

This book is dedicated to the millions across the world who suffer in, or for, their skin.
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Author’s Note: Discretion and Definitions

The Hippocratic Oath states, ‘What I may see or hear in the course of treatment or even outside of treatment in regard to the life of patients, which on no account one must spread abroad, I will keep to myself.’1 All doctors owe a duty of confidentiality to their patients, so every character with a skin condition in this book has been given a pseudonym. In some cases, particularly for those with very rare and identifiable skin diseases, I have applied a ‘double lock’ of anonymity, their name being changed and the location of the meeting moved, although always to a place I have either visited or worked in.

Although it is inappropriate to define someone by a disease, such as ‘leper’ or ‘albino’, I will occasionally use these terms to invite the reader into the daily reality of those suffering because of their skin.




Prologue

For a doctor with an antiquarian bent, the magnificent Anatomical Theatre of the University of Bologna is heaven, even on an Italian summer’s day, when the heat is unbearable and the wood-panelled hall effectively becomes a sauna. As I stood in the world’s oldest university, whose four-hundred-year-old hall is carved entirely out of spruce, I felt like a shrunken man exploring the interior of an ornate and antique jewellery box. In the middle of the room lies an imposing marble dissection table, which for centuries provided medical students occupying the wooden stalls of this academic arena with a full view of proceedings. The walls are decorated with large, intricately carved wooden sculptures of the ancient heroes of medicine. Hippocrates and Galen examine the students below with forbidding glares – a look replicated by many subsequent medical school lecturers, no doubt. But, of all these wonders, the visitor’s eye is drawn to the centrepiece. Overlooking the whole theatre is the seat of the professor, covered by an elaborate wooden canopy held aloft by the magnificent Spellati: the ‘Skinned Ones’. These two statues, which take centre-stage at the altar to this church of medicine, are resplendent with exposed muscles, blood vessels and bones.

So-called écorché figures (from the French for ‘skinned’) depict the muscles and bones of the body and their interplay, but without skin. These sinewy, skinless bodies have been synonymous with medicine since Leonardo da Vinci’s ground-breaking anatomical drawings of the fifteenth century, gracing the cover of almost every medical textbook. Peering up at the wooden écorchés at the University of Bologna, it is clear to see that the skin – despite being our largest and most visible organ, despite us seeing and touching it, indeed living in it, every moment of our lives – is the organ most overlooked by the medical profession. Weighing nine kilograms and covering two square metres, skin wasn’t even recognized as an organ until the eighteenth century. When we think of organs, or the human body at all, we rarely think of our skin. It is invisible in plain sight.
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When new acquaintances ask about my clinical and research interests, my almost apologetic response, that dermatology excites me, is usually met with confusion, pity, or a combination of the two. A close friend who is a surgeon likes to taunt me by saying, ‘The skin is the wrapping paper that covers the presents.’ But part of what intrigues me is that, even though skin is the most observable part of our body, there is so much more to it than meets the eye.

My fascination with the skin started at the age of eighteen, on a slow afternoon two days after Christmas. My family had just made it through the last of the leftovers and I lay in a post-prandial sprawl on the sofa. Covered in blankets and revision notes, I sluggishly set about preparing for my first medical-school exam in a week’s time. I felt a bit grotty and my inner elbows and face were feeling unusually itchy. A later look in the mirror revealed that my cheeks had gone a darker shade of pink. Within a couple of days, my face and neck had become a red, dry, itchy mess. My friends and family offered tellingly different explanations, from exam stress and house allergens, to over-hot showers, skin microbes and eating too much sugar. Whatever the reason, after eighteen years of clear skin, it suddenly started to break down – and eczema has shadowed me ever since.

Our skin is a beautiful mystery, cloaked in feelings, opinions and questions. The more science reveals of this terra incognita, the more we see that our most overlooked organ is actually our most fascinating. Skin is the Swiss Army knife of the organs, possessing a variety of functions unmatched by any other, from survival to social communication. Skin is both a barrier against the terrors of the outside world and – with millions of nerve endings to help us feel our way through life – a bridge into our very being. Simultaneously wall and window, our skin surrounds us physically, but it is also an exquisitely psychological and social part of our being. Our skin is not just a marvellous material; it is a lens through which we learn about the world and ourselves. Our physical skin teaches us to marvel at the intricacy of our bodies and the wonders of science. It teaches us to respect the millions of microbes that accompany us on our journey, to be sensible – not radical − about what we eat and drink, and to revere, but not fear, the sun. Our ageing skin directly confronts us with our own mortality. The mind-boggling sophistication of human touch invites us to re-examine the role of physical contact in an increasingly isolated and computerized society. There is no better platform than the psychological skin to show how our body and mind, and indeed our physical and mental health, are inextricably linked. Clothing, make-up, tattoos, society’s heated dialogue on skin colour, and the judgement millions have suffered for skin deemed to be diseased or dirty, show that skin is our most social organ. Finally, ultimately, our skin transcends its physical presence and influences our faith, language and thinking.

