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  Give or take the odd president of the United States, there are no names of individuals in this book – and very few names of universities, institutes and companies. This

  is a matter of policy, not oversight. In some ways this is a critical book and in order to tread the middle ground over some of the major scientific hypes of our time, it has been necessary to

  point out shortcomings in some very widely accepted research. This means finding fault with some cherished ideas and some cherished pieces of work. Sometimes the implication is that the science may

  be wrong, sometimes that there are forces at work other than the search for scientific truths. These might seem good reasons for naming names – but they are not. Science correctly proceeds by

  making mistakes, recognizing them and then hopefully eventually correcting them. And some of the forces that override the scientific process are very powerful, difficult for any scientist to oppose

  or ignore. My interest is in the subject matter – how it affects our lives, and how much or how little of it we should actually believe – not in witch-hunts. But although nobody is

  named, this book could not have been written without the decades of painstaking – if sometimes misdirected – research and writings of multitudes of scientists. I sincerely thank them

  all – and hope that one day they will each get the recognition they deserve.




  Throughout my own thirty years as a research biologist, I was acutely aware of how fragile science could be, both in my own field and in others. Shortcomings in the scientific process itself and

  the nepotism that masquerades as the peer review of both manuscripts and grant applications conspire to push research programmes in favoured and fashionable directions

  irrespective of validity. And when commercial and media interests also become involved, the scientific process can become brittle indeed. A book on the frailties of high-profile science always

  seemed very appealing. It wasn’t, though, an easy book to write, not least in the choice of subjects to cover. I could have made life easy and less contentious for myself by concentrating on

  areas that had been unambiguously proven to be flawed: for example, the search for treatments for morning sickness that culminated in the thalidomide tragedy, or the decades of theorizing about

  stomach ulcers that were turned on their head when the culprit was found to be a simple bacterium. But rather than produce a matter of record, I wanted instead to write a book that focused on

  topical subjects and explore the chances that these, too, might be flawed.




  As I considered the way in which each topic should be handled, my partner Elizabeth Oram was my strongest critic. She was the first hurdle each chapter had to clear before it was shown to the

  outside world. Catherine Whitaker at Macmillan then applied her keen editorial eye and saw immediately what was working and what was not. And throughout the process, my agent Laura Susijn was

  always at the end of the phone line to advise, cajole, criticize and encourage – usually gently. I thank all three for their combined wise advice and encouragement.




  
 





  Biological Times




  More than ever before, the fruits of biological research – which I take to include medical research – are becoming a staple part of our daily diet. Almost every

  news bulletin – and certainly every daily newspaper – now has its statutory item on health or the environment. GM foods, destruction of the rainforests, global warming, skin cancer,

  heart disease, mental health, and so on vie with each other to stir our emotions, generating fear or passion. And as each new issue arises, we turn to biologists for information and advice. Our

  questions are simple. For example, ‘Is it safe to eat beef?’ or, ‘How dangerous is sunbathing?’ Sadly, though, biology is a complex science and there are no simple

  answers.




  Partly for this reason, the biologists themselves – tongue-tied by the precise jargon of their subject – rarely answer us. Instead, an eager media intervenes, armies of journalists

  who on our behalf scour scientific journals and research labs around the world. They are looking for stirring stories, written in science-speak but ripe for translation into simple prose. Little is

  plainly presented, of course. It is fashionable to blame the media for the public face of science – but the public clearly yearns to be alternately alarmed and reassured and to be given

  quasi-evangelical causes. To be newsworthy, biology has to be crusading, frightening or reassuring. If the media are tempted to titivate biology, it is only because most people would otherwise find

  it boring. Given this, can we be certain that scientific truths are being fairly presented by the media? Can we even be certain that there are scientific truths in the

  first place? Perhaps the science itself is so unreliable – so fragile – that it does not merit our emotional energy, a simple case of much ado about nothing. The science itself could be

  faulty, nobody yet knowing the real truth. Or there could be pressures so great that neither scientists nor media are putting truth above all else.




  Consider the simple pressure of wanting to be popular. Biologists are well aware that some views will be more appealing to the media and the public than others. Suppose research showed that

  saving the giant panda from extinction was neither biologically nor economically justifiable. Who would be the more popular: someone who campaigned to save the panda’s habitat come what may

  or someone who stayed true to their science and campaigned to develop the area commercially? Then there is the even greater pressure of political correctness. Suppose a biologist discovered, beyond

  reasonable doubt, that rapist genes are present in all men. Rapists, therefore, are merely men unlucky enough to find themselves in a situation in which they cannot control themselves. De facto,

  all rapists should be allowed the claim of diminished responsibility. Who would dare publish such a finding?




  And biologists make mistakes. Again, this is partly because they are human, impatient for fame and funding when a small pilot experiment seems to produce tantalizingly earth-shattering results.

  But it is also because biology is a science, and in science mistakes are not really mistakes. Current truths are nothing of the sort; they are merely the best contemporary insight into a situation.

  And no matter how logical such insights might seem, they exist only for as long as it takes new research to prove them wrong. As a science, biology need have little concern for these mistakes; the

  mistakes of the past are simply stepping stones to the truths of the future. But to everybody else – all those who depend on biological advice to organize their lives and safeguard their

  health and future – such mistakes do matter.




  So how good is the science behind the media hypes of our time? The aim of this book is to strip away political correctness and popularity and examine as objectively

  and clearly as possible the scientific basis of some major contemporary concerns. In the process, a number of uncomfortable questions have to be asked. What if the public face of biology is playing

  down some research discoveries because they are politically incorrect or inconvenient? What if facts are being muted simply because people would prefer not to hear them? And – the biggest

  discomfort of all – what if some of our current medical advice is unjustified?




