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Episode 2: How Skin Makes Colour


Every condition in this course runs on one machine, and once you can see the machine you can predict how each condition will behave, how fast it will move and why it comes back. The deodorant course gave the short version for the underarm. This episode goes one level deeper, because the differences between the face, the neck, the folds and the intimate skin are all differences in which part of the machine is being pushed, and how hard.




The cells and the unit they form

The outer layer of skin, the epidermis, is a stack of cells called keratinocytes that are born at the bottom, in a single layer called the basal layer, and rise toward the surface over several weeks, flattening and filling with the tough protein keratin until they die and are shed. Scattered along that basal layer, roughly one for every ten keratinocytes, sit the pigment cells, the melanocytes. A melanocyte looks like a small octopus. Its body sits on the basement membrane, the thin sheet that separates the epidermis from the deeper dermis, and it reaches long arms, called dendrites, up between the keratinocytes above it. One melanocyte supplies pigment to something like thirty to forty keratinocytes, and anatomists call that partnership the epidermal melanin unit.

The density of melanocytes varies across the body. Classic counts put it at roughly two thousand per square millimetre on the face and forearm and about one thousand on most of the trunk, and the genital skin is also at the high end. Across skin tones the counts are roughly the same, a fact that surprises most people. A woman with very dark skin and a woman with very pale skin have about the same number of pigment cells on the same patch of arm. The difference lies in how active those cells are, how large the pigment packets they make, how those packets are spread through the keratinocytes, and how quickly the keratinocytes break them down.




How the pigment is made

Melanin is made inside small sealed compartments in the melanocyte called melanosomes. Each melanosome matures through four stages, from an empty scaffold to a packet filled with pigment. The chemistry inside starts with the amino acid tyrosine, which the body gets from food and from another amino acid, phenylalanine. An enzyme called tyrosinase converts tyrosine into a molecule called DOPA and then into dopaquinone. Tyrosinase holds two copper atoms at its working site, which matters because several brightening ingredients work by grabbing that copper.

Dopaquinone is a fork in the road. If the sulphur-containing amino acid cysteine, or the antioxidant glutathione, is nearby in quantity, dopaquinone binds to it and the pathway makes pheomelanin, a red-yellow pigment. If cysteine is scarce, the pathway goes on through several more steps, two of them helped by enzymes called tyrosinase-related proteins one and two, and makes eumelanin, a brown-black pigment. Every person makes both pigments, and darker skin carries a larger share of eumelanin while red hair and freckled skin carry a larger share of pheomelanin. The switch between the two is set largely by a receptor on the melanocyte called MC1R, the melanocortin one receptor. When a hormone called alpha-melanocyte-stimulating hormone binds to MC1R, the cell makes more eumelanin; people with weak variants of the receptor make more pheomelanin, burn easily and tan poorly.

The fork explains one of the larger fads in the Asian lightening market. Glutathione pills, drips and injections are sold in the Philippines and across South and South-East Asia on the theory that flooding the body with glutathione will push the fork toward the lighter pheomelanin. The human evidence for any visible lightening from oral glutathione is thin and inconsistent, and the Philippine Food and Drug Administration has warned the public against injectable glutathione used for skin whitening. It comes up in buyer comments often enough that you should know where the idea comes from.




How the pigment reaches the skin cells

A finished melanosome is useless while it sits inside the melanocyte. It has to be handed up the dendrites to the keratinocytes. The keratinocytes take in the tips of the dendrites, packets and all, through a process that depends partly on a receptor on the keratinocyte called PAR-2. Once inside, the melanosomes gather over the top of the keratinocyte’s nucleus like a small parasol, shielding its DNA from ultraviolet light. As the keratinocyte rises and dies, it carries its parasol with it, and the pigment is shed with the dead cell at the surface.

In darker skin the melanosomes are large and spread out singly through the keratinocyte, and they are broken down slowly, so the pigment survives all the way up to the surface. In lighter skin they are smaller, bundled in groups, and broken down faster, so the upper layers carry less colour. This handing-up step is the second place a product can intervene. Niacinamide slows it, and soy extracts slow it by blocking the PAR-2 receptor.




