammatory mediators. Given the increased expression of iNOS in melasma-afflicted skin, which leads to heightened local
NO production, there is a potential for sustained production of ET-1 to counteract the effects of NO, leading to a sustained
hipermelanogenesis.*®** A study that concurrently examines the skin expression of ET-1 and NO is warranted.

This study is limited in that only women were included, although this does ensure homogeneity of the sample.
Furthermore, the overall severity of melasma, as assessed by the mMASI score, is not particularly high. However, this
factor does not undermine the likelihood of detecting a significant difference among the examined topographies.
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Additional research is required to explore the underlying mechanisms responsible for the overexpression of ET-1 in

melasma. Moreover, it is crucial to develop therapeutic approaches that specifically target epidermal ET-1 to achieve

efficient depigmentation and long-term resolution of melasma.

Conclusion
The expression of ET-1 is more pronounced in the epidermis of facial skin affected by melasma compared to the adjacent

unaffected skin.
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