  Impossible? Not really. It’s happened before. True, the blaming of disease on evil spirits or bad humours to be released by sacrifice, bloodletting or leeches is far enough in the medical

  past to seem simply funny. Mention thalidomide, though – conjuring up images of babies with vestigial arms or legs thanks to a drug prescribed for morning sickness – and humour

  disappears. If such a major mistake can have been made so recently, what are the chances that mistakes are also being made now? Hopefully, low – but, for example, how good is the evidence

  that sunscreens protect us from skin cancer?
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  What If Sunscreens Cause Skin Cancer?




  It’s a nightmare thought – and surely impossible if we judge from the enthusiasm with which those who should know urge all white-skinned people to use sunscreens

  when venturing out into the sun. In Queensland, Australia – current skin cancer capital of the world – intensive public campaigns urging the use of sunscreens have been active since

  1983. On Bondi Beach, young entrepreneurs with spray guns squirt protective lotion on sunbathers who have arrived without their own. Even on some lukewarm British beaches, skin-cancer patrols

  – the first known as Operation Molewatch – dole out sun creams and advice to unprepared bathers. Weather-forecasters also do their bit and warn everyone of the risk from the sun’s

  ultra violet (UV) rays in the day to come. Some children’s clothing is marketed with spots which change colour according to sun intensity and sun Buster suits give neck to knee cover. Even

  the hoardings that advertise sun lotions now stress their protective as well as their tanning properties.




  Such zealous actions have arisen from major sun-awareness campaigns launched by mainstream medicine. Doctors’ surgeries all over the white world have leaflets and posters urging patients

  to be sensible when exposing their skin to the sun. Health authorities urge schools to reschedule outdoor activities away from the middle of the day and to provide sunscreen lotions and shaded

  playgrounds to help prevent pupils developing skin cancer. And the Imperial Cancer Foundation offers the following specific advice: wear a wide-brimmed hat that shades the face; if you work outdoors, try to reduce the amount of time spent in the sun at other times; avoid the sun between 11 a.m. and 3 p.m.; and wear a sunscreen of at least SPF 15 and a four-star

  UVA rating on skin that cannot be covered.




  The hype and advice is everywhere – and Caucasians around the world are taking notice. But how good is the science behind the advice? What really drives the sunscreen steamroller –

  evidence or industry?




  

    Rise and Rise


  




  The logic behind sunscreen use seems reassuringly impeccable. Skin cancer is thought to begin when UV rays from the sun penetrate the skin and damage the DNA of the

  skin’s cells, producing mutant genes that cause vulnerable cells to proliferate. The rationale of prevention is simple: stop the deadly rays from reaching the sensitive cells in the first

  place. Either don’t go into the sun, stay clothed, or use a chemical sun block that screens out UV rays, allowing only harmless sunlight to penetrate to the vulnerable cells.




  In the face of such powerfully simple logic, how could we question that sunscreens are anything but helpful? Yet, if we pause for a moment, there is a niggling worry. Sunscreens are, after all,

  manufactured chemicals that wouldn’t normally cover the human body while it was exposed to the relentless glare of the sun. And time and again research has identified the trigger of cancer to

  be an unnaturally intensive and/or extensive exposure to some chemical or another.




  As early as the eighteenth century it was noted that chimney sweeps were at an increased risk of scrotal cancer due – it was eventually discovered – to the way human skin transformed

  the otherwise harmless hydrocarbons in soot into carcinogens (cancer-causing agents). Since then, the list has grown and grown. Cigarette smoke – or the inhalation of large amounts of

  asbestos or coal dust, etc. etc. – can trigger lung cancer. Chemicals injected into meat-producing livestock may trigger bowel cancer in consumers. Excessive alcohol

  can trigger liver cancer. Cigarette smoke and excessive alcohol can trigger throat cancer. Excessive nicotine juice – from chewing tobacco leaves – can trigger tongue cancer. And so on

  – chemical, chemical, cancer, cancer. So where can we get reassurance that sun blocks actually prevent skin cancer rather than cause it? The obvious place to look is at how effective the use

  of sunscreens has been at reducing skin-cancer rates.




  The first major campaigns urging white-skinned people to use sunscreens began in Australia and then the United States and Europe in the early to mid-1980s. And the campaigns were certainly

  powerful. By the early 1990s, sales of sunscreens in Australia were rising by 30 per cent each year. In 1993, $50 million Australian (£23 million) was spent on sunscreens; over half a million

  litres were rubbed onto white Australian skins. Similar increases occurred all over the fair-skinned world.




  Yet, despite the obvious success of the sunscreen campaigns in winning public compliance, there is still no sign of the desired medical effect. All over the world, the incidence of skin cancer

  among fair-skinned people has rocketed throughout the 1980s and 1990s, roughly doubling every ten years. In Britain in 1935, the chance of a person getting the most dangerous form of skin cancer

  was one in 1,500. By the year 2000, the chance was one in 75 – a twenty-fold increase in risk – with no sign of the escalation slowing down, let alone reversing. As more people use

  sunscreens (and the more fervently they use them), the more are treated for skin cancer. What more evidence of cause and effect do we need?




  The answer – of course – is a lot more. Just because there is a strong correlation between sunscreen use and skin cancer does not necessarily mean that sunscreens actually cause skin

  cancer. Maybe there are other ways of explaining the trends of the past twenty years or so – or maybe there aren’t. There is a lot to consider before we can decide, but even then the

  conclusion isn’t pretty.