The clock of the epidermis

The time a keratinocyte takes to travel from the basal layer to the surface and fall off is the clock that governs every brightening claim. In a young adult it is roughly four weeks, often quoted as twenty-eight days, and it slows with age to six or eight weeks by middle age. The length of this clock explains three separate things about brightening.

First, a product that slows pigment production cannot make the colour that is already in the upper layers disappear any faster than those layers are shed. The pigment made before the product started has to ride up and fall off on its own schedule, so even a perfect inhibitor needs at least one full turnover cycle before any change is visible, and usually two or three cycles before the change is large enough to see without a photograph.

Second, products that speed up shedding, such as glycolic, lactic and mandelic acid and the retinoids, can shorten the wait, but they do it by thinning and irritating the surface, and in darker skin irritation is a trigger for more pigment. Speeding the clock helps only up to the point where it starts to injure.

Third, the result does not hold by itself. The melanocyte is still there, with the same settings, and as soon as the inhibitor is removed or the trigger returns, it resumes making pigment at the old rate. Within one or two turnover cycles the colour drifts back toward where it started. Procter and Gamble’s work on niacinamide in the early two thousands documented exactly this reversal on facial spots, and it applies in principle to every ingredient that works by slowing production or transfer.




The signals that turn the machine up

Melanocytes do not make pigment at a constant rate. They respond to signals, and every condition in this course corresponds to one or more of those signals being turned up.

Ultraviolet light is the best known. When ultraviolet light damages DNA in the keratinocytes, they release alpha-melanocyte-stimulating hormone and other messengers, which bind to MC1R on the melanocyte and switch on a master control gene called MITF, which in turn switches on tyrosinase. That chain is a tan, and it is why sunscreen is part of every serious treatment plan for facial pigment.

Visible light, the light we can see, also darkens skin, though only in medium and darker skin. A 2010 study by Mahmoud and colleagues, from the Henry Ford Hospital group in Detroit, showed that visible light produced immediate and lasting darkening in volunteers with skin types four to six and none in the lighter-skinned volunteers. Later work traced part of this to a light-sensing protein in the melanocyte called opsin three. This finding matters enormously for melasma, and it is why dermatologists now recommend tinted sunscreens containing iron oxide, which block visible light, over clear ones that block only ultraviolet.

Inflammation is the second major signal. When skin is injured or irritated, the cells release prostaglandins, leukotrienes, interleukin one, endothelin one, histamine and stem cell factor, and every one of these pushes melanocytes to make more pigment and to extend their dendrites. When the inflammation settles, the extra pigment stays in the keratinocytes and rides up and out on the normal clock. That is post-inflammatory hyperpigmentation, and it is the mechanism behind the darkened underarm, the dark mark after a pimple, the dark line where a bra rubs and the dark patch after a chemical peel that went too deep.

Hormones are the third. Melanocytes carry receptors for oestrogen and progesterone, and the skin of the face, the nipples, the genitals and the midline of the belly responds strongly to them. That is why pregnancy darkens the areolae and draws a dark line down the abdomen in a large share of pregnant women, why the genitals darken at puberty, and why melasma so often starts in pregnancy or on the contraceptive pill.

Signals from the deeper skin are the fourth. The fibroblasts of the dermis, the cells that make collagen, send their own messages to melanocytes, including stem cell factor and hepatocyte growth factor. In skin that has had years of sun, some fibroblasts age into a state called senescence and send these messages constantly. Research on melasma since about 2015 has shown that this conversation between damaged dermis and melanocyte is one reason melasma keeps coming back.

Insulin is the fifth, and it works differently. In acanthosis nigricans, high levels of insulin and of a related hormone, insulin-like growth factor one, drive the keratinocytes and fibroblasts to grow and fold. The skin thickens, builds up keratin and forms small ridges, and that thickening is most of what makes it look dark. The amount of melanin is only modestly raised. A brightening cream that blocks tyrosinase is therefore aimed at the smaller part of the problem, which is why creams barely touch acanthosis nigricans and why weight loss and insulin treatment can clear it.




Where the pigment sits, and why depth decides everything

Most extra pigment sits in the epidermis, inside keratinocytes that will be shed in a matter of weeks. That kind of pigment looks light to dark brown, it has sharp or soft edges depending on the cause, and it fades on the turnover clock once production slows. Under a dermatologist’s ultraviolet Wood’s lamp, epidermal pigment looks darker and better defined than in ordinary light.

