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Melanin is a complex pigment that provides colour and photoprotection to the skin, hair, and eyes of mammals.

Melanogenesis, the process through which melanocytes synthesise melanin, can be altered, producing pigmentary

skin disorders such as melasma which result in hyperpigmentation. Melanocytes are highly specialised dendritic

cells that transfer melanin to keratinocytes in subcellular lysosome-like organelles called melanosomes, where

melanin is synthesised and stored.
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1. Introduction

Melanin is a complex pigment that provides colour and photoprotection to the skin, hair, and eyes of mammals.

Melanogenesis, the process through which melanocytes synthesise melanin, can be altered, producing pigmentary

skin disorders such as melasma which result in hyperpigmentation. Melanocytes are highly specialised dendritic

cells that transfer melanin to keratinocytes in subcellular lysosome-like organelles called melanosomes, where

melanin is synthesised and stored. Fitzpatrick and Breathnach proposed in 1963 the “epidermal melanin unit”. This

concept consisted of the interaction of 1 melanocyte and approximately 36 keratinocytes to produce pigmentation.

More recently, the keratinocyte–Langerhans–melanocyte (KLM) unit has been proposed, which does not exclude

the possibility of including other epidermal cells .

Several studies have suggested different mechanisms for the melanosome transfer such as cytophagocytosis,

membrane fusion, shedding–phagocytosis, and exocytosis–endocytosis . Melanogenesis can be regulated by

genetic, environmental (ultraviolet (UV) radiation) and endocrine factors (pregnancy and ageing) . Knowledge of

the pigmentation process is important for designing bleaching products to treat skin hyperpigmentation.

2. Main Signalling Pathways in Melanogenesis

The SCF-c-KIT receptor tyrosine kinase pathway is also involved in pigmentation. Stem cell factor (SCF), a

paracrine factor located in fibroblasts, binds to its tyrosine kinase receptor c-KIT, which is produced by

melanocytes, leads to the activation of the Ras-MAP kinase signalling pathway and the regulation of MITF by

phosphorylation .

Protein kinase C (PKC)-dependent signalling regulates melanogenesis by activating the PKCβ isoform via calcium

and diacylglycerol (DAG), its endogenous activator. UV radiation (UVR) induces DAG formation in melanocyte
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membranes, causing its translocation from the cytoplasm to the membrane, where it upregulates PKCβ, which then

phosphorylates and activates tyrosinase. The receptor for activated C-kinase (RACK) controls the translocation of

PKC isoforms to specific cellular compartments. The translocation of the PKA/RACK complex to the melanosome

membrane leads to tyrosinase activation in human melanocytes . Furthermore, the MITF-M isoform has been

proposed as a key transcription factor for PKCβ, linking PKC- and cAMP-dependent signalling in the regulation of

melanogenesis .

Hyperpigmentation is common after inflammation, although the mechanisms involved are not clear. Keratinocyte-

derived paracrine factors such as interleukin (IL)-18, IL-33, granulocyte-macrophage colony-stimulating factor (GM-

CSF), prostaglandin E2 and prostaglandin F2α stimulate melanogenesis, while tumour necrosis factor (TNF), IL-6

and IL-1α can inhibit melanogenesis. Fibroblasts also secrete paracrine factors that can induce melanogenesis,

such as IL-33, prostaglandin E2 and prostaglandin F2α, as well as inhibitors of melanogenesis, such as TNF and

IL-6 .

Eumelanin and pheomelanin bind to cations, anions and drugs, among other things, providing protection to

melanocytes .

3. Key Pathways in Melasma

It is well known that the main inducer of melanogenesis is ultraviolet radiation (UVR). In keratinocytes and the

photoreceptor cells located in the external layer of the epidermis, different paracrine factors such as fibroblast

growth factor (bFGF), nerve growth factor (NFG), ET-1 and POMC-derived peptides, such as MSH, ACTH and

beta-endorphin, are activated by UVR, starting the main signalling pathway of melanogenesis . UVR can induce

and activate p53 on melanocytes, a tumour suppressor protein and transcription factor that upregulates tyrosinase

mRNA and protein expression . Furthermore, the UVR-mediated activation of p38, a stress-response protein,

activates the transcription factor upstream stimulatory factor 1 (USF-1), which induces the transcription of

tyrosinase . Melanogenesis can be stimulated by the binding of α-MSH to its receptor, MC1-R, promoting the

synthesis of more eumelanin than pheomelanin and increasing tyrosinase activity . Moreover, α-MSH induces

the proliferation of melanocytes . UVR has been found to decrease levels of bone morphogenetic proteins

(BMPs) .

Melasma is caused by different exposure factors affecting genetically predisposed individuals. Thus, genetics is

one of the most important causes of hyperpigmentation, as demonstrated by its occurrence within families (40–

60%) . Almost 279 genes are involved in the development of melasma .

In melanocytes and keratinocytes, the binding of oestrogen to its receptors can activate the tyrosinase and MITF

pathways. Sex steroids increase the transcription of the DCT and TYR genes, thereby promoting melanogenesis in

normal human melanocytes. Other studies have shown an oestrogen-induced increase in the mRNA expression of

tyrosinase, TYRP1 and TYRP2, as well as increased activity of tyrosinase in normal human melanocytes .
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The oestrogen-mediated upregulation of PDZ domain-containing protein (PDZK1) stimulates melanosome transfer

to melanocytes and increases MITF and TYR expression in melanocytes .

Wnt signalling plays a critical role in melanocyte development, melanogenesis and dendritogenesis . The

presence of Wnt ligands prevents β-catechin degradation, which stimulates MITF. WIF-1 is an important secreted

antagonist of Wnt signalling. It inhibits Wnt signalling by preventing the binding of the ligands to their cell surface

receptors . WIF-1 downregulation occurs in dermal fibroblasts and epidermal keratinocytes of melasma lesions,

stimulating the melanogenesis and melanosome transfer. Although WIF-1 is not expressed in melanocytes , one

study has reported the upregulation of WIF-1 in melasma skin lesions .

4. Treatments and Future Perspectives

Arbutin, a natural tyrosinase inhibitor and HQ derivative, has been used in the treatment of melasma in

combination with lasers or ellagic acid, as well as in hydrogel masks, all without undesirable side effects, thus

demonstrating less toxicity than HQ . It competitively and reversibly binds to tyrosinase without affecting the

mRNA transcription of tyrosinase . Deoxyarbutin, a synthetic derivative of arbutin, is a safer and effective skin-

lightening agent, with similar inhibitory effects on tyrosinase activity as those of HQ and arbutin .

Azelaic acid is a saturated dicarboxylic acid used as a treatment for skin pigmentation in several conditions such as

acne and rosacea due to its anti-inflammatory property . It was described that azelaic acid may directly or

indirectly inhibit tyrosinase through the reduction in intracellular thioredoxin which inhibits tyrosinase by forming a

bys-cysteinate inhibitors complex .

Chemical peelings are used for several skin disorders despite causing skin irritation and post-inflammatory

hyperpigmentation. Glycolic acid is the most widely used for chemical peelings, with salicylic acid representing a

safer option for sensitive and dark phenotypes .

Oral treatments with systemic agents have emerged as potential therapies for melasma, such as tranexamic acid

and plant-based supplements (e.g., polypodium leucotomos extract, carotenoids, and melatonin). Oral tranexamic

acid is successfully used in Japan and seems to be more effective than topical therapy with tranexamic acid,

although its mechanism of action is unknown . Good results have been observed with the combination of

tranexamic acid and laser irradiation 
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