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Abstract: Human skin is characterized by significant diversity in color and tone, which are determined by the quantity and 
distribution of melanin pigment in the epidermis. Melanin absorbs and reflects ultraviolet radiation (UVR), preventing the damage 
to genomic DNA in the epidermis and degradation of collagen in the dermis; therefore, darker skin types are thought to be well 
protected from the photodamage because of the high melanin content. However, increased content of melanin in combination with the 
extrinsic stress factors causing inflammation such as excess UVR, allergic reactions, or injury can also frequently lead to cosmetic 
problems resulting in discoloration and scarring. This review summarizes current knowledge on histopathology and likely molecular 
signatures of one of the most common problems, post-inflammatory hyperpigmentation (PIH). The mechanisms proposed so far are 
subsequently discussed in the context of other factors characterizing darker skin types. This includes the common cellular features, 
organization of upper skin layers, and major biomarkers, with particular emphasis on increased propensities to systemic and localized 
inflammation. Enhanced or prolonged inflammatory responses can not only affect the process of melanogenesis but also have been 
implicated in injury-related skin pathologies and aging. Finally, we summarize the major cosmetic treatments for PIH and their known 
anti-inflammatory targets, which can be beneficial for darker skin tones and combined with broad-spectrum filters against UVR. 
Keywords: post-inflammatory hyperpigmentation, skin ethnicity, inflammation, extrinsic aging

Introduction
Post-inflammatory hyperpigmentation (PIH) appears as dark and flattened spots on the body, which can range in color from 
brown to black depending on the extent of damage and skin tone.1 The loss of even skin tone is caused by the enhanced synthesis 
and deposition of melanin in skin cells; these changes are frequently aggravated by exposure to excess sun and ultraviolet 
radiation (UVR). PIH can also be triggered by inflammatory skin conditions such as acne and atopic dermatitis, allergies, injuries, 
and cosmetic procedures such as chemical peels, laser treatment and dermabrasion.1–3 Hyperpigmentation can affect any person, 
regardless of age and gender. However, it is well documented that it is more frequent and can be more severe in individuals with 
darkly pigmented skin (Fitzpatrick III–VI), who are less likely to use photoprotection. In addition, excess melanogenesis and 
irregular melanin deposition are also more severely enhanced by inflammatory processes such as acne in darker skin.4 The cause 
of discoloration may be linked to exogenous factors, such as the use of certain cosmetics and medications or exposure of the skin 
to mechanical injuries. Endogenous factors, including hormonal changes or systemic diseases, can also contribute to the more 
prevalent occurrence of PIH.5 The current treatments of PIH involve products that lighten the pigment, prevent its accumulation 
or stimulate cell renewal. Cosmetic treatments for discoloration reduction are frequently based on chemical peelings, other 
treatments include laser technology, which is used not only to lighten the discoloration but also to reduce the appearance of some 
scars. However, such procedures can lead to complications involving dermal melanin deposition and exasperating inflammation, 
particularly in dark skin.6,7 This indicates the unique requirements for the treatment of PIH in these skin types.

In this review, we highlight the molecular aspects of post-inflammatory hyperpigmentation, focusing on the inflam
matory markers and the structural changes in the upper compartments of the skin affected by PIH. We then discuss the 
unique characteristics of darkly pigmented skin that could be linked to the increased susceptibility to PIH. These factors 
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include the predisposition to systemic inflammation combined with documented differences in the molecular organization 
and cellular activity between lightly- and darkly pigmented skin. We conclude that the increased occurrence of PIH could 
be driven by chronic low-grade inflammation, likely affecting local responses to stress such as UVR, injury and cell 
senescence. Finally, we discuss the anti-inflammatory activity of some of the active ingredients with an inhibitory effect 
on melanogenesis, pointing at the potentially most beneficial non-invasive route for the treatment of PIH in dark skin.

