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Introduction


A Time of Radical Change


The 2020 Nobel Prize festivities broke with tradition.1 No banquet in the Blue Hall or dancing in the Golden Hall, no ceremonial presentation of medals by the King of Sweden. Instead, the laureates received their medals and congratulations individually, in many cases from Swedish ambassadors around the world. The festivities are on hold until the pandemic has subsided.


Despite the exceptional circumstances, the two chemistry laureates attracted rather more attention than usual. A Nobel Prize is rarely awarded just a few years after the groundbreaking discovery it honours; in most cases, decades pass before important discoveries have proven their value and ‘conferred the greatest benefit to humankind’. Even though the results for which the prize was awarded were only published in 2012, it is already clear that the laureates’ creation is poised to change the world – and us – in fundamental ways.


The discovery made by these two scientists, Jennifer Doudna and Emmanuelle Charpentier, is actually quite simple: a chemical device developed by bacteria can be turned into a tool that we humans can use. Yet that tool – the ‘gene scissors’ CRISPR-Cas9 – has transformed our potential future.


The new generation of sophisticated, precise and cheap gene technology has opened up infinite opportunities in medicine, opportunities to cure people and improve their lives. Yet these also involve new risks, as well as concerns about how best to use the technology. And this isn’t just about the future: new though the technology is, it has already had a major impact. That was why the Nobel Committee decided to award the prize to Doudna and Charpentier as early as 2020.


During the ten years and more that I’ve been working in science journalism, I have witnessed rapid advances in what new research enables us to achieve. We now have the capacity to redraw the blueprint of our own species, along with that of all the animals and plants in the world. We can transform our own genetic makeup and design living beings that have never existed before. Some of these developments are described in my previous book, The Re-Origin of Species.


When I started writing about these scientific advances as a news reporter, I realized that the people I met outside my professional circle were still talking about gene technology and gene-editing as if they lay in the distant future, as if the phenomenon of gene-editing in humans were something that might confront their grandchildren’s generation – if that. Most seemed to dismiss the idea as pure science fiction. Yet many of our wildest dreams and our worst nightmares are already scientific reality, or at least well on the way there. Very few people outside scientific circles seem to be aware of this. There is still little or no public debate on the risks and opportunities the new gene technology presents, although it’s bound to change our society in many ways.


My aim in writing this book is to depict the rapid developments we are in the midst of and to show their possible consequences. I have tried to sketch these advances while they are happening. To do so, I have made every effort to meet the people in the vanguard of this new field of research. I have interviewed many scientists, as well as patients, activists and parents who want to change their children’s genetic makeup. I have visited commercial clinics that provide gene therapy and seen laboratory animals that have been genetically modified in various ways.


To understand all of this, I needed to travel so that I could see the research and its results in situ. I spent nearly a month in China – which is on the way to becoming the world leader in gene technology – and took high-speed trains to different parts of the country. In Beijing I met scientists who had edited the DNA of human embryos; in leafy Hangzhou I talked to cancer patients and doctors experimenting with gene technology as a cure for cancer; and in Kunming, the city of eternal spring in China’s south-west, I visited a centre for research on genetically modified monkeys. And there was much more. This journey also showed me clearly how China is flexing its scientific muscles and gearing up to overtake the United States and Europe. The US–Soviet space race has been replaced by a scientific arms race, a gene race. While in Asia, I also met scientists and visited clinics in Japan, South Korea and Hong Kong.


But though China and Asia in general are playing an increasingly important role in scientific progress, developments in this field are not confined to Asia. I visited biohackers in a New York lab who are part of a non-mainstream movement keen to share gene technology with the masses, attended scientific conferences and talked to activists in Boston about who actually gets access to the costly new drugs developed with the help of modern gene technology. I travelled to a fascinating research centre in the countryside just outside Chicago to meet a very special genetically modified pig. This book is a piece of reportage that presents a snapshot of where we are now.


But technology isn’t merely a technical matter; it’s not just about what scientists do in labs or operating theatres. Technical developments must also accommodate us – human beings, our society and our culture. And our view of both risks and opportunities is formed by our narratives; technical advances have to be fitted into our view of the world. Just over 200 years ago, an adolescent girl sat in a drawing room near Lake Geneva, writing what was to become one of the world’s most famous books, a novel that paved the way for a whole new genre. That time, just like the present day, was an era of radical change in which rapid scientific advances were transforming the world.2 The brilliant young lady was Mary Wollstonecraft Godwin, whose novel Frankenstein introduced a new way of looking at the possibility of transforming our own bodies.3 Her story of the bold, curious scientist has become iconic.