The Remarkable Life of the Skin is not a step-by-step guide to beautiful or healthy skin. Although you will find information about how you can care for your outer surface, this book is perhaps more important than that. It is a circumnavigation of, and a love letter to, our most remarkable organ. Using the skin as a prism, what follows is a look across both time – from ancient history to the future of science – and space – from the elegant tattoos of crocodile-worshippers in Papua New Guinea to the skin changes of sun-worshippers on Miami Beach. It begins by exploring the terrain of the physical skin. Picking out facts from fiction, it addresses questions such as whether our diet affects our skin, what makes our skin age, and how much sunlight is too much? These questions lead into the intriguing hinterland between the skin and the mind, from the pain and pleasure of touch to the effects of stress on the skin. The skin and the mind are intimate friends, and no other organ carries such psychological weight. How our skin is perceived by others – or, perhaps, how we think it is perceived by others – can affect our mental health. The skin is in some ways a book, in which scars, wrinkles and tattoos tell our story and can be read by others, but it is also a screen, a shifting visual display of our internal emotions, whether through subtle facial twitches, blushing or the unwanted eruptions of an underlying physical or psychological condition. The final part of this journey across our outer surface is a look at the skin in a social context. The skin unites us: humans are the only organisms that permanently mark and tattoo the skin in order to communicate with others. It also divides: skin colour and ‘defiling’ skin diseases have separated societies and changed the course of human history. Human skin has even influenced philosophy, religion and language, with effects that lie far beyond its mere physical form.

I hope that if you have opened this book with either a scientific curiosity or a desire for skin-health advice, you will be gratified, but that you will also be left with a grander view of yourself and of others. Indeed, this has been my journey, a wonderful adventure that began with looking at the skin on a patient or in a petri dish and ended with seeing the world altogether differently. Skin is indispensable for our survival and daily functioning, but it also reveals much about who we are as humans. The wooden écorché figures in Bologna are instantly recognizable as human forms, but without their outer covering they have lost their humanity. To understand our skin, then, is to understand our self.
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The Swiss Army OrganThe many layers and lives of our skin


‘The task is not so much to see what no one has yet seen; but to think what nobody has yet thought, about that which everybody sees.’

ARTHUR SCHOPENHAUER



We see skin all the time, both on ourselves and on others. But when was the last time you really looked at your skin? You might give it a regular inspection in the mirror, part of a daily skincare routine, but I mean properly looked. And wondered. Wondered at the elaborate, unique whorls carved on the tips of your fingers, and at the furrows and hollows of the miniature landscape on the back of your hand. Wondered at how this wafer-thin wall manages to keep your insides in and the treacherous outside out. It’s scratched, squashed and stretched thousands of times a day, but it doesn’t break – at least not easily – or wear out. It’s battered by high-energy radiation from the sun, but stops it from ever touching our internal organs. Many of the deadliest members of the bacterial hall of fame have visited the surface of your skin, but rarely do they ever get through. Though we take it for granted, the wall the skin creates is utterly remarkable and it’s constantly keeping us alive.

Never is the skin’s importance more apparent than in the rare but nonetheless sobering tales of when skin fails. Thursday, 5 April 1750 was a quiet spring morning in Charles Town (now Charleston), South Carolina, but the newly ordained Reverend Oliver Hart was on his way to an emergency. Hart was an uneducated carpenter from Pennsylvania who had caught the attention of church leaders in Philadelphia and, at the age of twenty-six, was offered the role of pastor at Charles Town’s First Baptist Church. (He would go on to become an influential American minister.) His diary is a humbling time capsule of the trials of eighteenth-century American life: rampant disease, hurricanes, and skirmishes with the British. In one of the diary’s first entries, written a few months into his ministry, Hart records the details of that emergency morning visit, to the newborn child of a member of his congregation, because what he found was unlike anything he had ever seen before:


It was surprising to all who beheld it, and I scarcely know how to describe it. The skin was dry and hard and seemed to be cracked in many places, somewhat resembling the scales of a fish. The mouth was large and round and open. It had no external nose, but two holes where the nose should have been. The eyes appeared to be lumps of coagulated blood, turned out, about the bigness of a plum, ghastly to behold. It had no external ears, but holes where the ears should be … It made a strange kind of noise, very low, which I cannot describe. It lived about eight and forty hours, and was alive when I saw it.1



This diary entry is the first recorded description of harlequin ichthyosis, a rare and devastating genetic skin disorder. A mutation in a single gene, called ABCA12, reduces the production of the bricks (the proteins) and mortar (the lipids) that make up the stratum corneum, our outermost layer of skin.2 This abnormal development results in areas of thickened, fish-like scales (ichthys is the Ancient Greek word for fish) with unprotected cracks in between. Historically, infants with harlequin ichthyosis would die within days from the broken barrier as it let out the good stuff – leading to severe water loss and dehydration – and let in the bad stuff – namely, infectious agents. Without the skin’s tight regulation of body temperature, the condition also poses a continual risk of either life-threatening hyperthermia or equally life-threatening hypothermia (being too hot or too cold, respectively).3 There is still no cure for this life-shattering disease, although modern intensive treatment to repair barrier functions now enables some of these children to live into adulthood, albeit with constant medical dependence.