Molecular Basis and Occurrence of PIH
One of the major mechanistic explanations for the origin of PIH points to inflammation, which contributes to the damage of the 
basal layer of the epidermis and acts as a trigger for melanocytes to release melanosomes containing pigment to the surrounding 
skin cells; the pigment granules can persist for a prolonged time leading to further discoloration of the epidermis.7 When PIH 
affects the epidermis, cytokines, chemokines, and reactive oxygen species (ROS) released during inflammation stimulate 
melanocyte growth as well as the synthesis of melanin and its transport into the surrounding keratinocytes. Among the 
physiological factors promoting these events are epidermal growth factor (EGF), interleukin-1 (IL-1), interleukin-6 (IL-6), 
tumor necrosis factor (TNF) as well as leukotrienes such as LTc4 and LTd4, prostaglandins E2 and D2, and thromboxane-2.1,8,9 

The pigment is usually increased in the basal compartment of the epidermis, which is also accompanied by up-regulated 
expression of melanoma marker antibody (NKI/beteb) and metalloproteinase 2 enzyme (MMP-2).10

Damage to the basement membrane and basal keratinocytes, which release melanin in large quantities in response to 
inflammation, can also lead to PIH in the dermis. In the upper dermis, the pigment is phagocytosed by macrophages, 
giving the skin a darkened appearance; this type of hyperpigmentation can be either prolonged or permanent.1,11 It is also 
characterized by relatively lower levels of pigmentation in the epidermis; however, this is accompanied by enhanced 
perivascular infiltration of lymphocytes and increased expression of the macrophage marker CD68 and mast/stem cell 
growth factor receptor c-kit in the dermis.10

PIH is observed in all skin types; however, it is significantly more frequent and severe in darkly pigmented skin 
affecting the populations of African American, Hispanic, Middle Eastern, Pacific Islands, Native Americans, and Asian 
heritage.1,12 For example, a population study documented acne-induced PIH in around 47–65% of African American, 
Hispanic and Asian patients.13 PIH was also recorded in around 23% of Afro-Caribbean skin types per 1000 individuals 
included in the population study.14 Notably, the occurrence of PIH could correspond more to the degree of pigmentation 
than the individual ethnic background; for example, the Asian population is characterized by a broad spectrum of darker 
and lighter skin types, ie, Malays and Indians versus Chinese.15

These data indicate a direct link between the predisposition to the development of PIH and darker skin tone. The 
clinical profiles and pathophysiology of PIH also implicate a significant involvement of inflammation as one of the major 
factors contributing to hyperpigmentation in darker skin.

Skin Pigmentation and Predisposition to Inflammation at Systemic Levels
Recently, several studies have demonstrated the increased cases of impaired cutaneous vascular and microvascular function in 
African American individuals, which were more prevalent compared to European Americans and detected in healthy young 
adults, therefore not caused by aging. Flow-mediated dilation (FMD) and local skin heating measurements indicated attenuated 
responses.16–18 Such characteristics are thought to be associated with increased oxidative stress, reduced cutaneous vasodilation 
mediated by nitric oxide (NO), and impaired scavenging and enhanced production of superoxide radicals.18,19 Both the 
microvascular endothelial function and the oxidative stress could be significantly improved by supplementation of vitamin D, 
which is also known to be reduced with darker skin pigmentation.17 Individuals with darker skin could be also more prone to 
changes in the inflammatory profiles that are linked to low-grade chronic expression of the pro-inflammatory cytokines. Analyses 
of the population-based samples for the plasma cytokine profiles reveal the increased levels of several circulating inflammatory 
markers, such as IL-6 and C-reactive protein (CRP) in the bloodstream of African Americans compared to Mexican and light- 
skinned non-Hispanic Americans.20 The influence of ethnicity on the circulating cytokine levels has been also reported for tumor 
necrosis factor a (TNFα) in Mexican Americans and for interleukin-8 (IL-8) and granulocyte-colony-stimulating factor (G-CSF) 
in African Americans.21,22 Significant differences in the IL-6, CRP and fibrinogen (FBG) have been also documented through 
another population study involving middle-aged and older Japanese and African American participants in health and aging 
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surveys, Midlife in Japan (MIDJA) and Midlife in the US (MIDUS). Mean systemic levels of all three pro-inflammatory markers 
were consistently lower in Japanese compared to African American individuals across the life span between 30 and 80 years of 
age; the increased levels of IL-6 also remained significant after the adjustment to the differences in body mass index (BMI). 
These differences were also reversely correlated with the levels of the soluble IL-6 receptor.23 Elevated levels of IL-6, which is 
produced mainly by lymphoid cells and adipocytes, have been associated with the risk of obesity and metabolic syndrome, 
indicating that the increase in the circulating cytokines and susceptibility to inflammation in African American individuals might 
be directly linked to the Western diet and lifestyle.23–25