  

    



    Two Steps to Skin Cancer – and UV Blamed for Both


  




  Skin cancer – like all cancers – develops as a result of abnormal cell reproduction. There are different types of skin cancer, depending largely on which cells in

  the skin begin to behave abnormally, and three of them – to be described later – concern us here. These are: Basal Cell Carcinoma (BCC), Squamous Cell Carcinoma (SCC) and malignant

  melanoma. They behave very differently from each other and pose different threats to a victim’s survival. The main similarities are that they are all cancers of the skin, are all currently

  thought to be triggered by overexposure to the UV components of sunlight and are all thought to develop in a two-step process.




  The first step occurs when something causes DNA in the centre of a cell – the nucleus – to mutate, changing the cell’s character from obedient servant to malicious anarchist.

  Healthy cells divide only when told to by chemical signals reaching their DNA. And normally they reproduce at exactly the rate required to replace the naturally dying cells around them. Mutant

  cells have the potential to disobey the growth-regulating signals and to multiply anarchically.




  In fact, most such mutations in the skin are probably short-lived because a damaged cell responds by producing an enzyme that chemically repairs such damage. We know that this must be happening

  because people with a defect in the gene that organizes such repair – a condition known as Xeroderma Pigmentosum – are 1,000 times more likely to develop skin cancer than other people.

  Even if the damaged DNA isn’t repaired, though, cancerous cell multiplication still doesn’t happen immediately; the first mutational step alone isn’t enough to lead to skin

  cancer. For a long time after the initial damage, the body’s defences – the immune system – seem able to keep the potentially anarchistic cells under control.




  It is the second step that marks the real beginning of skin cancer – immune suppression leading to a weakening of the body’s control over the cell. Then the

  disobedient cell begins to divide and gradually forms a mass called a tumour or neoplasm. Even then, some tumours are benign and simply stay where they are, not spreading to surrounding healthy

  tissue. Others, though, are malignant – invading, compressing, and eventually destroying surrounding healthy tissue. Some of the cells can break away from a malignant tumour in a dangerous

  process called metastasis. These cells are carried by the blood or lymph systems to other parts of the body, where they continue to multiply and so form secondary tumours. Escape from immune

  control could be the reason why a high incidence of skin cancers is one of the commonest symptoms of immune deficiency syndromes – such as AIDS. It’s a sobering thought that we could

  all be walking around with mutated cells in our skin, just waiting to become cancerous as soon as there is a dive in our immune systems.




  According to current theory, both of the steps on the road to skin cancer are due to overexposure to UV light. Sunbathing and similar activities are thus thought to be doubly dangerous; not only

  might the UV light we expose ourselves to cause the initial mutation of DNA, it might also suppress the immune response. Exactly how UV light might cause DNA to mutate is unclear. It could be

  direct – the UV itself damaging the DNA. Or it could be indirect, the UV changing the skin’s chemistry so that one of the products then alters the chemistry of the DNA. It is also

  unclear how UV light could suppress the immune system.




  The evidence that UV light might suppress the immune system comes from experiments on mice in which animals exposed to UV light were less able than controls to reject tumours grafted on to them

  from other mice. Part of the problem in identifying the suppression process any further is that the mechanism by which the immune system keeps potential tumours in check in the first place is

  unclear. It may work like this: special messenger cells in the skin pick up fragments of proteins from the mutated cells, just as they do from other infectious agents such as viruses and bacteria.

  They then carry those fragments to the lymph nodes, which respond by dispatching killer T-cells specific to the problem. Enough killer cells are thus produced to keep the

  attacker or tumour in check. So perhaps UV light reduces the number of messenger cells, causing fewer defensive T-cells to be produced. UV light might destroy the messenger cells directly, or again

  it might simply trigger chemical changes in the skin that in turn kill or interfere with the messenger cells. One suggestion is that UV might alter the structure of one of the commonest chemicals

  in the skin, Urocanic acid, which in experiments on mice appears to be immunosuppressive.




  Whatever is going on during the tug of war between tumour and immune system, there is some evidence that even growing tumours can sometimes be eradicated naturally. A tiny fraction of human skin

  cancer cases heal spontaneously. Nobody quite knows what happens on these occasions, but at least in mice, diet might be a factor. In tests, a low-fat diet seemed to curb the spread of cancer

  – and so, too, did drinking green tea! Mice exposed to UV and given green tea to drink instead of water reduced their risk of skin cancer by up to 87 per cent. The prime example of an ability

  to reverse skin cancer, though, is the Vietnamese pot-bellied pig. Work at the Royal Veterinary College in Britain found a particularly high incidence of skin cancer, shown in black patches, among

  its stock. However, after a number of weeks the cancer spontaneously disappeared in 99 per cent of cases, even if a pig initially had hundreds of tumours over its body. The pigs’ immune

  systems had produced enough antibodies to destroy the tumours, leaving nothing behind but a white mark.




  

    UV and the Different Types of Skin Cancer – Melanomas and Non-Melanomas


  




  Human skin is like a two-layered cake sitting on a cake board. There is icing sugar on the cake’s surface and jam in its middle. The icing sugar

  on this skin-cake is a layer of dead cells – keratinocytes – that are continuously being sloughed off. The top layer of cake (the epidermis) is about as thick as a sheet of paper. It

  also consists mainly of keratinocytes but these are alive, not dead; a mixture of young, middle-aged and dying cells on a month-long journey from their birthplace in the jam (the basal layer of the

  epidermis) to their programmed death at the skin’s surface. Although the cake board (the subcutaneous tissue) and the bottom layer of cake (the dermis) are many times thicker than the

  epidermis, they do not really play a major role in our story. We are much more concerned with the basal layer, which is where cancer forms, and the upper part of the epidermis, which tries to

  protect the basal layer.