Just like the scientist Victor Frankenstein, we face a choice: what do we do with the knowledge and the power we’ve acquired?


Like all science fiction, Frankenstein takes an idea and pursues it to its conclusion: what would happen if a scientist succeeded in creating life – if we humans had the same powers as God? The scientific breakthrough is just the starting point: most of the story concerns what happens afterwards. When Victor Frankenstein sees the result of his experiment, he is terrified and flees. He leaves his newborn creature all alone, inarticulate and confused. The creature clearly isn’t evil from the outset – it’s more like an ingenuous child – but Victor’s actions drive it to murder. This is a tale that captures the zeitgeist, the feeling of living in a world where the ground moves under your feet and all established truths have to be re-examined.


The novel has been interpreted and reinterpreted countless times, but what struck me on a first reading was a sense of sadness that so great a scientific advance was wasted and ended in tragedy: of disappointment that Victor’s knowledge fails to make the world better. For, despite his egoism and arrogance, I can’t help but identify with him. As the old sayings have it, you shouldn’t play with fire, and curiosity killed the cat – but I wouldn’t have been able to resist experimenting if I’d been in his shoes. It’s hard not to like someone who is prepared to defy the gods to give humankind more knowledge – whatever the consequences.


For two centuries, the tale of Victor Frankenstein, the reckless scientist, has shaped our view of what happens when human beings seek to control nature. In recent decades the narrative has increasingly focused on gene technology and scientists’ ability to reprogramme the code within our cells, the code that controls life itself. Genetically modified crops are called ‘Frankenfood’, the first sheep ever cloned was compared to Frankenstein’s monster, and the tale of the irresponsible scientist comes up for discussion each time the public thinks science has gone ‘too far’ or become ‘unnatural’. Frankenstein has become a code word understood by everyone, regardless of whether they’ve read the book, seen one of the many films or worn a Halloween costume based on the Frankenstein story.


Yet there’s another narrative that has shaped our view of science and its limitless potential, a heartfelt exhortation to ‘boldly go where no man [or no one] has gone before’. That famous phrase is the signature of Star Trek, a space odyssey driven by the same ethos since its very first season in 1966.4 Since then, we’ve been able to follow the adventures of the Starship Enterprise’s crew, through various films and series, for over half a century. Essentially, the stories depict a highly developed utopian society, based on the idea that advanced research and technology have not just created a better life for all, but have also raised human beings to a higher plane of development. Many of humankind’s oldest afflictions – hunger, disease and want – have been eradicated. This is a society that has risen above the barbaric phenomena of the past, such as racism and sexism. It’s clearly no coincidence that one of the first ever televised kisses between an African American and a white American happened in this series.5 Star Trek is full of post-war optimism: the threats to humanity it depicts are totalitarianism and militarism, not science that has ‘gone too far’. The series is underpinned by a strong fundamental sense of optimism about the future.


Of course, Star Trek wasn’t the first fictional narrative to show humanity using knowledge to reach new heights. Similarly, the tale of Frankenstein’s hubris and fall reflects hundreds of other stories.


It may seem a little odd to focus on classic science fiction in a book about the cutting edge of scientific research, but for good or ill we humans tend to think in terms of stories. The tales of adventure we’ve told each other throughout history lay the foundations for the way we envisage the future. They frame our perceptions of new scientific discoveries, providing us with a lens through which to understand the world.


The problem isn’t that both Star Trek and Frankenstein are science fiction, it’s that they’re true. Our view of science has two main facets: on the one hand, anxiety that progress will be too rapid and have fatal consequences, and, on the other, hope that progress can free us from suffering and barbarity. Anxiety and hope together determine which experiments we choose to conduct, and what impact their results have on society.6


New science and technology have transformed and enhanced the lives we lead. We Westerners live in a world where people are far more prosperous, healthy and secure than ever before, a future almost fit for the Starship Enterprise.7 Nearly all the good things in our everyday lives – waking up in a bed that’s not stuffed with straw or crawling with bugs; having the option of refrigerated, pasteurized milk and yoghurt with sliced banana for breakfast; or walking home along well-lit streets in the dark of a November evening – are the result of research and technological development. Yet at the same time we live in a world facing new and intractable problems. We have all the knowledge we need to ensure that no one has to starve, yet the same technological advances have resulted in climate change, emissions of toxic chemicals and a global extinction crisis. It is our fault that more city-dwellers are now dying from air pollution than, for example, from diabetes or AIDS.8 We have created an infinitely better world, and yet our very creations have turned against us, causing one problem after another.