We so easily take for granted the countless roles our most diverse organ plays in our lives, let alone its seemingly prosaic function as a barrier. But an abnormally formed skin can be a death sentence. To begin to fathom the beauty and complexity of our largest organ, imagine hopping into a microscopic mine cart and descending through the skin’s two distinct but equally important layers: the epidermis and the dermis.

The outermost layer, lying on the very edge of our body, is the epidermis (literally, ‘on the dermis’). It is on average less than 1mm thick, not much thicker than this page, yet it carries out almost all the barrier functions of our skin and survives all manner of damaging encounters, which it is exposed to far more often than other body tissue. Its secret lies in its multi-layered living brickwork: keratinocyte cells. The epidermis is made up of between fifty and one hundred layers of keratinocytes, named after their structural protein, keratin. Keratin is unbelievably strong: it forms our hair and nails, as well as the unbreakable claws and horns found in the animal kingdom. The word itself comes from the Ancient Greek for horn, keras (from which we also get rhinoceros). If you were able to zoom in on the back of your hand to about 200x magnification you would see tough, interlocking keratin scales resembling an armadillo’s armour. This biological chainmail is the culmination of the remarkable life story of the keratinocyte.

Keratinocytes are produced in the deepest, basal layer of the epidermis, the stratum basale, which lies directly on top of the dermis. This vanishingly-thin layer, sometimes just one cell thick, consists of stem cells that are continuously dividing and renewing themselves; every skin cell on our surface originally bubbled up from these mysterious springs of life. Once a new keratinocyte is created, it slowly moves upwards to the next layer, the stratum spinosum, or spiny layer. Here, these young adult cells start to link up with adjacent keratinocytes via intensely strong protein structures called desmosomes. They also start to synthesize different types of fat within their cell body, which will soon provide the all-important mortar in our skin’s outer wall. As the keratinocytes ascend to the next layer, they make the ultimate sacrifice. In the stratum granulosum, or granular layer, the cells flatten, release their fats and lose their nucleus, the cell’s gene-containing brain. With the exception of red blood cells and platelets, all of the cells in our body need a nucleus to function and survive, so when keratinocytes finally reach the top layer of the skin, the stratum corneum, they are effectively dead – but they have realized their purpose: this infinitesimally slim layer is the body’s barrier wall. The living keratinocytes have become hard, interlocking plates of keratin, and the surrounding fatty mortar makes our surface as waterproof as a waxed jacket. Eventually, at the end of their month-long life, chipped away by the scratches and scrapes of the outside world, these scales flake off into the atmosphere. But this loss does not compromise the epidermal wall, with younger cells continually rising upwards to have their turn to face the world. Keratinocytes create a fine but formidable outer defence, protecting the trillions of cells inside our body. Never was so much owed by so many to so few.
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An extra, fifth layer of epidermis is found in thicker areas of skin, namely the palms of the hands and the soles of the feet. The stratum lucidum (clear layer) is four to five cells thick and sits just beneath the stratum corneum. Composed of numerous dead keratinocytes containing a transparent protein called eleidin, this extra layer helps the skin at the working ends of our limbs cope with constant friction and stretching.

Coated in antimicrobial molecules and acids, the outer defences of the epidermis are chemical as well as physical, designed to keep out unwanted visitors, from insects to irritants, and to keep in moisture.4 A watertight barrier is essential for life. In the grisly (and thankfully mostly historical) cases of humans being flayed alive, they ultimately suffered death by dehydration. When burns victims lose the majority of their skin surface, they require enormous amounts of fluids (sometimes more than 20 litres a day) to stay alive. Without our envelope of skin, we would evaporate.

The epidermis might be a wall, but it’s also constantly in motion, the stem cell springs of the stratum basale always pumping out new skin cells. Although an individual human sheds more than a million skin cells each day, making up roughly half the dust found in our homes,5 our entire epidermis is completely replaced each month, yet remarkably this endless state of flux doesn’t cause our skin barrier to leak. This fundamental secret of the skin was discovered by means of a slightly peculiar postulation.