Susceptibility to inflammation at systemic levels is also reflected by the immune signatures likely describing the 
darkly pigmented skin. For example, the skin of African Americans is more prone to the development of atopic 
dermatitis (AD), which is characterized by epidermal hyperplasia and hyperkeratosis.26 AD is directly linked to the 
multiple signaling pathways indicative of altered immune function, such as the upregulated activity of pro-inflammatory 
T helper cells Th2, Th17 and Th22 secreting interleukins, eosinophils, CRP and ferritin as well as B cell-mediated 
immunity and complement activation in the skin.27,28 Interestingly, due to inflammation AD frequently leads to the 
development of PIH in darkly pigmented skin.29 These data indicate that skin hyperpigmentation and impaired 
melanogenesis could be driven by inflammation at both systemic and localized levels. In addition, alterations in the pro- 
inflammatory pathways are also closely linked to changes in proliferation and differentiation profiles as well as the 
activity of skin cells, pointing to the likely differences in the structural organization and molecular signatures of lightly- 
and darkly pigmented skin.

Linking the Predisposition to PIH and Its Complications with Skin Type 
Differences on the Molecular Level
Skin is a complex organ composed of multiple layers that are communicating with each other through physical and signal 
transduction interactions involving defined biomarkers. Frequent occurrence of PIH in darkly pigmented skin can be 
placed in a broader context of the well-described differences in the architecture, cellular activity, and gene expression 
between lightly- and darkly pigmented skin types. In addition, a pro-inflammatory environment can also result in aberrant 
tissue remodeling, such as the events observed in the scarring. Excess scarring, including hypertrophic and keloid scars, 
is regarded as one of the complications of acne alongside PIH that also affects dark skin more frequently.30 Therefore, 
understanding the intrinsic differences between skin types on the cellular and molecular levels, particularly focusing on 
the epidermis and the epidermal-dermal junctions (DEJ) can offer an important step towards unraveling the mechanisms 
of PIH further.

Epidermis
A study comparing the epidermal thickness between the skin samples obtained from European and African skin 
biopsies revealed no significant variances.31 However, applications of 3D skin models constructed with site-matched 
fibroblasts and keratinocytes from European and African skin revealed marked differences in the epidermal morphol
ogy, pointing to more pronounced terminal differentiation and stratification of the European skin types.32 Gene 
expression at the transcriptomic and proteomic levels demonstrated the up-regulation of biomarkers involved in 
epidermal morphogenesis and lipid/ceramide metabolism, including keratin 14 (KRT14), keratin 10 (KRT10), 
filaggrin (FLG), filaggrin 2 (FLG2), choline transporter SLC44A5, γ-glutamylcyclotransferase (GGCT) and cas
pase-14 (CASP14). The differences in the patterns of epidermal differentiation and stratification could be attributed to 
enhanced synthesis and processing of FLG and FLG2 in the European skin type model. In contrast, the African skin 
type model was characterized by decreased expression and accumulation of the protein in less mature layers of the 
epidermis. Decreased terminal differentiation of keratinocytes in the African skin model was also indicated by up- 
regulated levels of the inhibitor of epidermal desquamation, SPINK6, and basal layer marker α6/β4 integrin.32 These 
specific profiles point to the likely less robust skin barrier and molecular signatures overlapping with the inflamma
tory skin disorders. Increased predisposition to inflammation through pro-inflammatory genes TNF-α and IL-32 could 
be also detected in full-thickness skin biopsies from healthy African Americans when compared to European 
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individuals.16 Decreased terminal differentiation of keratinocytes and organization of the stratum corneum was 
additionally demonstrated in the keloid scars, which affect the darkly pigmented skin more frequently.33,34

Epidermal barrier activity can be considerably affected by the melanocyte-controlled degree of pigmentation. The 
mechanism relies on the acidification of the epidermis through secreted melanosomes, which can influence the enzymatic 
activities of several pH-dependent proteins in the stratum corneum. The degree of skin pigmentation is correlated with 
the size of melanocytes; in dark skin, the cells are significantly enlarged and transfer more melanosomes to the epidermis 
due to higher tyrosinase activity and larger and more acidic dendrites compared to light skin.35,36 Increased activity of 
melanocytes, in proximity to the damaged basement membrane, could be also a contributing factor to the formation of 
hypertrophic and keloid scars through sustained interactions with the dermal fibroblasts and activation of the inflamma
tory signaling pathways such as transforming growth factor β (TGF-β).37

