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Prof. Aaron Ciechanover: 
I thought I should divide my brief introduction into two parts:

In the first part of this lecture I will tell you a little bit about me, because I think that there are some things to learn from a person who lives in a small country, has developed a career there and eventually made it to the international platform. I will also draw your attention to career choices and what to do once you are approaching a crossroad. What is the turn to take; left or right, move back or continue forward?  

In the second part I will tell you a little bit about the challenges that are ahead of us in medicine as well as on some bioethical highlights and bioethical problems that not only the biomedical community is facing, but that all of us are facing. 
How to make your career choice?

I begin with a brief introduction about myself. I was born in 1947 in the pre-state of Israel which, at that time, was still part of the British territory. The British were forced to leave in 1948 soon after the independent state of Israel was established. Israel is a very small country with a total population of about seven million people. The surface area is also small; the historical surface of Israel is only 20,000 square kilometres. The longest axis is only 400 kilometres, 260 miles, and the broadest point is about 70 or 80 kilometres, about 50 miles.

I was born a few months before Israel’s establishment to parents that emigrated from Poland just before the Holocaust. I spent almost my whole life growing up in Israel, except for some periods which I spent in the USA for training. After graduating from high school, I went to medical school to study medicine and then served as a military physician in the Israel navy. 
Unfortunately Israel still does not enjoy peace, and it has not enjoyed a single day of peace since its establishment. Therefore it is mandatory in Israel to complete a national service in the army. It is a meaningful, yet very tough service, and the chances to get involved in a war during the period of service are quite high. 

The military in Israel is a very professional service, and it derives its professionals like engineers and physicians from the universities in a very sophisticated way. You can either serve in the army for three years immediately after graduating from high school, or you can go and study first. You can study according to the needs of the army, for example medicine and then serve as a military physician after you graduated. Thus, instead of serving three years as an infantry soldier, you are serving three years as a military physician. The same applies for engineers, historians or any other field of study. The Israeli military also needs history study experts, experts in the Arab world and intelligence as well as engineers for the development of all kind of devices. I served as a military physician after graduating from medical school. 

During my medical studies, however, I had some feelings that medicine is not exactly for me and I did not feel so well with the choice I made. And here I am now coming to a point that is my first message to you about career choices. I did not know what I wanted to do. If I ask someone why he or she wants to become a physician, the most frequent answer is that the person is either somehow related to a physician – his or her dad, uncle or somebody else in the family is a physician – or that the person has just heard something about it, but usually nobody really knows what it means to be a physician. How many people know what it means to work in the operating theatre or to work in the cardiology field? And it was the same for me. 

My mother always wanted me to become a doctor and to choose a respected profession, but I really did not know why I was doing it. Already during the first month of medical school I felt uncomfortable with it, but I decided to go on. In the middle of my studies, however, I decided to try another route. I decided to try science. Maybe science is a subject I like more. I took a year off from medical school and enrolled in a master degree in biochemistry, and then I realized: That is it, biochemistry or the chemistry of biological processes is something that I really want to do. Yet, before I could get started I had to fulfil my national duties and go to the army to serve as a physician. I decided to complete my studies in medicine, and I eventually graduated from medial school and served as military physician in the navy.  
At the very beginning of my service the 73 war between Israel and Egypt erupted, and all of a sudden I found myself as an active battle physician. During the 73 war, which was a very heavy war claiming several thousand lives, I was involved in quite a few marine battles, but luckily nothing happened to me, and I was discharged from the military three years later. 
After my national service I still thought that maybe I want to be a physician. Thus I decided to perform my residency training in surgery. After one year in the operating theatre, however, I came to the conclusion that medicine is indeed not for me. It was the will of my mother, but it was not my own will, and I am going to science. I decided to start all over again, and I started everything from scratch. Even though I already had a doctorate in medicine, I went to graduate school and became for five years a full time Phd student at the Institute of Technology, Israel’s finest school of engineering.  
Engineering is Israel’s leading industry, since the country does not have any natural resources like oil. All we are exporting are our brains and our knowledge in the tech, bio tech and electro tech industry. Almost all the Israeli engineers that carry on their shoulders the Israeli industry are graduates from the School of Engineering of the Institute of Technology. During my Phd research at this school we discovered the ubiquitin system which later earned me the Nobel Prize. Following my Phd I decided to continue my training and went to the USA to become a fellow at MIT, the Massachusetts Institute of Technology. I spend four years at MIT before I moved back to Israel, where I started as a young scientist, as a young independent faculty member in the same institute from which I graduated, and I have been there ever since. 

I told you this story, because I wanted you to realize that career is flexible. Nowadays we are living a rather long live, the average life span in Western countries and in Thailand as well is already 80 years for men and for women even a bit above. We have a lot of time to spend in our career and typically we finish our training at the end of 25 or 27. For the next 50 years you are going to do today mostly the same that you did yesterday and tomorrow the same that you did today. It is very likely that you are going to get bored if you are not going to change and diversify. The message that I want to convey to you is that if you don’t like something, if you don’t feel sure about what you do, just don’t do it and change route. 