These two narratives are not mutually exclusive: there’s no need to choose between them. The challenge, rather, is to hold both of them in your mind at the same time: exuberant, unbridled optimism and profound fear – sometimes thoughtful, sometimes irrational. The rapid progress we’re seeing in gene technology makes it a field in which the two narratives need to come together and unite if we are to be able to navigate the future. For gene technology, just like earlier major breakthroughs such as electricity or splitting the atom, has the potential to change our society fundamentally, for both good and ill. We have to find a way forward that allows us to remain open to its potential without succumbing to the worst of its concomitant pitfalls. In this book, I look at both the dangers of gene technology and its incredible potential. It is an eye-opening journey, for though I’m familiar with the achievements in this field, the events of November 2018 astounded me.


* * *


I had a plan for this book. I knew what issues I wanted to raise, and in what order: which gene technology scenarios were reasonable – credible – within the near future, and which would take longer to materialize. I thought developments could be summarized as follows: new methods for genetically modifying cells have huge potential to cure medical conditions and correct the things that go wrong with our bodies. They will revolutionize treatments for countless diseases, but will mostly involve tweaking a few cells in adults’ bodies: repairing an eye, shrinking a cancer till it disappears, helping a damaged organ to function better. It will be a good many years until the first genetically modified baby is born. And in fact there was a consensus on that point among most scientists. When it happened, so they thought, it would be a calm, controlled process, the culmination of mature reflection within the scientific community.


But the world never ceases to amaze us.


On 26 November 2018 the Chinese scientist He Jiankui demolished all these notions about the future when he announced on YouTube that he was the first person in the world to have edited a gene in two embryos which had then been implanted in a woman’s womb – and survived. The first genetically modified humans had been born.


‘I understand that my work will be controversial, but I believe families need this technology, and I’m willing to take criticism,’ he says in the video. He had genetically edited twin girls pseudonymously called Lulu and Nana, giving them a modification he hoped would shield them from infection with the HIV virus.9 The day after, he stood before the world’s TV cameras and hundreds of outraged scientists to give an account of the experiment at a conference in Hong Kong. He Jiankui is still a young man, just 34 years old, and it was clear how nervous he was when he walked onto the podium, but once he started to speak, his conviction that he had done the right thing shone through his nervous manner.


This was the moment that the world’s geneticists had feared. Since the revolutionary gene technology CRISPR was developed just a few years ago, it had been clear that it could be used to alter human genes, both in adults and in embryos, but that was precisely why He Jiankui’s experiment provoked such an uproar.


In my previous book I wrote about the attempts being made to recreate extinct animals, and the consequences which that might have.10 The project grew into a book about the Siberian tundra, the possibility of miniature rhinos as pets, the cloning of dogs and the genetic modification of corals. But there was one topic I avoided throughout – the human body. That seemed too vast and frightening a subject. And yet it was unavoidable. For even if we use the new gene technology to alter everything around us – our food, our fuels, our pets, our clothes, our perfumes, the natural world – the greatest revolution will be that within ourselves. The idea for this book has buzzed around in my head like an irritating fly ever since. The major breakthroughs of recent years made up my mind for me: I had to write a book about the new gene technology.


But before we take a detailed look at these advances, or at what exactly genes are and how gene technology works, there are two names we need to bear in mind – Louise Brown and Jesse Gelsinger.


The birth of Louise Brown by Caesarean section in July 1978 was a scientific sensation.11 This British baby was the first person ever born thanks to in-vitro fertilization (IVF). Her parents had been trying in vain for years to have children, but her mother had blocked fallopian tubes. A team of scientists decided to take eggs and sperm from the parents, combine them to form an embryo, and then try to implant the embryo in the mother’s womb, where it was hoped it would develop as normal. This method was already being used in other animals, including cows, but had never been applied to humans. The team was led by Robert Edwards, who had been studying human fertility since the 1960s and had succeeded in getting eggs and sperm to combine in the laboratory. He worked together with Patrick Steptoe, a gynaecologist, and Jean Purdy, a nurse and embryologist. She was the first to see the cells that would eventually become Louise divide and grow.12


The trio had been trying unsuccessfully for years to develop a method of in-vitro fertilization and had met strong resistance. It was hard to get funding for their work, and they had been taken to court on several occasions. An article published in 1972 in the British magazine Nova described IVF as ‘the biggest threat since the atom bomb’ and called on the public to regulate research. The idea of producing children in this way was seen as both unnatural and immoral.13


But Louise wasn’t to remain unique for very long. Just over two months later, a second baby girl was born in India using a different method of IVF developed by a scientist there. When Louise’s little sister came into the world four years later, she was the fortieth baby to be born through IVF. In 2010, Robert Edwards, the only one of the original team still alive, was awarded the Nobel Prize in Medicine. To date, over 8 million children have been born worldwide through assisted reproductive technology, IVF and related methods.14 Resistance to this method has melted away, and the fact that couples have recourse to such treatment if they can’t or don’t want to conceive in another way is seen as quite uncontroversial in most cases. Today Louise Brown is over 40, lives in Britain and has two children of her own.