  The basal layer consists of a mosaic of pigment-producing melanocytes and column-shaped basal cells, interspersed with squamous cells whose primary function is to space and support the other

  two. These three types of cell are the most important progenitors of skin cancer. Basal cells continuously divide to produce an ever-changing layer of keratinocytes above them. In contrast,

  melanocytes do not continuously divide. Instead, they manufacture granules of the pigment melanin, usually in two different colours: brown eumelanin and reddish phaeomelanin. Most people produce

  both types of melanin but some redheaded people produce only phaeomelanin – a fact that seems to make them particularly vulnerable to skin cancer, as we shall see.




  

    Types of Skin Cancer


  




  The most common type of skin cancer forms from abnormal division of a basal cell and is known as Basal Cell Carcinoma (BCC). It begins as a small, pink lump that slowly

  enlarges. The next most common type forms from abnormal division of a squamous cell and is known as Squamous Cell Carcinoma (SCC). It begins as a thickening or lump that later breaks down to form

  an ulcer with a crust. Together, these two types of skin cancer are known as non-melanoma skin cancers, to distinguish them from the much more dangerous malignant melanomas

  which form from abnormal division of melanocytes.




  BCC invades and destroys surrounding healthy tissue but it does not spread to distant parts of the body and so can easily be treated and is rarely dangerous. If left untreated, though, it can

  lead to quite severe disfigurement. SCC if left untreated can sometimes metastase and lead to death. Together, the two forms are becoming increasingly common, with Australia leading the field. By

  1990, 150,000 Australians needed treatment annually and the death rate was 1,000 per year. In Queensland alone, 30,000 or more new cases are being reported yearly; in the tourist region near Cairns

  around 10 per cent of men between the ages of sixty and sixty-nine have had carcinomas confirmed. In Britain there are roughly 45,000 new cases every year and about 500 deaths, with the number

  increasing yearly.




  The much more dangerous variant of skin cancer, malignant melanoma, may start as either a flat or a raised mole. Many people have numerous moles on their bodies and deciding which might need

  closer examination and which are completely harmless can be difficult. According to the American Cancer Society, the key signs are asymmetry (most melanomas have an irregular shape and if a line

  were drawn in the middle, one half would not mirror the other), a border (most do not have a smooth edge but have an irregular border which may also be inflamed and red), the colour (most are not

  just one colour but a mixture, including brown, black and blue) and the diameter (most normal moles are smaller than the blunt end of a pencil). In particular, it is the combination and rapid

  change in these signs that might indicate a melanoma. Other symptoms include itching, bleeding and satellite lesions – small marks such as a red area, brown spots, or a white ring –

  around the edge of the mole.




  Malignant melanomas are dangerous because they can grow and metastase quickly. Surgery is effective if the cancer is detected early but once metastasis occurs, most treatments fail. Only 6 per

  cent of people live five or more years after diagnosis of advanced melanoma. By 1992, 7,000 Australians per year were acquiring melanomas and the rate was roughly doubling

  in each decade. In the United States in the 1980s the incidence among the white-skinned population increased by about 4 per cent per year. Then, through the 1990s as in other countries, the rate of

  increase was about 7 per cent per year. In Britain, cases doubled between 1980 and 1995 and by the year 2000 there were about 5,000 new cases each year from which about 1,500 people were dying;

  about a tenth as many cases as non-melanomas but with three times the deaths.




  A few cases of melanoma – though perhaps no more than 10 per cent – are due to a genetic predisposition (with the probable location of the defective gene being on the short arm of

  Chromosome 1). The chances of a person who possesses this gene actually developing a melanoma are high – around 90 per cent.




  

    Sun, Sex and Age: Body Parts Exposed


  




  Current advice on how to prevent all three of these forms of skin cancer assumes that UV light is the culprit and that sunscreens are beneficial, not dangerous. This assumption

  comes largely from surveys showing who and which parts of the body are most at risk to the different cancers. The pattern of risks, though, is different for the different types. For example,

  melanomas strike all age groups but non-melanomas strike older age groups more than younger. Everywhere, non-melanomas erupt mainly in the over-fifties – though a recent trend in Australia

  has been for increasing numbers being reported by people in their thirties. Secondly, melanomas strike men and women equally whereas non-melanomas are twice as likely to strike men than women. In

  1995, for example, 697 men and 698 women died of melanomas in England and Wales. By comparison, fourteen Queensland men in every 1,000 acquire non-melanomas each year compared with only seven women

  (in the southern states of the United States the comparable figures are six and three). This apparently greater vulnerability of men to non-melanomas, though, may actually

  be an artefact – because a third factor is that non-melanomas are most common in people who work outside. Melanomas, on the other hand, are more common in people who work indoors,

  particularly office workers. It may simply be that more men work outside whereas the numbers of men and women are more evenly split in offices.




  This link between working outside and a greater risk to non-melanomas is one of the reasons that sunlight is thought to trigger BCCs and SCCs. Another is that the tumours on both sexes occur

  most often on the most exposed parts of the body – the face, hands, arms and neck – and become increasingly common the nearer to the equator that white-skinned people live. The lighter

  a person’s skin and the more freckles they have, the greater they are at risk to non-melanomas. Redheads are ten times more likely than the average person to develop non-melanomas. Other

  people whose skin is so light that they burn rather than tan are 50 per cent more likely to develop non-melanomas than people who tan rather than burn. In one study, people reporting just one case

  of sunburn during childhood with pain lasting two or more days were more likely to develop the dry, scaly growths of skin called solar keratoses which are a precursor for SCC. And people reporting

  six or more painful sunburns in their lifetime were three times more likely actually to develop SCC. The current theory of the generation of non-melanomas, then, is that sunburn during childhood

  triggers mutations in the exposed parts of people’s skin but that the cancer does not then develop for another twenty – perhaps even forty or fifty – years. The critical factor

  affecting development is thought to be the accumulation of damage due to total exposure to sunlight. The more and the stronger the sun to which any given patch of a person’s skin is exposed,

  the greater the risk that a non-melanoma will develop on that patch.