By 1887, Lord Kelvin, the Scottish mathematician and physicist, was already famous for his innumerable scientific discoveries, not least determining the value of temperature’s absolute zero. But in his later years he sought to discover the perfect structure for foam. This odd proposal aimed to address a previously unasked mathematical question: what was the best shape to enable objects of equal volume to fill a space yet have the smallest amount of surface area between them? Although his work was dismissed as ‘a pure waste of time’ and ‘utterly frothy’ by his contemporaries, he worked his way through intense calculations, finally proposing a three-dimensional fourteen-face shape that when positioned together formed a beautiful honeycomb-like structure.6

The hypothetical ‘tetradecahedron’ doesn’t exactly trip off the tongue, and for a century it seemed that Kelvin’s contribution had no relevance to either material science or the natural world. Then, in 2016, scientists in Japan and London, with the help of advanced microscopy, took a closer look at the human epidermis.7 They discovered that as our keratinocytes rise up to the stratum granulosum before their final ascent to the surface, they adopt this unique fourteen-face shape. So even though our skin cells are always on the move before flaking off, the surface contacts between cells are so tight and ordered that water still cannot get through. It turns out that our skin is the ideal foam. Like the intricate geometric tiles seen in medieval Islamic architecture, our skin combines function and form to make a beautiful barrier.
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When our outer wall is repeatedly beaten and battered, our epidermis responds by going into overdrive, and anyone whose epidermis suffers repeated rubbing is likely to have calluses, from builders to rowers. I have a friend who, when he is indoors, will always be found strumming away on his guitar; whenever he is outdoors he climbs unfeasibly vertiginous rock faces. The wear and tear from both of these activities have prompted the keratinocytes in his epidermis to proliferate at a much higher rate than average, giving him hard, thickened calluses over his fingers and thumbs.

Callus formation – hyperkeratosis – is a healthy, protective response from our skin when it needs to reinforce the wall. But an unwanted overproduction of keratinocytes can lead to numerous skin conditions. Roughly one in three people have experienced the ‘chicken skin’ of keratosis pilaris, where tiny, flesh-coloured bumps cover most commonly the upper arms, thighs, back and buttocks, looking like permanent goosebumps and feeling like rough sandpaper.8 This inherited condition is caused by an excess of keratinocytes covering up and plugging hair follicles, forcing the shaft of the hair to grow within its sealed tomb.

Keratosis pilaris is harmless and usually has little effect on quality of life, but this isn’t true for all hyperkeratotic conditions. In 1731, a man called Edward Lambert was exhibited in front of the Royal Society in London. His skin (save for his face, palms and soles) bristled with black, crusty spines caused by extreme hyperkeratosis. The ‘Porcupine Man’, as he was dubbed, seemed to be the first of his kind. Lambert could only gain employment in a travelling circus touring Britain and Europe, and in Germany he picked up the equally undignified title of ‘Krustenmann’ – literally, ‘Crusty Man’. He lives on in the modern name for this exceedingly rare disease: ichthyosis hystrix – hystrix being the Ancient Greek for porcupine.

Aside from rare genetic diseases, failures of the epidermis’s all-important barrier function are also seen in more common conditions. In Europe and the USA, a fifth of children and a tenth of adults are affected by atopic dermatitis (the clinical name for eczema).9 Ranging from mildly irritating dryness and itching to a life-ruining disease, eczema was long thought to be a purely ‘inside-out’ condition, with an internal imbalance in the immune system damaging the skin.10 However, a study in 2006, led by a team at the University of Dundee, found that mutations in the gene that carries the code for the protein filaggrin were strongly associated with eczema.11 Filaggrin is essential for the integrity of the barrier of the stratum corneum. It keeps the dead, interlocking keratinocytes close together as well as naturally moisturizing this layer. A loss of this protein creates cracks that weaken the wall, letting allergens and microbes from the environment into the skin and causing water to leak out. This ‘outside-in’ model suggests that eczema (or at least many cases of it) is caused by structural impairments in the skin barrier, rather than internal immune dysregulation. It may also explain why people with eczema experience seasonal skin changes. A study published in the British Journal of Dermatology in 2018 found that in the winter – in northern latitudes, at least – the amount of filaggrin produced was reduced and the cells of the stratum corneum shrank in the cold, reducing the effectiveness of the barrier.12 This helps explain why eczema worsens in the cold of winter, with researchers advising extra protection with emollients over this period for those at risk. About half of people with severe eczema have a mutation in the filaggrin gene, and while it’s not the only reason for this complex disease – the outside environment and internal immune system are other causes – we now know that barrier dysfunction is a prime factor.

Despite the epidermis being the most accessible part of our most accessible organ, we are still discovering its secrets. In recent years it has become evident that the epidermis is more dynamic than ever imagined. A new body of evidence suggests that skin cells contain complex internal clocks that run on a twenty-four-hour rhythm influenced by the body’s ‘master clock’, which sits ticking away in an area of the brain called the hypothalamus.13 Overnight, keratinocytes proliferate rapidly, preparing and protecting our outer barrier for the sunlight and scratches of the coming day. During the day, these cells then selectively switch on genes involved with protection against the sun’s ultraviolet (UV) rays. A 2017 study took this one step further and found, rather remarkably, that midnight feasts could actually cause sunburn.14 If we eat late at night, our skin’s clock assumes that it must be dinner time and consequently pushes back the activation of the morning-UV-protection genes, leaving us more exposed the next day. So while studies are increasingly showing that a lack of sleep is detrimental to our overall physical and mental health, it now seems that our skin also benefits from additional sleep. The epidermis may be built to face the outside world, but it’s increasingly clear that it also looks inwards, even at when we choose to eat.