Just three years after Louise, in June 1981, Jesse Gelsinger was born on the other side of the Atlantic.15 There were no scientific fanfares, just worried parents and doctors. Jesse had a genetic disease that meant his body couldn’t break down protein without poisoning him. A bite of hamburger or sausage was enough to put him in a coma. Most people with Jesse’s disease (OTCD) die early in life. Only one in 80,000 survives their first five years. Jesse, however, had a relatively mild variant, so he was able to cope with the help of drugs and a strict diet. But as an 18-year-old in 1999 he heard about a new clinical trial to find a cure for the disease. He volunteered to take part.


The scientist leading the study, James Wilson, was a pioneer in the brand-new field of gene therapy, the aim of which was to repair flawed genetic material by inserting new, functioning genes into the body’s cells. A few years previously, he and other scientists had succeeded in helping a woman with a genetic liver disorder, and most experts believed gene therapy was set to revolutionize medicine. Public funding and money from the dot-com era gave the research an extra boost, and by 1999 there were nearly a hundred clinical trials involving gene therapy in humans. It’s reasonable to assume that Jesse Gelsinger was feeling cheerful and optimistic when he had his first jab on 13 September. But just four days later he was dead. His body had overreacted to the injection. The scientists had used a virus as the vector to deliver the new genes to his cells, but it made his immune system go haywire. His body swelled up, his liver stopped working, he developed a fever and finally he fell into a coma, after which it was impossible to save his life.


After Jesse’s death, the clinical trial was called off and James Wilson and the other researchers involved were investigated. How could things have gone so wrong? It emerged that the scientists had made several mistakes. Wilson was banned for five years from research on human subjects. Yet Jesse’s violent reaction to that particular treatment was mainly a matter of chance, ignorance and bad luck. Looking at the sad outcome with the benefit of hindsight, it doesn’t seem so surprising. Different test subjects react differently, but in this case other participants also experienced serious side effects, and lab animals had died. It is now known that our immune system can react strongly to the type of virus that had been used. As a result of Jesse’s death, not only were James Wilson’s experiments stopped, but, in practice, the whole field of gene therapy died. There was no funding and no interest after the tragedy, and Jesse’s death began to be used as an example of how badly wrong things can go when science tries to go ‘too far’.


It would take over a decade for gene-therapy research to recover. It’s now making a comeback, however, and observers again predict that it will revolutionize medicine. Today, other viruses are often used to deliver genetic material, or other delivery systems are used, to avoid overreaction by the immune system. The new wave of gene technology is closely linked with the technique used on the first gene-edited humans.


There are plenty of instances throughout history of scientists who have taken independent action and been judged harshly by their contemporaries, even when they have made invaluable discoveries. One well-known example is Ignaz Semmelweis.16 He was a physician in a maternity department in Austria, where he realized after a while that women ran less risk of dying of post-partum infections if the doctors attending them simply washed their hands. That may seem obvious today, but when he published his research in 1847 it almost unleashed a scandal. How dare he suggest that gentlemen – and doctors were gentlemen – didn’t have clean hands, but needed to wash them before operations? As if they were manual labourers! To make things worse, it was common practice at the time for a doctor to attend a birth just after conducting a post-mortem in the morgue, after which he would merely wipe his hands on a rag.


One of the problems was that Semmelweis had no explanation for why hand disinfection helped: it was not yet known that bacteria could spread disease. He succeeded in reducing mortality in his own hospital, but no other physicians followed suit. In the end he became depressed because no one would listen to his ideas. He was sent to a lunatic asylum against his will and died shortly afterwards. And the hospital where he had worked rejected his crazy ideas and abandoned the practice of hand disinfection, whereupon the mortality rate rose again.


Other scientists have been judged far more harshly by history than by their own time. One example is the experiments conducted at the Vipeholm institute for the mentally disabled in Lund, Sweden, from 1945 to 1955, a project that showed the link between caries and sugar by dispensing sweets to people with cognitive disabilities. These experiments, which went on for nearly ten years, completely ruined many of these people’s teeth.17


There are also questions and fuzzy areas around the way in which the experiments involving Louise and Jesse were conducted. Were the participants really given all the information they needed to make a well-informed decision? The two cases had opposite outcomes: one experiment resulted in success and a Nobel Prize, the other in a tragedy. I think we need to remember both of them when we look at how gene technology could change the world. It’s not at all clear in advance who’s going to be a hero, and who’s going to create a monster.