  A quite different theory, though, is needed to explain the pattern of attack by melanomas. Not only do they strike most at people who work indoors, they also strike at parts of the body

  that are less exposed than the face and hands: the trunks of men and the legs of women. Melanomas are also unusual among cancers in that they tend to strike affluent

  people more than less affluent people. The favoured theory – and the one on which current advice to prevent melanomas is based – is that melanocytes are vulnerable to intermittent

  exposure to sunlight strong enough to lead to burning. The most vulnerable time of life is thought to be during childhood. This is because people who migrated to Australia when younger than ten

  years old have been found to suffer the same incidence of melanoma later in life as people who were born in Australia. But those migrating to Australia after the age of fifteen years subsequently

  suffer only the same incidence as people in their homeland. The implication – as with non-melanomas – is that it is sunburn during the first ten years or so of childhood that determines

  the risk of melanoma twenty or so years later in life. It is even thought that only one to three episodes of blistering sunburn in early childhood might be enough. Intermittent exposure alone is

  thought to increase the risk of malignant melanoma by 70 per cent, while sunburn might nearly double the risk. Perhaps children in the most affluent families are most affected because they are the

  most likely to fly off to the sun for a beach holiday for just a couple of weeks each year, a habit that they continue into an adult life spent largely working indoors.




  

    The Logic of Natural Protection


  




  Most mammals are covered with hair, move in and out of the shade, and have protective melanin deposits in exposed areas of skin, such as the tips of their ears or their noses.

  Ravages from UV light and skin cancer are not a significant problem. When skin cancer is reported in mammals outside the laboratory, it usually concerns domesticated species – bred

  artificially for characteristics other than resistance to UV light – rather than wild animals. In particular, skin cancer has been noticed in species transported

  from temperate latitudes to Australia. Those at greatest risk are all without pigment – white cats, white-faced Hereford cattle and English bulldogs – and it is mainly their ears and

  noses that are vulnerable to the searing Australian sun.




  When our human ancestors first evolved, losing their protective layer of hair, natural selection changed their skin so that melanin production occurred more or less all over the body, thus

  continuing to provide protection. The main mechanism is as follows. Although melanocytes produce melanin granules within their own cell body, these granules of pigment are soon ejected and shared

  among the surrounding newborn keratinocytes. As the keratinocytes migrate outwards towards the skin’s surface they carry the pigment with them – as if raising an umbrella over the cells

  they leave behind.




  Perhaps surprisingly, all people have about the same number of melanocytes – usually between 1,000 and 2,000 per square centimetre. Variation in skin colour between races and individuals

  depends much less on differences in the number of melanocytes than on differences in the types and amount of pigment they produce. The darkness of a person’s skin depends on the size and

  number of the melanin granules that each melanocyte produces; the hue of their skin depends on the relative proportions of eumelanin and phaeomelanin. Tanning occurs when the melanocytes in the

  skin of a normally white person increase their production of melanin.




  Melanin and the process of tanning are prime examples of the exquisite nature of natural selection. Melanin does more than screen out UV light; it is selective over what it does or does not

  screen and the melanocytes respond to what gets through by adjusting their level of melanin production. This is necessary because the sunlight that strikes the outer layers of the earth’s

  atmosphere has three main bands of UV – usually known as UV-A, UV-B, and UV-C – in its spectrum. The different bands have different characteristics and pose different threats.

  Physically, UV-C has the most energy and potentially could do the most damage to exposed skin. However, a layer of ozone in the earth’s stratosphere – to be

  discussed later in connection with global warming – is relatively impenetrable to UV-C and prevents most of it from reaching the earth’s surface. UV-B is intrinsically less damaging

  than UV-C but, although much is blocked by the stratospheric ozone layer, enough still gets through to be dangerous. UV-A is an even lower energy band of light but is blocked even less by the ozone

  layer. Purely in terms of energy, it should take about 1,000 times as much UV-A to damage skin as UV-B. But as ten to a hundred times more UV-A passes through the atmosphere than UV-B, the

  difference in threat from the two sources is not as great as it might seem – only a factor of ten to a hundred.




  Natural selection adopted melanin as the sun-screening pigment for human skin because it absorbs UV-B and UV-C but allows through UV-A. This is not an evolutionary oversight but a clever part of

  the tanning system by which the skin protects itself. In effect, the skin monitors the amount of relatively harmless UV-A penetrating through to the basal layer. It then adjusts the production of

  melanin just enough to screen out the UV-B and any UV-C. The more UV-A that penetrates the skin, the more melanin is produced to screen out the higher doses of UV-B that must also be arriving.




  A suitably dense layer of melanin in the epidermis is still undoubtedly the best natural protection against UV light for humans. Skin cancer is a white-skin affliction. It is rare in

  dark-skinned people – even those living naked in the tropical sun – and uncommon in white-skinned people who tan easily. People who tan rather than burn suffer 33 per cent fewer

  non-melanomas than people who burn rather than tan. And redheads lacking eumelanin completely are ten times more likely than average to develop a non-melanoma. This could be due to the differing

  amounts of UV light that penetrate people’s skin – but there could be another explanation, as we shall discuss later.