Dermal-Epidermal Junctions (DEJ)
Dermal-epidermal junctions (DEJ) are crucial for the maintenance of skin homeostasis. DEJ supports physical interac
tions and molecular signaling between the keratinocytes and fibroblasts in the superficial (papillary) dermis; the secretory 
activity of fibroblasts is moreover thought to affect the physiology and morphogenesis of the epidermis.38,39 Darker skin 
is characterized by thicker dermis with more abundant macrophages and fibroblasts. Compared to light skin types, the 
papillary fibroblasts from darkly pigmented skin have also an increased secretory activity, producing higher amounts of 
signaling molecules such as monocyte chemotactic peptide-1 (MCP-1), keratinocyte growth factor (KGF), matrix 
metalloproteinase 1 (MMP1) and tissue inhibitor metalloproteinase protein 1 (TIMP-1).31

Differences in the cellular interactions between the dermis and the epidermis in light and dark skin are also indicated 
by a detailed analysis of the molecular organization of DEJ. Studies based on skin biopsies and reconstructed 3D skin 
models demonstrated that the DEJ compartment in African skin was significantly longer and more convoluted compared 
to European skin. However, DEJ from African skin biopsies contained lower levels of basement membrane markers, 
collagen IV (COL4), collagen VII (COL7), laminin 5 (LAMA5), and nidogen (NID1) glycoprotein compared to 
European skin.31,40 It could suggest likely differences in the organization, mechanical strength, and the activity of DEJ 
in lightly- and darkly pigmented skin.

Altered cellular and molecular characteristics of DEJ could have also a direct effect on paracrine interactions evident in 
excessive scarring, which can be more severe in darkly pigmented skin. For example, keloid keratinocytes stimulate the 
expression of growth factors and pro-fibrotic phenotypes in dermal fibroblasts.41,42 Keloid fibroblasts are characterized by the 
secretion of inflammatory mediators including TGF-β1, TGF-β2, IL-6 and IL-8.43–46 Enhanced inflammation also promotes 
the accumulation of activated immune cells, mainly macrophages, T-lymphocytes and mast cells in the skin.33,47,48

Hyperpigmentation and Inflammation: Link to Skin Aging
PIH is caused by the presence of excess melanin, which occurs primarily as the response of skin cells to injury or 
irritation, sometimes also triggered by specific cosmetic treatments such as chemical peels, laser therapy and dermabra
sion. Based on the patterns and age distribution among the population, PIH can affect all age groups and it is very 
common amongst younger age groups, for example as a result of acne.49 PIH also represents the hyperpigmentation 
problems that fall into a broader category of abnormal melanogenesis and loss of even skin tone. This includes melasma 
and solar lentigos (age spots) that are considered to occur in all skin types with aging.50 All disorders are commonly 
characterized by the presence of inflammation, particularly the up-regulated expression and activity of cytokines secreted 
by keratinocytes and fibroblasts and the increased accumulation of inflammatory cells in skin lesions.51,52

Among the proinflammatory cytokines, both promoting abnormal melanogenesis in PIH and consistently associated 
with darker skin tones as a circulating biomarker is IL-6. It is suggested that the levels of IL-6 are influenced not only by 
ethnicity but also by age.20 Chronic low-grade inflammation and an increase in the circulating pro-inflammatory markers, 
particularly IL-6 have been reported by several large population studies to frequently occur in older adults.53,54 

Upregulated levels of IL-6 are also considered to be a risk factor for age-related problems linked to inflammation, 
chronic stress, and metabolism.55–57
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Pro-inflammatory cytokines constitute a part of the larger group of molecules, also comprised of chemokines, growth 
factors and matrix-remodeling proteins, which are secreted by senescent cells and thought to affect multiple tissues in 
a paracrine manner in vivo as part of the senescence-associated secretory phenotype (SASP). The physiological activity 
of SASP biomarkers is linked to the cellular responses to stress, such as oxidative stress and DNA damage caused by 
exposure to ultraviolet radiation (UVR).58 Senescent cells are also present in aging human skin; with SASP genes 
activated in fibroblasts, keratinocytes and melanocytes. The most abundant cytokine of the SASP and DNA damage- 
induced senescence is IL-6.59,60