The incredibly rapid developments in gene technology over the last few years present us with many new choices. Who’s to decide which cells and which bodies are to be modified? Who decides whether to prioritize a given disorder, or whether would-be parents who carry genes associated with serious diseases should be allowed to gene-edit their offspring? Should such decisions be taken by states or by individuals? If the former, which states, and if the latter, which individuals?


This is a book of reportage about how humanity’s very essence has been decanted into a test tube, becoming part of a vast experiment whose outcome remains unclear for the time being. We can cure diseases and help people avoid suffering, but we also risk accidentally creating new problems. Describing everything that’s happening in the field of gene technology – all the remarkable, wonderful, challenging research, and all the debates about where the results may lead – is rather like being a grizzly bear standing in the middle of a waterfall trying to catch salmon. There are so many exciting flashes of silver that you can’t keep track of them all; it’s easy to be overwhelmed by the torrent of new discoveries churning around you. Picking out a few, however, can help us get an idea of the big picture.


Everything suggests that gene technology is set to enter our lives in amazing and revolutionary ways. It will save lives and reduce suffering. At the same time, it will pose existential and ethical questions, forcing us to reflect on just who we are, and where we draw the boundaries of what is human. But in the midst of all these uplifting and transformative developments, it will also seep into the most humdrum corners of our existence, into areas you hardly even notice or think about. Isn’t that a thought-provoking idea?


P.S. If you are as keen as I am to follow up details and examine things in more depth, why not take a look at the notes, sources and tips for further reading at the end of this book? The endnotes provide background information that goes beyond the scope of this book, as well as plenty of references to interesting reading, which naturally includes my sources.









1


A Modern Prometheus


Making his way to the podium at a high-level conference in Hong Kong in November 2018, He Jiankui is visibly nervous. An indignant murmur rises from the audience. A few seconds ago, the moderator called on listeners to ‘let him speak without interruption’ and to ‘remember we are here to listen to what he has to say’ – a very unusual request when a scientist is about to present his results.


The moderator, a prominent geneticist, also emphasizes that when the organizers booked He Jiankui many months previously, they had no idea what results he was going to present. As for He Jiankui himself, he is clearly proud of his achievement.1


‘If this were my child – if I were in the same situation – I would give this a try,’ he says later, during the Q&A session.


* * *


In 2018, 200 years after the publication of Frankenstein, Trinity College Dublin celebrated Halloween with a reading of the whole novel. At more or less the same time as Mary Shelley’s words were ringing out in the venerable university, twins ‘Lulu’ and ‘Nana’ – the first ever gene-edited babies – came into the world.2 This was not the first time scientists had intervened in the genetic material of unborn babies, but never before had anyone deliberately altered a specific gene.


He Jiankui took eggs and sperm from a couple who wanted to become parents and performed conventional IVF. But before the fertilized eggs had begun to divide, he injected them with the ‘gene scissors’, CRISPR-Cas9, to alter a specific gene in their genetic material.


The gene that He Jiankui chose to alter, known as CCR5, is responsible for a tiny part of the immune system. Just like other genetic material, this gene sometimes undergoes a small change or mutation, and the new, mutant variant is passed on from parents to children. The result is that people carry different variants of the same gene or genes, depending on what they happen to have inherited from their parents. In most cases, tiny mutations of this kind make little difference; the genes function just as normal. Some mutations can cause problems that result in disease. But in certain rare cases, mutations can actually bring about a small improvement.


Some people have a mutant variant of CCR5 that seems to protect them against HIV. This variant is quite common in Europe, where about 10 per cent of the population have inherited it from one parent. However, to be protected against HIV you need to have inherited it from both your mother and your father, and that applies to only a very small percentage of people.3


Given that HIV has only been infecting people since the twentieth century, this mutation of CCR5 can’t have become widespread just because it protects against that specific virus. It’s been speculated that it may also have provided protection against other diseases in the course of history, such as bubonic plague or smallpox. However, some studies suggest that people who have inherited this particular mutation are also at greater risk of contracting other illnesses, such as West Nile fever and flu. The international scientific community doesn’t yet know quite how it affects the body, apart from reducing the risk of an HIV infection.


Though we humans have been gene-editing animals for some decades now, there has been a near-total consensus among scientists that we shouldn’t interfere with human embryos that are going to be brought to term. To grasp why this is so much more revolutionary than other gene technologies, we need to understand a basic issue: there are different categories of cell.