  So why did natural selection make the apparent mistake of producing people who lacked the permanently dense layer of melanin that would have given them sure-fire protection? Why go to the

  lengths of evolving such a complex procedure as tanning when a black skin would be safer? There can be only one logical answer – a little UV-B penetration is

  beneficial, too much is bad. Screening out too much UV-B must actually be detrimental to our health, just like screening out too little.




  The main benefit of sunlight on the body has been known for a long time. It is necessary for the stimulation of the production of vitamin D, which is essential for the development of healthy

  bones. In addition, it improves skin conditions such as psoriasis and makes people feel psychologically better, perhaps reducing the frequency of depression (particularly the variant known as SAD,

  Seasonal Affective Disorder). It is even possible that sunlight reduces the risk of coronary heart disease and multiple sclerosis, again perhaps through its effect on levels of vitamin D.




  Too much melanin in the skin can hinder the production of vitamin D. People from the tropics, with a naturally dense layer of melanin in their skin, can suffer badly from vitamin D deficiency

  when they migrate to live in higher latitudes such as northern Europe and North America. The weak temperate sun just does not have the strength to penetrate the melanin and stimulate vitamin D

  production. Skin diseases are common and so, too, are bone-development illnesses, such as rickets. Vitamin D supplements to the diet are often necessary if such migrants are to remain healthy.




  Without vitamin supplements to hand, evolution did the next best thing when our ancestors began to migrate from their African cradle to colonize less sunny climes: it reduced the level of

  eumelanin production as appropriate to the strength of the local sun. And in the case of people entering cloudy climes, it often reduced production completely, producing, for example, the redheads

  of the Atlantic coast of north-west Europe. Many of the areas colonized, though, were seasonally sunny. What was needed was a tanning system that increased the production of protective melanin as

  the sun grew in strength, followed by decreased production when the sun grew weak.




  Unfortunately, of course, in many climates, the sun does not pass slowly and smoothly from strong to weak as the seasons progress. Often, long periods of cloud can

  suddenly give way to days of clear skies and intense radiation. And increasingly as our species migrated away from the equator, people wore clothes that could be put on and shed according to the

  weather. This produced yet further problems as evolution tried to balance vitamin D production and UV protection. In our evolutionary past it was inevitable that on occasion skins without a

  protective melanin layer would be bombarded by UV-B and would burn and be damaged. Evolution needed one final solution – and the one it produced was peeling, the mechanism by which it sheds

  any layer of damaged cells to replace them with new and undamaged cells. If the damaged skin does not burn and peel, the damaged skin cells can survive and reproduce, potentially leading to cancer.

  There may even be an additional protective mechanism – moles. Quite possibly these are localized areas of heavy pigmentation to protect ‘hot spots’ on a person’s skin;

  positions at which sunlight has been particularly focused in a person’s past and which may need special protection in the future.




  So melanin, tanning, peeling and maybe even moles are evolution’s solutions to the twin dangers of too much UV light and too little vitamin D production. It leaves us with two big

  questions: how complete were these solutions at the time, and how robust are they for modern humans? We can’t really answer the first question – but the optimist’s view would be

  that the solutions were perfect. Consider Negroes in the tropics, redheads in northwest Europe, blondes in northern Europe and dark-haired people in southern Europe, etc. Suppose that they were all

  naked from birth and were free to move in and out of the sun as they felt the need. Suppose that they travelled only by walking. And suppose that they never applied chemicals to their skin. How

  many would suffer vitamin D deficiency or skin cancer? We don’t know, of course – but it would be a fair guess that only a few would do so.




  But this isn’t how we live our modern lives. Global migration has taken many a sun-adapted Negro to the gloom of the temperate zone and many a shade-adapted redhead to the tropics.

  People are rarely naked from birth, so the tanning process is unable to weave its protective magic in the exquisite way it was intended. Nor do people’s occupations

  allow them to move in and out of the sun as they feel the need. Some are forced to work day in, day out in the artificial light of offices; others are forced to work long hours in the relentless

  sun. Air travel can wrest a person from sombre winter skies to tropical sunshine in a matter of hours. And people’s skins are continuously exposed to a mixture of pollutants, soaps,

  cosmetics, lotions – and, of course, sunscreens.




  It isn’t at all surprising – with such a difference between our evolved state and modern life – that skin cancer is on the increase. The question, though, is whether the whole

  package of twenty-first-century life is to blame or whether in this extensive list there is one main culprit.




  

    The Logic of Artificial Protection – Sunscreens and Solaria


  




  Sunburn is unpleasant. It happens when the density of melanin in our skin isn’t adequate to screen the underlying tissue from the cooking effect of UV light. From time to

  time even our naked or near-naked, free-living ancestors will have sunburned. Although they, better than us, will have been able gradually to build up and lose their tans as season followed season,

  they will still have been vulnerable to sudden changes in the weather.




  We stand even less chance of being prepared for the first hot and sunny days of spring and summer. Yet, when they arrive, white-skinned people are drawn to the outdoors like a magnet, throwing

  off their clothes and soaking up the sun’s rays. Whether as slaves to fashion or slaves to some basic urge, such people enjoy the sun and consider a good tan to be a sign of health, vigour,

  attractiveness and affluence. But on a day-to-day basis, few of us can strip when the sun shines during the lukewarm days of spring, thereby building up a slow and effective tan in advance of the really hot days of summer. Many of us are forced to work indoors for fifty weeks a year, then in desperation fly in search of hot sun for the remaining two. Or we are

  forced to work outdoors in burning sun far beyond the stage that, if free to do so, we would seek shade. Whatever our personal circumstances, an annual sunburn is a real possibility. There is a

  demand, therefore, for some artificial aid. Something that will allow us to indulge our urge to be in the sun by not only protecting us from sunburn but also allowing our skin to increase its

  melanin production to the level needed for natural protection. The more we globetrot, the greater the demand. And science has come up with two such aids – the chemical sunscreen and the

  solarium.