Some pigment falls deeper. When the basement membrane is damaged, by strong inflammation, by certain rashes such as lichen planus, by an aggressive peel or laser, or by the slow damage of chronic sun, melanin escapes down into the dermis. There it is swallowed by scavenger cells called macrophages, which are then called melanophages, and they can sit in the dermis holding pigment for years. Dermal pigment looks blue-grey or slate-coloured, because the skin above scatters the shorter blue wavelengths back to the eye, a physical effect called the Tyndall effect. Under the Wood’s lamp, dermal pigment does not stand out.

Dermal pigment barely moves for three reasons. Topical ingredients that act on tyrosinase and transfer work at the melanocyte in the epidermis, and the pigment in the dermis is already finished and out of their reach. The turnover clock does not apply, because macrophages in the dermis are not shed at the surface. And the only tools that can break up dermal pigment are lasers that shatter it into fragments small enough for the body to clear, which carry their own risk of new inflammation and new pigment in darker skin. In real patients the two depths are often mixed. Melasma in particular usually has an epidermal and a dermal part, which is one reason it never clears completely with creams alone.




Fitzpatrick types, and what they do and do not tell you

The Fitzpatrick scale was devised in 1975 by the Harvard dermatologist Thomas Fitzpatrick to estimate how much ultraviolet light patients could take during a light therapy called PUVA. It sorts skin by how it reacts to the first strong sun of the year. Type one always burns and never tans. Type two burns easily and tans a little. Type three sometimes burns and tans gradually. Type four rarely burns and tans well. Types five and six, added later, describe brown and dark brown to black skin that rarely or never burns.

The scale is useful in this market because almost every study of pigment reports its participants by Fitzpatrick type, and because the risk of PIH rises steadily from type three upward. The scale also has two limits that matter when you read a study or a brief. It was built on sunburn and tanning, and it predicts the response to inflammation only roughly, so two women of the same type can respond very differently to the same razor. And it was never meant as a scale of ethnicity, although brands and even some studies use it that way. Dermatologists who work mainly with skin of colour have proposed other scales, and the one that matters for marketing is the plain question a buyer can answer herself: whether a pimple, a scratch or a bug bite usually leaves a dark mark that lasts for months.




Why darker skin pigments more after any injury

Three facts combine to produce the difference. The melanocytes in darker skin are more active at rest and respond to the same inflammatory signals with a larger burst of pigment, a behaviour dermatologists describe as labile. Their melanosomes are larger and degraded more slowly, so the extra pigment persists longer in the keratinocytes. And the contrast between the darkened patch and the surrounding skin is more visible, because the absolute amount of pigment added is larger. A 2010 review by Erin Davis and Valerie Callender found PIH more intense and more persistent in darker skin, and earlier work by Susan Taylor and colleagues reported acne-induced PIH in about sixty-five percent of the African American acne patients they studied, about fifty-three percent of the Hispanic patients and about forty-seven percent of the Asian patients.

The same activity cuts the other way. Darker skin can also lose pigment after injury, leaving pale patches, and a strong peel or laser can produce both dark and light patches in the same treated area. In lighter skin, the mark left after a pimple is more often red or pink than brown. That red mark, called post-inflammatory erythema, is made of small dilated blood vessels and does not respond to any brightener, a distinction the face market ignores and buyers rarely know.




The six levers

Put the machine together and you can see every lever a product or a procedure can pull. The first lever is to remove the trigger, whether that is light, friction, a razor, an irritating product, insulin or a hormone. The second is to slow the enzyme tyrosinase. The third is to slow the hand-off of melanosomes to keratinocytes. The fourth is to speed the shedding of pigmented cells from the surface. The fifth is to calm the inflammatory and dermal signals that keep the melanocyte switched on, which is where antioxidants and tranexamic acid act. The sixth is to physically break up pigment, especially dermal pigment, with a laser or a light device.

Most brightening products pull only the second, third and fourth levers. Most of the durable results in the medical literature come from combining them with the first, and the first is the one the buyer usually has never been told about, because nobody sells it in a jar. Episodes three and four go through each condition in turn and name its trigger, which is the information the buyer is missing.