Below the epidermis lies a very different layer: the dermis. The dermis makes up most of our skin’s thickness, and it is a hive of diverse activity. Think of the epidermis as a factory roof, from where it’s possible to look down on to a bustling workshop. Cables of nerve fibres and pipes of blood and lymph vessels snake around towering protein supports, the whole scene populated by an equally varied workforce of specialized cells.

While keratinocytes are the predominant cells of the epidermis, arguably the most important cells in the dermis are the fibroblasts – the construction workers. These cells produce proteins that act as the skin’s scaffold: ropes of collagen provide skin with its strength and plumpness; elastin allows it to stretch and rebound after deformation. In between these towering structures is a gel-like matrix rich in vital molecules, such as hyaluronic acid, that carry out many other functions in our skin, including tissue repair following sun damage. The network of blood vessels in the skin is eleven miles long, enough to bridge Europe and Africa across the Strait of Gibraltar. These provide nutrients to the proliferating epidermis above and to the many specialized structures within the dermis itself.

The dermis also contains the skin’s own miniature organs − sweat glands, sebaceous (oil) glands and hair follicles, which together make our skin distinctly human. If you asked any audience which characteristic has especially enabled our species to survive, thrive and ultimately dominate the planet, you might hear ‘brain sophistication’ or ‘thumb dexterity’, but the human story could never have happened without our skin’s unique, if unromantic, qualities of nakedness and sweatiness.

No matter what the outside temperature, our body needs to tread an inner tightrope between 36°C and 38°C, and anything much above 42°C is lethal. The highly intelligent, but heat-sensitive, human brain could never have spread across the globe without a body capable of carrying it long distances in hot climates. This was only made possible by our industrious eccrine sweat glands. These particular sweat glands are shaped like strings of spaghetti, with one end coiled up deep in the dermis and the rest of the tube stretching all the way to the surface, opening up in a sweat pore. Our skin carries four million of these glands, and together they are capable of pumping out literally bucket-loads of sweat each day, with some humans capable of sweating three litres an hour. On a hot day, the brain’s sensitive hypothalamus detects a rise in the body’s core temperature and fires signals along autonomic (unconsciously acting) nerves to the eccrine glands, instructing them to send sweat to the skin’s surface. When sweat – essentially water with a few trace particles of salts – lies exposed on naked skin, it rapidly evaporates. The process of evaporation removes high-energy, heat-containing molecules from the body, immediately cooling the skin and the blood vessels of the dermis. The cooled venous blood then returns from the skin to the core of the body, preventing a dangerous rise in our core temperature.

We have eccrine sweat glands all over our skin, but their density is greatest on our palms and soles. However, these areas do not seem to produce a larger volume of sweat in response to heat and exercise; instead, the glands on our hands and feet respond keenly to another stimulant of our autonomic nerves: stress. This explains why we get clammy hands as we wait outside an interview room, no matter what the temperature. Perhaps surprisingly, the sweat on our palms and soles actually increases friction and grip on the skin’s surface, as our body readies itself for grappling with an enemy or fleeing up a tree. Sweat is also defensive.

But sweat is just one component of the skin’s thermostat. Blood vessels in the dermis, also stimulated by the nerves, either dilate to help the body lose heat or constrict to keep it in. Compared to most mammals, human body hair is conspicuous by its absence, and our lack of it is critical for evaporation when we need to lose heat. Conversely, when we need to stay warm we might not have a thick layer of fur, but our hair follicles temporarily toil together to form another covering. The hair shafts on our skin usually lie flat, but when it’s cold the arrector pili muscle attached to each hair follicle in the dermis contracts. This contraction makes the hairs erect, trapping a thin layer of warmer air above the skin and creating a temporary coat. The skin’s thermostat walks a fine line, then, continuously checking and responding to our temperature to keep us alive.

Another type of sweat factory in our dermis is the apocrine gland. Apocrine glands are physically similar to eccrine glands but their product, which is oily, has served a very different purpose in the propagation of humankind; apocrine glands are found in the armpits and in the nipples and groin, hinting at their likely roles in lovemaking.