  The ideal sunscreen was initially thought to be one that exactly mimics the action of melanin. In other words, it screens out the dangerous rays of UV-B and UV-C but allows through UV-A. That

  way, it protects us from sunburn while at the same time allowing melanin production to be stimulated so that we eventually tan. Sunscreens are usually marketed with their ability to screen out UV-B

  described in terms of a sun protection factor (SPF). SPF is a measure of how long it will take the sun to redden skin protected by the screen compared with how long it would take to redden

  unprotected skin. An SPF of 8 means it takes eight times as long for redness to appear, which should mean that the screen is blocking out nearly 90 per cent of UV-B light. For comparison,

  lightweight clothing has an SPF of between 5 and 15. However, countries differ in the way manufacturers test the SPF factor of their products. For example, Australia carries out tests using

  volunteer humans exposed to lamps designed to simulate the UV spectrum of the sun. In Germany, the lamps used don’t attempt to simulate the solar spectrum, and in Britain some manufacturers

  don’t use humans to test their products but use mice instead.




  In recent years, with concern growing that UV-A might not be as harmless as was first thought, sunscreens have changed and increasingly block UV-A as well as UV-B and UV-C. A separate

  rating system has been introduced for UV-A – the star system. These stars, though, are not a straight indicator of how much UV-A is blocked, but rather a measure of

  how much UV-A is blocked relative to UV-B. Thus a four-star rating on a factor 15 sunscreen is different from a four-star rating on a factor 5. There have been recent moves to try to make the UV-A

  rating more explicit.




  Another approach used by increasing numbers of people trying to avoid sunburn on holiday is to build up a tan in a solarium before exposing themselves to the rays of the real thing. This has the

  additional advantage, of course, of giving the person the cosmetic benefit of a tan at times of year when tans are uncommon. Tanning salons in the United States doubled in number every two years in

  the late 1980s and now over 1 million Americans use commercial solaria each day. In Britain, the figure is more like 3 million people per year.




  Proponents argue that obtaining a suntan in a controlled environment through the sensible use of a sunbed is a more responsible way to get a suntan than overexposure to natural sunlight.

  Opponents, though, argue that the practice is dangerous. The main problem with artificial tanning has always been the difficulty of producing lamps that accurately mimic solar strength and

  spectrum. Early versions of tanning lamps produced large doses of UV-B and often burned the sunbathers. Some commonly used mercury halide lamps have five times the UV-A found on a sunny day at the

  equator. Any deviation from natural sunlight takes the artificial light away from the range that the human tanning system has evolved to respond to safely and effectively.




  In experiments on genetically hairless mice, some of the early tanning lamps produced 100 per cent skin cancer; even some of the common modern lamps produce cancer in 5 per cent of mice. There

  are reports from the United States and elsewhere of people dying from using sunbeds. The number is small – probably only twenty worldwide – but if skin cancer takes decades to develop,

  it could be a while before the full impact of solaria is seen; the sunbed industry is still relatively young. Forecasts have been made that between 50 and 60 per cent of

  people who use sunbeds once or twice a week for four years would develop precancerous cells that could eventually lead to cancer.




  

    Do Sunscreens Work?


  




  There is absolutely no doubt that sunscreens help to prevent sunburn and peeling. After all, their effectiveness is measured by how much longer it takes skin to burn with

  sunscreen as compared to without sunscreen. But do sunscreens prevent skin cancer? There is no clear answer.




  On the positive side, some experiments exposing mice to sunlamps have reported that sunscreens seem to prevent at least some mice from getting cancer. Studies of humans, too, have provided some

  indirect evidence that they might be protective in that regular sunscreen use can prevent solar keratoses – discoloured spots that are a precursor of SCC and a risk factor for melanoma. In a

  study, fifty people who already had solar keratoses used broad spectrum UV-A and UV-B (SPF 17) screen every day for a summer. By the end of the summer, they had fewer new keratoses than a control

  group using a non-sunscreen cream. They also had more remissions, old keratoses disappearing. On the negative side, experiments in which sun lotions were rubbed on the ears of mice before exposing

  them to a sunlamp showed an enhanced growth of melanomas. Another study found that people who used sunscreens in fact suffered more melanomas.




  So, with the evidence that sunscreens might protect against cancer being at best confusing, we can return again to our original question. Might sunscreens actually cause the cancers they have

  been designed to prevent?




  

    



    What Causes Skin Cancer – UV Light or Sunscreens and Other Chemicals?


  




  UV light undoubtedly has the power to cause cancer in the skin of mammals. As early as the 1930s and 1940s experiments on mice showed that doubling the dose of UV halves the

  time to the onset of a tumour. UV light – particularly UV-B and UV-C wavelengths – is dangerous. This is why our ancestors evolved whole-body melanin and a tanning system when they lost

  their hair and strode naked through the African sun en route to colonizing the world. By the same token, though, despite the ever-stronger finger of suspicion, we should not intuitively expect UV-A

  to be dangerous to human skin. If it were, natural selection would not have devised a screening system deliberately transparent to these wavelengths.