* * *


The human body contains over 37,000 billion cells, ranging from the specialized light-sensitive receptors in our eyes to the rectal muscles that move what remains of the food we’ve consumed to its final destination.4 But gene technology distinguishes just two types: somatic cells and embryonic cells.


Nearly all cells are somatic. The word comes from the Greek soma, meaning body. Somatic cells belong to us alone, as individuals: our children don’t inherit cells from our nose or heart. That means that the risks associated with applying gene technology to cure a tumour, correct a failing eye or support a damaged liver always come down to the danger of harming the individual patient. While such risks may be considerable, they are always weighed up against the pain and the difficulties the patient suffers as a result of the disease which the medical practitioner is trying to cure. They are the same risks that proved so devastating for Jesse Gelsinger – tragic in their effect, but confined to a single person.


However, there are major existential issues at stake if, like He Jiankui, you alter embryonic cells: eggs, sperm and the very first cells that form once an egg has accepted a sperm and begun to divide. At this stage, interventions that modify genetic material can have a huge impact. They may cure terrible genetic diseases, or, possibly, reduce the future child’s risk of succumbing to everything from Alzheimer’s to heart attacks. However, editing embryonic cells has two major consequences. First, the genetic modification will be present in every cell of the body into which the embryo develops. The change effected by He Jiankui will be with ‘Lulu’ and ‘Nana’ all their lives, from birth to adulthood to menopause, and in old age.


Second, the edited genes will be passed on to the next generation. A gene-edited child who becomes a grandmother can pass on the altered gene to her grandchildren and their grandchildren’s children. There is a chance – and a risk – of changing the whole future of humankind. That was why the audience murmured and the cameras flashed when He Jiankui announced the girls’ birth.


* * *


He Jiankui had contacted an organization supporting people living with HIV in China, BaiHuaLin, to request help with finding couples consisting of a would-be father with HIV and an uninfected would-be mother. The aim was to protect any future offspring from being accidentally infected by their father in daily life, and from the discrimination and stigma suffered by many people with HIV in China. So he was looking specifically for couples in which the would-be father felt vulnerable and discriminated against because of his infection. To protect an embryo against HIV infection from a father with the virus, the sperm of the father-to-be are ‘washed’ before insemination to rid them of the virus. He Jiankui also followed this procedure. Three couples decided to take part in the experiment, though one pair later withdrew.5


The parents-to-be had a choice between modified embryos, in which He Jiankui had attempted to edit the CCR5 gene, and unmodified ones. Both couples opted for gene-edited embryos. By the time He Jiankui spoke at the conference, the second woman was pregnant with a gene-edited baby, who was presumably born in 2019. The reason the child’s fate remains unknown will soon become clear.


When He Jiankui announced his results, it turned out that he hadn’t succeeded in creating the precise variant of CCR5 that scientists know protects against HIV. Rather, he had produced new mutations which may – or may not – have the same effect. In the case of one of the twins nearly everything went as planned, so that the same mutation is to be found in all the child’s cells, at least in theory. With the other, however, something happened that’s common when humans try to gene-edit animals: some cells were changed, but not all of them. Presumably that was because the egg had already started to divide before He Jiankui edited the gene. As a result, the child’s body is now a mosaic of modified and unmodified cells. It isn’t clear whether this will protect her against HIV, or whether it will have any other effects in the course of her life.6 He Jiankui has been criticized for failing to halt the experiment when he saw that the wrong mutation had taken place and that not all the cells had been altered.


There’s also a risk that the CRISPR ‘scissors’ may have cut genetic material in several places, modifying some other gene in the girls’ bodies. It’s incredibly hard to identify tiny changes in genetic material. He Jiankui claims to have searched for unintended modifications without finding any, but it’s impossible to be sure.


There are no international laws to prevent scientists (or countries) from gene-editing embryos. The 1997 Oviedo Convention, signed by 30 countries, bans inheritable genetic modifications, but countries such as the UK haven’t signed it, claiming that it is too restrictive.7 Conversely, Germany has refrained from signing because it regards the convention as too permissive.


So views on gene-editing vary, and the stance of each individual country is a matter of national law. However, in 2015 some of the world’s leading geneticists took the initiative of reaching a kind of gentleman’s agreement. The gist of it was that they would edit embryonic genes only in the context of basic research to deepen understanding of diseases and foetal development. Thus only embryos that would never develop into babies could be modified. The scientists concerned decided that experimental gene-editing of foetuses that would be brought to term was irresponsible until the safety issues had been resolved, and until there was broad societal acceptance of such experiments, and the scientific community could participate in an open process. These were idealistic but reasonable aims. For the time being, the watchword was ‘No tweaking!’8


If the truth be told, the conference in late 2015, when the guidelines were drawn up, was a hastily arranged affair. The new gene technology was still a novelty. Although it had always been clear that the method could be used on human embryos, most of the scientists assessing the situation thought that stage was a fairly long way off. This was partly because of existing legislation, but largely because science sometimes develops at a very uneven pace.