Hyperpigmentation disorders, including PIH and melasma, are photosensitive skin conditions aggravated by 
exposure to UVR. The likely mechanism involves inflammatory responses mediated through ROS affecting melano
cytes in the epidermis. The protective effect can be achieved with broad-spectrum filters against UVB, UVA and 
visible light, alternatively with additive anti-inflammatory and antioxidant ingredients.61,62 UVR exposure is also 
a major extrinsic factor responsible for premature aging of the skin. Both UVB and UVA can cause DNA damage and 
inflammation mediated by oxidative stress. Accumulation of senescent fibroblasts in the dermis is accelerated 
particularly by UVA (315–400 nm), which has longer wavelengths than UVB (280–315 nm) and can penetrate 
deeper layers of the skin. Chronic inflammation and photoaging are thought to be linked to SASP, which involves 
a broad group of growth factors, proteolytic enzymes and cytokines, with interleukins IL-1, IL-6, and IL-8 found to 
be secreted by both fibroblasts and keratinocytes.63–65

The senescent fibroblasts could also play an important role in abnormal pigmentation. A recent report demonstrated that 
the accumulation of senescent fibroblasts in senile lentigo (age spots) has a significant impact on the stromal-epithelial 
interactions in the pigmentary unit, which could ultimately drive pigmentation through melanocyte differentiation. Such 
a mechanism could be responsible for an increase in hyperpigmentation as part of the extrinsic aging process.66

Current Treatments for Skin Hyperpigmentation: Unique Requirements 
for Darker Skin Tones
Current popular skin care products on the market to treat hyperpigmentation include Perfectionist Pro Rapid Renewal Retinol 
Treatment, Rodial Super Acids Daily Serum, The Ordinary Azelaic Acid Suspension 10%, GiGi Bioplasma Azelaic Peel, 
ProActiv Complexion Perfecting Hydrator, Pureauty Naturals Skin Lightening Serum with Kojic Acid, Paula’s Choice Resist 
10% Niacinamide Booster, Eva Naturals Vitamin B3 5% Niacinamide Serum, The Ordinary Niacinamide 10%, Differin Gel, 
Perfect Image Salicylic Acid 20% Gel Peel, Exuviance Performance Peel AP25, Juice Beauty Green Apple Peel Sensitive. 
Several molecular ingredients in cosmetic formulations are available for the treatment and prevention of hyperpigmentation, 
including PIH. These include photoprotection with broad-spectrum sunscreen with an SPF of 30, chemical peels containing 
small molecules such as alpha-hydroxy acid (AHA), glycolic acid (GA), salicylic acid (SA), trichloroacetic acid (TCA), kojic 
acid (KA) and pyruvic acid (PYR) as the active component of chemical peels used as a non-surgical procedure to exfoliate and 
resurface the upper layers of the skin.1 In addition to laser therapies with both shorter wavelengths for the surface layer that 
target the intracellular melanosomes and longer wavelengths for deep penetration of the skin, successful treatments have been 
also achieved with blue light photodynamic therapy.1 However, skin treatments such as chemical peels and laser therapy can 
often trigger wound healing responses, irritations, and scarring. The complications, which aggravate the uneven pigmentation 
further, are also more frequent in darker skin types.67

Another approach to hyperpigmentation involves the application of topical agents and natural ingredients that reduce 
melanogenesis and induce depigmentation through the inhibition of several factors involved in melanogenic pathways. 
Some of these factors include hydroquinone, thiamidol, mequinol, azelaic acid, kojic acid, arbutin, niacinamide, ellagic 
acid, luteolin, N-acetyl glucosamine, hexyl decanol, phytosterols, calycosin, aloesin, arginine, resorcinol and 
retinoids.1,50,68–70 Importantly, many of these ingredients have also a significant capacity to reduce inflammation, therefore 
can improve several aspects associated with PIH, particularly changes in the pigmentary unit linked to the abnormal 
stimulation of melanocytes in the epidermal environment. For example, azelaic acid can suppress UVB-induced expression 
and secretion of IL-1β, IL-6 and TNF-α and kojic acid has the potential to inhibit nuclear factor kappa B (NF-κB) activity in 
the keratinocytes.71,72 The expression of IL-6 and TNF-α in the keratinocytes is also inhibited by ellagic acid. The 
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compound can moreover modulate the mitogen-activated protein kinase/extracellular signal-regulated protein kinase 
(MEK1/2-ERK) and the Janus kinase signal transducer/activator of transcription (JAK/STAT) pathways in response to 
the treatment of the cells with pro-inflammatory factors TNF-α and interferon γ (IFN-γ).73 Cellular targets of luteolin 
involve the major pathways regulating inflammation - Nf-κB, activator protein 1 (AP-1) and signal transducer and activator 
of transcription (STAT-3).74 N-acetyl glucosamine (NAG) normalizes the stratum corneum by up-regulation of the 
differentiation markers keratin 10 and involucrin. The compound also suppresses the expression of cyclooxygenase 2 
(COX-2) and IL-6 as the main targets of inflammation.75,76 Calycosin has the potential to alleviate inflammation by 
inhibiting the PI3K/AKT and NFf-κB pathways.77 Aloesin has been shown to affect the levels of plasma leukotriene B(4) 
(LTB(4)) and the cellular levels of TNF-α and IL-1β.78 L-arginine can directly target the expression levels of IL-6, IL-8 and 
TNF-α.79 The anti-inflammatory effects of resorcinol are executed through the inhibition of COX-2 activity.80 The risk of 
PIH, particularly occurring after the applications of laser therapy, has been also shown to be minimized by topical 
applications of corticosteroids.81 These data point to the likely importance of the anti-inflammatory capacities of the 
ingredients used in the prevention and treatment of PIH. Despite their effectiveness and established mechanisms of action, 
the treatments for hyperpigmentation, particularly PIH in darkly pigmented skin, are expected to witness further rapid 
growth based on the availability of increasingly advanced products.