Apocrine sweat is itself odourless but its smorgasbord of proteins, steroids and lipids is a feast to the legion of bacteria on our skin, which metabolize it into the not-so-sweet smell of body odour. It has long been thought that this natural eau de parfum contains pheromones, chemical compounds that trigger a physical or social response in other humans. Although science still hasn’t pinned down the exact molecules that may influence perceived attractiveness, humans are nevertheless exquisitely proficient at detecting their partner’s ‘odour print’. A prolonged sniff of your loved one will trigger happy memories and reduce stress levels.15

Apocrine sweat is also a love potion. Evidence suggests that the smell of sweat could play a role in our sexual preparedness. A 2010 study at Florida State University recruited daring (or well-remunerated) men to sniff the unwashed T-shirts of female volunteers. Intriguingly, testosterone levels increased only in the men who smelled the shirts of ovulating women.16 This ‘sweaty T-shirt’ study was first devised in 1995 by the Swiss scientist Claus Wedekind, and his original experiment produced fascinating results. Forty-four male participants were asked to remain unwashed and wear the same T-shirt for two days. The T-shirts were then placed into unlabelled boxes. Forty-nine females assessed the aromas of the boxes, ranking their intensity, pleasantness and even sexiness. The results overwhelmingly showed that women were most attracted to the scents of men whose major histocompatibility complex (MHC) genes were different from their own.17 These genes control our ability to recognize foreign molecules (and consequently dangerous microbes) and they effectively define the scope of our immune system. An individual human cannot hold a complete set of these genes; instead the countless variants are spread across the human population. This diversity means that any current or future microbe can be recognized by the immune systems of at least some humans, so a brand new flu epidemic, for example, could never wipe out all of humanity. Preferring a partner with dissimilar genes obviously makes sense from an incest-avoiding perspective, but studies also show that the offspring of partners with more dissimilar MHC genes have a more varied, and often stronger, immune system than children of partners with more similar MHC genes.18 Our skin–nose communication, enabled by the apocrine sweat glands in our dermis, could actually be saving us from extinction.

The last of the glands in our dermis is the sebaceous gland, our skin’s oil well. This small sack attached to a hair follicle secretes oily and fatty sebum up the shaft of the hair and on to the skin, lubricating both and contributing to the excellent waterproofing work carried out by the epidermis. The acids in sebum also keep the surface of the skin slightly acidic (between a pH of 4.5 and 6), which deters potentially dangerous bacteria, while those that adapt to this environment will be consequently less able to thrive if they manage to get past the skin and infect the alkaline environment of the blood. While nerves stimulate the wellsprings of our sweat glands, sex hormones have the greatest effect on sebaceous glands. This can become a problem when the pubertal rise in testosterone fuels excess sebum production, contributing to acne.

Our dermis has many tools in its inventory, and we are continually discovering more. In 2017 researchers from the University of Cambridge and the Karolinska Institute in Sweden found that the skin of mice, and probably humans as well, helps control their blood pressure. Skin contains proteins called hypoxia-inducible factors (HIFs), which influence the constriction and dilation – and therefore the resistance – of the blood vessels in our dermis. If our skin is starved of oxygen, these proteins cause a rapid ten-minute rise in blood pressure and heart rate, followed by a drop then normalization over forty-eight hours.19 Nine out of ten cases of high blood pressure in humans have no known cause, but some of the answers may well lie in our skin.20

Of the diverse cellular workforce inhabiting the skin city of the dermis, perhaps the most impressive are our immune cells. Skin is bombarded by uncountable microbes on a daily basis, which explains why it is formidably armed with an assortment of specialized immune cells. While most immune cells of the skin reside in the dermis, or are recruited there to do battle, they rely on sentinels that live up in the outer wall of the epidermis to warn them of incoming invaders. These sentinels are called Langerhans cells, discovered in 1868 by the German biologist Paul Langerhans at the tender age of twenty-one. When a potentially dangerous bacterium begins to break through the epidermis, a Langerhans cell detects the foreign invader.21 It then engulfs small molecules from the bacterium and breaks them up into even smaller pieces. These tiny fragments, called epitopes, are unique to the particular species of bacterium. Using them rather like barcodes, the Langerhans cell then places a bacterial epitope on its surface.

What happens next is extraordinary. The Langerhans cell, holding up its captured bacterial barcode, travels far away from the skin to the body’s lymph nodes. Through a series of astoundingly complicated interactions, many of which we do not yet understand, the Langerhans cell presents a ‘snapshot’ of the battle − showing where on the skin it is taking place and which enemy is involved – to a ‘T cell’. T cells are able to signal to other cells and organize a coordinated immune response against any invader.22 An even more remarkable feature of this response is that many T cells, like antibody-producing ‘B cells’, develop a ‘memory’ of this species of bacterium so that if it breaches the skin’s defences in the future it can be dealt with much more swiftly.
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Another example of this complex, coordinated precision-strike of our immune system is the itchy, painful rash caused by poison ivy. When a leaf of poison ivy makes contact with human skin, it leaves tiny oil molecules called urushiol that begin to travel through the epidermis and into the dermis. Some of these bind to the proteins found on the outside of skin cells. It just so happens that in almost all humans this specific oil–protein combination appears to our immune system to be a dangerous foreign microbe. In a similar process to the uptake of bacterial proteins, a Langerhans cell in the skin engulfs this oil–protein molecule, carries it to the lymph nodes deep inside the body and presents it to T cells. The first time someone’s skin is touched by poison ivy, there is no allergic reaction on the skin, but the body is sensitized and ready for action. The next time an area of skin makes contact with the plant, however, the individual’s T cells orchestrate a full-on attack, mistakenly believing there to be an infectious invasion. The recruited T cells destroy both the Langerhans cells containing the urushiol molecules and surrounding healthy skin cells, triggering pathways of inflammation that cause the same symptoms as the skin’s response to infection: itching, swelling and blistering.