But this time things moved ultra-fast. Immediately after the publication in 2012 of the first studies showing the workings of CRISPR, the ‘gene scissors’, scientists in China began to try gene-editing human embryos. The first scientific article to show that this was possible appeared as early as spring 2015.9 The study in question was the work of Chinese scientists, who had tried to edit a gene responsible for thalassaemia, a hereditary blood disorder common in South East Asia and the Mediterranean region. This experiment was sufficiently impressive, and aroused sufficient concern, to push the scientific conference mentioned above into drawing up guidelines the very same year. Since then, quite a few scientific papers on modified human embryos have been published. After the first few that came out between 2015 and 2018, they have been appearing with increasing frequency. Soon after the first results emerged, scientists in countries including the United States, the UK and Sweden began applying CRISPR to embryos to clarify certain scientific issues. However, most results have come from China, where the technique has been further developed and a number of problems resolved – though application has been restricted to basic research, without any children being born as a result. Up till now.


* * *


Beijing’s Forbidden City lies in a hutong district, an extensive area of one-storey dwellings built around small inner courtyards, forming an intricate system of alleys and narrow streets. Parts of this quarter date back to the fourteenth century. Despite the scale of rebuilding and social change, some of the most central hutongs remain as they were, and they teem with life. People sit at tables playing games, others lounge in courtyard doorways, smoking or keeping an eye on children at play. Strolling through the alleys gives one a sense of timelessness in a city that’s 3,000 years old. I am here to investigate how far Chinese scientists have advanced with the very latest developments in gene technology.


[image: Illustration]


Any genetic modification of the embryo must take place before the fertilized egg starts to divide. Scientists inject CRISPR-Cas9 into the cell, where the CRISPR system can cut out or edit chunks of genetic material. By the time the egg starts to divide, all its cells will have been modified. However, occasionally something goes wrong, resulting in an embryo that is a patchwork of modified and unmodified cells.


If you walk eastwards from the Forbidden City and stroll through the picturesque hutongs for a good half-hour, you’ll reach a newly built shopping centre, cheek by jowl with the old quarters of town. It looks as if a highly sophisticated spaceship has landed in the city, a vessel built by wealthy extraterrestrials with a finely developed sense of the aesthetic. Huge oval beehives of white concrete and dark glass are linked together by gently curving footbridges, illuminated fountains and sculptures. These edifices, teeming with stores and boutiques, are a magnet for families on shopping trips. This centre provides a glimpse of the new China, a country that makes a European wonder whether she’s accidentally time-travelled into the future. In a Starbucks cafe inside the shopping centre, I meet Tang Lichun, one of the first scientists to succeed in modifying a human embryo in a laboratory.


‘We began this project as early as 2014, very early. And in the beginning we had many difficulties; it didn’t work on the embryos. […] We tried and we tried […] and got results. It was very exciting,’ says a beaming Tang Lichun when I ask him to tell me about the experiment.10


The technical problems he and his colleagues encountered meant they weren’t the very first to demonstrate that the new technology could be used to gene-edit human embryos. But they were the first to show that it can also be applied to healthy embryos – embryos that could develop into babies – although Tang Lichun only allowed the tiny cell clusters to develop for a few days.


When reporting on new, groundbreaking research, the people I meet are nearly always professors, the scientific elite at the peak of the hierarchy. It’s rare for me to meet the people who stand at lab benches, among test tubes and Petri dishes. That makes it a particular pleasure to meet Tang Lichun, whose experiments on embryos were part of his doctoral research. When I ask him which aspects of the study he was involved in, he replies, ‘All of them.’ Although the study was successful, he thinks it will be a long time until embryos can be reliably gene-edited to prevent disease.


‘Maybe the research can be used clinically in future, but not so far,’ he says, explaining that there are many technical problems with the technology, as well as unknown factors. Rather, he thinks gene technology has potential as a useful tool for research into embryos. There’s so much more to discover.


I ask him how he thinks the general public should view CRISPR, the gene scissors. In contrast to the rather dismissive replies I’ve received from various professors on my journey, he reflects at length before finally replying: ‘This technology indeed gives some people hopes that diseases that were untreated in the past can be cured. […] This gives them hope, but they should also know that the wait is long.’