Discussion
Post-inflammatory hyperpigmentation (PIH) is characterized by an uneven distribution of melanin and dark spots, which can 
range in color depending on the severity of the damage and skin tone. Acne and atopic dermatitis, allergies, traumas, and cosmetic 
operations can all cause PIH triggered by the synthesis and release of extra melanin by melanocytes in the epidermis. Two major 
factors have been widely associated with the pathophysiology of PIH. Firstly, the localized inflammation caused by an 
accumulation of pro-inflammatory growth factors has a stimulatory effect on melanocytes and the process of melanogenesis. 
Secondly, abnormal and excessive pigment deposition is frequently linked to damage to the upper layers of the skin, specifically 
within the basement membrane and basal keratinocytes. Such damage most likely results in local changes to skin structure and 
topology, which could have a direct effect on the density of melanocytes in the epidermal melanin unit. Long-lasting 
hyperpigmentation in the dermis can be also caused by damage to the basement membrane and basal keratinocytes, which 
release melanin in reaction to ongoing inflammation and infiltration of immune cells.

PIH can occur on all skin types; however, it is more common and severe in darkly pigmented skin. Skin types on 
Fitzpatrick scale IV, V and VI are also more prone to experience long-lasting damage and complications in response to 
some chemical peelings or laser therapies, including erythema, hypertrophic scars and keloids.1

This rises the important question regarding the specific factors that could be responsible for unique molecular and cellular 
signatures contributing to the increased prevalence of PIH and susceptibility to more permanent damage such as scars after the 
mechanical intervention. Individuals with darker skin pigmentation might experience a reduced cutaneous microvascular 
function, together with low-grade chronic production of pro-inflammatory cytokines and susceptibility to inflammation and 
oxidative stress at a systemic level. Changes in the inflammatory profiles, likely enhanced by additional extrinsic factors, could be 
coupled with local alterations in the epidermal homeostasis and renewal accompanying atopic dermatitis leading to hyperpig
mentation in dark skin. Interestingly, the skin is considered to be an immune organ, with inflammatory conditions closely 
associated with the disruption of the physical barrier.82 Upper layers of human skin also contain significant numbers of immune 
cells such as macrophages, natural killer (NK) and CD8+ T cells.83 It is likely that the subtle differences in the immune cell 
numbers and activity still exist between darkly and lightly pigmented skin. It would be of interest to uncover further the links 
between systemic and local inflammation with susceptibility to PIH. Increased paracrine signaling and secretion of inflammatory 
factors are one of the major events observed in excessive scarring, which are common complications of PIH.

It is well recognized that the proliferation and differentiation patterns of skin cells are also strongly affected by 
inflammation. Several studies described the cellular and molecular organization of darkly pigmented skin, which could 
provide additional insight into the mechanisms of PIH. Based on the analysis of skin biopsies and 3D skin models, there 
are considerable differences between light and dark skin, especially in the morphology of the dermal-epidermal junctions 
(DEJ) and expression of the biomarkers involved in the control of skin morphogenesis and metabolism. The most 
pronounced difference could be linked to the processes of terminal differentiation and organization of stratum corneum as 
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indicated by decreased expression or activity of the biomarkers involved in these processes in dark skin. Different rates 
of maturation in the upper layers of the epidermis could be a consequence of the higher activity of melanocytes and 
changes in the enzymatic activities in the stratum corneum. Decreased desquamation is also linked to irregular 
pigmentation and acne, which can be presently addressed by applications of chemical peeling.