The skin’s immune system contains many other weapons, each responding to a specific situation in an attempt to keep us safe. Our dermis is full of spherical, spotted cells called mast cells. They are the land mines of our skin, packed to the brim with powerful molecules, most notably histamine, which cause the symptoms of inflammation and allergy. If you want to experiment, scratch the skin along the back of your hand with a fingernail or a pointed object such as a pencil. Three things will always happen. Firstly, within a few seconds a red line appears. This is caused by mast cells emptying out their potent contents at the site, with histamine dilating the small blood vessels of the dermis to increase blood flow to the area. Secondly, after a minute or so, the redness appears to spread outside of the margins of the line. This is called the axon reflex, in which the histamine activates nerve endings, which send an impulse to the spine and back to the skin, which in turn dilates more dermal blood vessels immediately around the scratch site. Finally, a weal appears along the point of the original red line. This is because the dilation of all of these blood vessels increases their permeability, releasing blood plasma (the fluid that holds blood cells in suspension) from the vessels into the surrounding tissues. This causes the swelling that almost always accompanies inflammation. This inflammatory response is critical in our fight against injury and infection; by making all the roads to the affected area permeable, our skin enables the immune system to quickly address whatever has caused the damage.

During particularly dull lectures at medical school, one of my friends would invite me to take part in an unusual party trick. Using just a tiny amount of pressure with the end of a pencil, we would draw on his skin, which usually descended into playing noughts and crosses on his forearm. The swollen weals caused by our writing would take more than an hour to fade because he had a condition called dermographism (‘skin writing’) caused by excess histamine release from his mast cells. This excessive reaction is found in around 5 per cent of the global population, but the reason behind it is currently unclear.23

Our immune system is one of the fastest-moving frontiers of science, and skin is a fantastic laboratory. New interactions are continually being discovered; even new types of cell. In the skin immunology laboratory at Oxford University I have been able to study the roles of immune cells called ‘innate lymphoid cells’ in the skin, which were not even known about before the 2010s.24 In recent years, the manipulation of our immune system using biologics – therapies that target specific immune molecules – has been turning dermatology on its head. For example, the scaly plaques of psoriasis are the result of an over-proliferating epidermis, fuelled by a dysregulated immune system. For some, these patches are just an itchy nuisance, but in visible and severe psoriasis they can be life-changing. New biologic treatments have been shown to reduce the disease in 75 per cent of sufferers.25 With a promising pipeline of new drugs and the matching of treatments to one’s genetic code, this figure is creeping ever higher and it’s very likely that severe psoriasis will soon be a thing of the past.

Our epidermis and dermis are utterly distinct yet tightly connected. Both are anchored by thick, screw-like proteins to the thin ‘basement membrane’ that lies between them. The two layers interlock in an undulating interface, with the dermis extending up into the epidermis in a series of ridges. These ridges are most pronounced on the tips of our fingers (and toes), forming the spirals of our individuality: fingerprints. Look down at the tip of your thumb, then even closer, at the ridges and valleys that form its landscape. Unless you happen to be a member of one of the four families in the world with adermatoglyphia (a genetic lack of fingerprints), you will see one or more of the following three general patterns: whorls, which are circular, spiral shapes; loops, which start from one side of the finger, curve up and exit from the same side; and arches, which rise from one side, curve up and exit on the other side.

Our fingerprints form in the womb and are sculpted by a combination of genetic and random factors. A glance at the fingertips of a close family member will reveal the genetic component of fingerprints; their general patterns should be similar to yours. But even though some of the large patterns may appear similar within a family, the minutiae of these prints are unique; even identical twins differ. But do fingerprints have any purpose? The long-held belief that they improve grip has been questioned by studies that found that these ridges actually reduce the friction between fingers and other surfaces.26 An alternate hypothesis is that they increase our skin’s tactile sensitivity. Also, it is much harder to get blisters in these ridged areas, so they could play a role in reducing shearing forces. But, at the moment, the function of our skin’s signature is still as mysterious as its individuality. What we do know is that no matter how much our fingers grow, our fingerprints remain unchanged from cradle to grave.
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The fundamental importance of our literally skin-tight connection between the dermis and epidermis is sadly most evident in those who lack it. Imagine that if every time you scratched an itch or brushed your leg against a table, your skin peeled off. A penny-sized blister on a foot can be agonizing, but what if 80 per cent of your skin was a wound?