  We have to ask, though, whether experiments on the skin of mice really tell us anything about humans. Before mice were brought into the laboratory and turned into myriad genetic strains,

  including the hairless mouse, the species was active by night, skulked in the shade by day, and was covered with hair. Evolution had never needed to protect them from high doses of UV light in the

  way it had humans. When an experimenter turns his UV spotlight on a shaven or hairless mouse, relative to human skin he or she is dealing with skin that is unprotected and unprepared in all senses

  of the word. Not only are laboratory studies usually carried out on artificially defenceless mice, they invariably use sunlamps rather than natural sunlight, thereby distancing the experiments

  still further from relevance to humans in the sun. And to emphasize the point, research into melanomas has been particularly hampered because no one has yet been able to make natural sunlight cause

  a melanoma in a laboratory animal.




  Suppose, for the moment, that UV light were not the cause of the skin-cancer epidemic we are seeing in humans. Suppose we step back from the hype, propaganda and advice of the past two

  decades and ask what else might be to blame. As in any consideration of cancer, the first and obvious place to look is our environment of man-made chemicals. Particularly

  as we now know our skins are virtual sponges to whole ranges of chemicals. For many years, it was thought that human skin was an impervious layer that protected us fairly completely from our

  chemical environment. We now know that this isn’t the case. Studies using human tissue, such as removed during mastectomies and other surgery, have shown that most chemicals we put on our

  skin are absorbed to some degree. They have also shown that human skin has very different absorbent properties from rodent skin, casting doubt still further on any conclusions reached from research

  using laboratory animals. Such absorbency means that any one of the range of soaps, talcs, aftershaves, lotions, medications – and of course sunscreens – that we have been putting on

  our skin over the past few decades could have been absorbed into our tissues, thereby triggering illnesses. For example, in the 1970s hexachlorophene was used as an antiseptic in baby soaps and

  talcs but was later blamed for causing brain damage and death in some babies after penetrating their skin.




  As in the case of hexachlorophene, most of the effects of chemicals absorbed through the skin would have been apparent relatively quickly. But the effects of chemicals that cause skin cancer are

  likely to be delayed, to surface years or even decades later. Even so, some industrial chemicals have already been associated with an increased risk of skin cancer. These include coal tar, soot,

  pitch, asphalt, creosote, paraffin wax, petroleum derivatives and arsenic. As a result, the more obvious occupational skin cancers are declining because most people at risk now wear protective

  clothing. Nevertheless, in Britain professional chemists are still at an increased risk to skin cancers – and in Taiwan and perhaps also in Mexico and Germany, risk of skin cancer correlates

  with the level of arsenic in the water supply. A chemical threat to our skin is clear.




  So, if it is correct that events during childhood are particularly to blame for melanomas and non-melanomas twenty or more years later, how can we be certain that the

  current skin-cancer epidemic among people fifty years old or more is not due to chemicals that were rubbed on their skin when they were children in the 1950s and 1960s? It is not difficult to find

  examples of skin-care products that in hindsight were risky. For example, we have already seen that Urocanic acid has been linked to the immune-suppression step in skin cancer. Long before this was

  suspected, the chemical was used as a moisturizing agent in a whole range of skin lotions. In the 1960s, it was even hailed as a natural sunscreen – and was still present in some skin

  products as late as 1991.




  As a further example, a study of a well-known range of tanning lotions in the mid-1990s was carried out on nearly 1,000 people. One group that had developed melanomas was compared with a similar

  but otherwise healthy control group. The study found that fair-skinned people who had used sun creams containing the chemical psoralen, which is extracted from bergamot oil, were four times more

  likely to develop malignant melanomas than people who had not.




  The people taking part in the study were recruited from France, Belgium and Germany because these were the main countries in which the sale of sun lotions with such high concentrations of

  psoralen was allowed. Earlier studies on rodents had already suggested that the main ingredient might be carcinogenic, so the products had never been approved in the United States. They were also

  banned in Switzerland – and in Britain could be sold only if the concentration of psoralen was less than one part per million (thirty to sixty times lower than allowed in the countries

  studied). After the study was published, a European Union committee voted to limit the concentration of psoralen in cosmetics to one part per million. Predictably, the manufacturers complained. So,

  too, did French health ministers and various scientists. Their main objection was that any study that relies on people remembering what products they have used over the years has its limitations.

  And of course, it’s always possible that the suspect lotions were simply not as good a sunscreen as the lotions used by the healthy group.




  Maybe the lotions containing psoralen were not triggering cancer; maybe they were simply not preventing it. But psoralen is not the only suspect chemical in sunscreens. One of the commonest UV-B

  blockers is Padimate-O. In sunlight, this chemical may generate free radicals known to attack the body’s DNA and so in principle could easily cause the mutations that lead to skin cancer. So

  far, then, there are just as many grounds to blame skin cancer on chemicals as there are on exposure to the sun. The final test, though, is whether this alternative theory explains the pattern of

  risk to skin cancer as well as the UV theory on which all our advice is based.




  Consider non-melanomas first. If we are searching for a chemical cause to explain the observed pattern of risk, we are looking for something – or a range of things – that comes more

  into contact with the skin of people who: are white-skinned; live nearer the equator; work outside; burn rather than tan; and experienced bad sunburn episodes during childhood. The chemical must

  also have been used more and more over the past few decades, particularly on parts of the body – the face, arms and hands – that are most exposed. There must be many possible

  candidates, but the most obvious is sunscreen, the cumulative use of which from childhood onwards eventually frees the non-melanoma tumours once a person reaches forty or fifty. We cannot rule out

  the possibility, though, that sunscreens rather than acting alone are interacting chemically with some other substance – perhaps something as mundane as soap or as esoteric as mosquito

  repellent – in producing a final, carcinogenic effect.
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