He thinks that until CRISPR technology improves sufficiently for users to be able to avoid undesirable side effects, it won’t be feasible to use it for medical purposes.


* * *


This caveat, that the technology needs to improve greatly before it will be safe, goes without saying. Most of the world’s scientists agree we haven’t yet reached that stage. Yet He Jiankui defended his decision from the rostrum.


‘If you have any friends or family members with a disease or disorder, you’ll understand. They need help. And we now have a technology that can help millions of families with hereditary or infectious diseases,’ He Jiankui announced. He hopes that ‘Lulu’ and ‘Nana’ will soon be followed by more gene-edited children.


‘I’m proud, incredibly proud, of this particular case,’ He Jiankui continues. ‘The father had lost the will to live, but now the couple have healthy children, he feels able to take care of his family. I genuinely believe that what we have here is essential for the millions of children born to parents with HIV, since we don’t have any vaccine against it.’ Yet many scientists question whether this was the right disease to start with, whether it’s really so serious as to constitute an acute medical need. After all, there are other ways to protect children against their parents’ HIV.


After presenting his results at the Hong Kong conference, He Jiankui stayed for nearly an hour to take questions. The scientists present responded in essentially the same way as the rest of the scientific world. They were virtually unanimous in their condemnation.


Not only had He Jiankui crossed a scientific line, he’d done so in secret. He hadn’t told his university about his experiments, nor had he applied for authorization to conduct his studies, at least not according to the Chinese authorities. He took a sabbatical in February 2018 to carry out the necessary experiments himself, using his own company as a base. Moreover, the results weren’t published in any scientific journals or peer-reviewed. The Chinese authorities have now brought down an iron curtain around the experiment and all those involved. When the result came to light, China’s vice minister for science and technology, Xu Nanping, said the experiment had ‘crossed the line of morality and ethics […] and was shocking and unacceptable’.


He Jiankui disappeared after the conference and hasn’t been seen since. But on New Year’s Eve 2019, it was reported on Chinese state news that he had been sentenced to three years’ imprisonment and fined 3 million yuan. Two of his colleagues received shorter sentences. Investigations are also ongoing in the United States to find out whether any American scientists were involved.11


Despite the sentence, most of the circumstances surrounding the experiment remain unclear, and although several years have passed since the children’s birth, there hasn’t been any further information about the fate of the twin sisters or the third gene-edited baby, who was presumably born a couple of years ago. A number of investigative journalists are trying to find out what exactly happened, how the studies were financed, and what the scientific world can learn from these cases. China’s unwillingness to communicate with journalists and scientists has made matters still more difficult.


Yet these experiments have already inspired a number of people to follow suit. Russian molecular biologist Denis Rebrikov, who works for Russia’s largest fertility clinic, has applied for authorization to conduct similar experiments. He wants to edit the same gene as He Jiankui, even though the latter’s experiment wasn’t completely successful. He also wants to try to edit another gene, one that causes deafness.12 Although Rebrikov seems to be the only person to have stated openly that he aims to follow in his Chinese confrère’s footsteps, there are sure to be more very soon.


There are likely to be more gene-edited babies on the way by the time you read this, whether the process is public or secret.


He Jiankui seems to have rushed the experiment through so as to be the first. Already, it would be possible to do it more safely. Just like virtually all other scientists, He Jiankui claims he’s against using gene-editing to ‘enhance’ human beings. The technique should only be used for ‘curative’ purposes, he says. But the question is exactly where to draw the line. You could say the twin sisters were ‘enhanced’, as the aim was to give them protection rather than to cure them.


‘We wanted to begin with a straightforward disease that’s been studied in depth, so that in future we can continue with more complex disorders involving more than one genetic modification,’ repeats He Jiankui when he’s asked, again and again, why they picked that particular disease, those particular would-be parents, this particular time.


Even He Jiankui’s critics include a number of scientists who see his experiment as ‘a misstep on the right path’, and who hope to see more gene-edited children soon. Several scientists have also stressed the need to develop just this kind of technology for certain types of disease where there is no alternative. They say this research must be allowed to continue, regardless of whether the pioneers acted correctly or not. Another speaker at the conference, geneticist George Q. Daley, said in his address: ‘As a species, we need this flexibility in order to withstand future threats; we need to take control of our own heredity.’ Others have spoken of ‘a technology that could save our species’.13


CRISPR technology has given us a brand-new set of tools to modify our genes, but how good is our gene instruction manual? Despite the risks and uncertainties, there are parents who dream about altering their future children and clinicians who hope to make money out of the new technology.
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