Hassan, a seven-year-old Syrian immigrant living in Germany, was born with a genetic condition called epidermolysis bullosa, in which the proteins that tightly anchor the epidermis to the dermis are missing. A shearing force as light as twisting a door handle would rip off the epidermis of his hand, causing immense pain and breaking the all-important barrier, letting water out and microbes in. The only viable skin left on Hassan’s body clung to his face, left thigh and a few patches on his trunk. In this state, he didn’t have long to live. Almost half of the children with this condition never make it to adolescence.

Hassan’s doctors at the University Children’s Hospital in Bochum, Germany, had tried the conventional treatment of skin grafting, using his father’s skin, but his body rejected the foreign tissue. In 2015 they decided to seek help from Dr Michele de Luca and his team from the University of Modena and Reggio Emilia, Italy. The group had been working on some remarkable ways of developing healthy skin in the laboratory, but this had been largely untested on humans, let alone a boy with only a fifth of his skin intact. Nonetheless, cells from Hassan’s surviving epidermis on his left thigh were taken and placed on a dish in the lab. Epidermolysis bullosa is caused by a mutation in a gene, called LAMB3, which is responsible for building the membrane between the epidermis and dermis, so the Italian team infected these cells with a virus that contained the healthy version of the gene, genetically modifying the cells. The team then grew nine square feet of this renewed skin in the laboratory and in two operations gave the boy’s raw, wounded surface a new covering. The whole process was roughly eight months long.

Hassan’s body did not reject the new skin, and for the first time in his life he had a protective outer barrier. But this was not the most remarkable discovery. When the study was published, two years after this experimental operation, Hassan’s skin was still completely intact.27 The stem cells incorporated in the new skin had formed a brand new stratum basale, producing fresh, healthy skin cells for perpetuity. In Hassan’s landmark case, our forgotten organ was the laboratory for two emerging fields poised to revolutionize medicine: stem cell therapy and gene therapy.

As we probe deeper into the skin, it becomes hard to tell where the skin ends and the rest of the body begins. The matrix of collagen and elastin in the dermis gradually gives way to a featureless region populated by ‘adipocytes’, or fat cells. Whether this hinterland, known as the hypodermis (or subcutaneous tissue) is a third, distinct layer of the skin or not part of the skin at all is ultimately a matter of semantics. This unloved layer may seem fairly bland, but our adipocytes are crucial in storing energy, insulating us and providing an indispensable layer of padding. The hypodermis is also highly vascularized, making it an ideal target for injecting a payload of medication, such as insulin.

We’re usually introduced to our hypodermis, however, in the form of our cottage-cheesy companion: cellulite. This upward protrusion of hypodermic fat, giving the skin a dimply, orange-peel appearance, is not a disease but a natural process in almost all post-pubescent women. Why cellulite appears in 90 per cent of women and only 10 per cent of men is all down to the architecture of the hypodermis. Subcutaneous fat is kept in place by collagen fibres that run from the dermis down to the fibrous tissue and muscles below. In women, these fibres are arranged in parallel, like the columns of a Greek temple. Prompted by a complex cocktail of hormones, genetics, age and weight gain (although cellulite is also common in young, athletic or slim women), the adipocytes can push up into the dermis, forming cellulite. Men, on the other hand, have criss-crossed collagen fibres resembling pointed Gothic arches, keeping the fat locked inside the hypodermis.

Skin is astonishing. Situated at the edge of the body, it protects us from, and connects us to, the outside world. It is familiar yet mysterious, and science is showing that the closer we look at the skin, the more we find out about ourselves. And there’s still so much to explore.
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Skin SafariOf mites and microbiomes


‘Great things are done by a series of small things brought together.’

VINCENT VAN GOGH



When you look closely at the back of your hand, it is as if you are in a passenger aircraft peering down at the world from 30,000 feet. You see ridges and canyons made of marks, scars and tendons, all dwarfed by a great mountain range of knuckles. Maybe you can make out blue rivers of veins and, if you’re hairy, a forest encroaching from the arm. Just as from a plane, you can make out the terrain down below but there is no indication of any life. But when an aircraft starts to descend, you begin to detect buildings and roads, then individual cars moving along these roads. Finally, on landing and after leaving the airport, you see throngs of people on the streets, all of whom had been invisible to you from the window of the plane.

If it were possible to zoom in on the terrain of our skin in a similar way, you would enter a strange, exciting world containing diverse populations of microorganisms. Indeed, on the two square metres of our skin there are more than 1,000 different species of bacterium, not to mention fungi, viruses and mites.1 Many of these are friendly ‘commensal’ bacteria, living happily on the skin neither causing harm to their host nor providing any noticeable benefit. Some bacteria are even ‘mutualistic’, conferring benefit to us, and are constructive components of skin society. However, others, called ‘pathogenic
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