Both melanocytes and keratinocytes rely on the mechanical support of the basement membrane located and dermal- 
epidermal junctions (DEJ). Altered properties in the basement membrane are likely to affect the distribution, migration 
and renewal of the epidermal cells, damage in this compartment is frequently observed in PIH. Reduced mechanical 
strength of DEJ in darkly pigmented skin is indeed indicated by decreased levels of expression of basement membrane 
markers in light skin. The susceptibility of the basement membrane to damage can be also suggested by the enhanced 
secretory activity of fibroblasts in the superficial dermis, particularly matrix metalloproteinases and their inhibitors 
responsible for remodeling the extracellular matrix involved in structural support.

Hyperpigmentation diseases, such as PIH and melasma, are photosensitive skin abnormalities that are exacerbated by 
UVR exposure, which is also a major extrinsic skin aging factor linked to DNA damage, oxidative stress and 
inflammation. Photoaging, classified as an extrinsic aging process, has been extensively studied and characterized, 
pointing to the accumulation of senescent fibroblasts in the skin dermis. Such cells, also postulated to be present in 
chronologically aged skin and frequently bearing the DNA damage response (DDR) markers, are the source of pro- 
inflammatory cytokines that could stimulate abnormal pigmentation. Inflammatory responses mediated by ROS impact
ing melanocytes in the pigmentary units, together with the accumulation of senescent fibroblasts in the dermis that is 
accelerated by UVR, could be one of the mechanisms driving PIH.

The proposed systemic mechanisms of hyperpigmentation in dark skin are outlined in Figure 1. The model predicts 
that the susceptibility to low-grade chronic inflammation combined with the structural organization and increased 
secretory activity of upper skin layers would constitute a partial mechanism driving the hyperpigmentation in darkly 

Figure 1 The proposed systemic mechanisms of hyperpigmentation in dark skin. Dark skin demonstrates unique characteristics regarding epidermal morphogenesis, 
secretory activity in the dermis and the architecture of dermal-epidermal junctions that are distinctive from light skin. Dark skin is prone to the development of PIH, AD and 
melasma, which are all linked to inflammation. A predisposition to low-grade chronic inflammation and weaker macrovascular function has been also detected in dark- 
skinned individuals. Abnormal melanogenesis is furthermore exasperated by UVR; both the UVR-induced inflammation and cell senescence have been demonstrated to drive 
age-related hyperpigmentation.
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pigmented skin. Abnormal melanogenesis is furthermore exasperated by UVR; pointing to the hyperpigmentation as 
localized premature aging events driven by both inflammation and cell senescence.

Prevention and treatment of PIH can be achieved with photoprotection using broad-spectrum sunscreens as well as 
natural ingredients inhibiting the melanogenic pathways and causing depigmentation whilst reducing inflammation. 
Current trends support the discovery of novel formulations to address both cosmetic and biomedical aspects of PIH. Such 
a goal can be achieved, for example, by screening and verification of existing libraries of the compounds and their 
synergies. Additional demand would rely on more insight into the molecular mechanisms of PIH, this could be initiated 
by the genetic screening and identification of the biomarkers in PIH skin lesions of darkly pigmented skin.

Conclusion
Post-inflammatory hyperpigmentation is a serious condition that requires an individualized approach and the right choice 
of treatment. In the past several years, a number of effective treatments based on several active ingredients have been 
implemented. One of the major factors associated with the increased occurrence and challenging prevention of PIH is 
dark pigmentation of the skin. Such outcome could be related to the unique characteristics of dark skin, associated with 
increased size and activity of melanocytes, expression levels of DEJ markers, epidermal stratification and paracrine 
signaling of fibroblasts combined with potential low-grade chronic inflammation at a systemic level. Despite the efficient 
protection against photodamage brought about by high melanin content in dark skin, PIH can be aggravated by excess 
exposure to UVR which is also recognized for stimulating further the inflammatory responses in the skin. Current and 
future prevention and treatment of PIH in dark skin could be based on formulations that combine the active ingredients 
with synergistic inhibitory effects on melanogenesis, anti-inflammatory activities and broad-spectrum UVR filters.
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