If you feel uncomfortable with the subject you study, may it be law, accounting, biology, philosophy or history, do not feel obliged to do it. Do not feel obliged to finish it and become somebody you do not want to be just because you have already started it. Do not carry on for the next 50 years with something you are not happy with. Every morning you will wake up, and instead of having a smile on your face you will go to the working place in a sad mood. I never go to work, and for me work is fun. When people ask me, if I go to work every morning I say no; I do not go to work, I go to a place that I enjoy to be there. Admittedly, somebody pays me for that, and that is nice of him, but for me my working place is a hobby. I think that if you decide for yourself that your job in life is going to be your hobby - besides having others hobbies; you still can sculpt, paint, play and travel the world - but if you really convert your job, your working place into your hobby, then you know that you reached what you really wanted to reach. 
Otherwise it will become boring, you will go to some place to work from eight to four, and at one o’clock you already will look on your watch to find out when is the end of the day, and this is not fun at all. I leave my working place when my work is done. It can be eight, nine or one in the morning, I do not care and I never look at the clock; it is just fun. I am surrounded by wonderful people, Phd students, post doctorate fellows and physicians, and we are trying to crack the secrets of nature. Every day is a new day, we never do what we did yesterday, because we are trying to make new discoveries, and new discoveries are coming all the time - most of them are not important, but we try to sort out the important ones from the not important ones. It is really fun, and I also enjoy that I can travel all over the world and give talks at conferences. I guess that I visited more than 100 countries all over the world, and I think that this is my 30th time in Thailand. To emphasis again, think very well about your career, and do not worry when you get stocked and lose a year or two, nothing happens. Whether you spend 47 rather than 50 years in your job is not of significance – just change. 

The new DNA technology, the human genome and its implications to human diseases 

After this personal reflection I will now shift the focus completely and tell you about something else. I will talk about the new DNA technology, the human genome and its implications to human diseases. The human genome is the sequence of the genes that make the body. The research about the human genome was carried out for only one person. When we talk about the human genome, we talk about the human genome of only one person, Mr. X. 

My human genome is not known and your human genome is not known. Only one human genome is known, and it took several billion dollars and several years along with the development of very sophisticated computer systems and technologies to understand it. The human genome is basically the library that created us. It is the library of the DNA, the sequence of all the bases in the DNA that dictate our protein composition. This is the genetic information that made us what we are and that makes us not only different from the dog and the cat, but also from one another. Although we do not yet understand fully what makes us different from one another. We still do not understand what makes the skin colour different, the height, the body complexion and certainly not high functions of the brain like intelligence, creativity and imagination - we have no clue what is going on. However, we do know that there is information as well as environmental factors that determine it and that the end result is a combination of genetics and environment. 

I am talking about all that, because I want you to go to diseases which are kind of another hobby of me, understanding the mechanisms of diseases. As an example I will take cancer, a disease that is very common. Let us imagine two women who, for example, took a bath and felt a lump in their breast. The two women with the same background, same ethnicity, same age and social economic status are walking into the clinic with a lump in their breast. The doctor tells them that they have cancer and that the cancer has to be removed. Both are going to the operating theatre and the lump is being taken out. They are undergoing chemotherapy or some other kind of treatment, and everything looks fine. 
Eventually the two women will ask the doctor what are their chances of surviving the disease. The doctor will throw a number and tells them that their chances of surviving are, for example, 50 or 80 per cent. He will throw a number based on statistics. The doctor who is an expert in cancer has seen in the last twenty years 1,000 women with similar symptoms. He went to conferences all over the world and heard many experts presenting statistics on the disease. He knows that out of 1,000 women with such a disease 500 or 800 will survive, but maybe 500 or 200 will die depending on the severity of the disease. I am using the different numbers to describe different diseases at the time that they are diagnosed. 
What the doctor tells the women will be based on statistics. He will not tell them anything that is based on biology, on medicine or on their individual state. He will tell them the result of accumulated data, collected along the years by other experts in the field. What is the woman who gets this number - 50 per cent - supposed to do with it? She probably will go home and tell her family that she has a 50 per cent chance of surviving, but shall she be in the 50 per cent of surviving or shall she be in the 50 per cent dead? 
It leaves her in a big question mark, and even the doctor cannot provide her with more information, because the doctor does not know either how the disease is going to evolve. He does not know whether a small cell that was send from the breast cancer is already sitting in the brain, the bones or in the lung where it generate a metastases, a new tumour that will now grow and spread. The doctor does not know, and he does not have a way to detect it. He only is able to make predictions based on the current results which he retrieved during the minute he examined the cells. 
Five years will elapse, and one woman who did develop the disease further passed away. The other woman, on the contrary, is completely healthy. At the end we know which route she is going to take, but not at the beginning of the journey. Medicine and science, however, will not accept it. That would not be science, since science is not in statistics. We, as scientists and physicians, want to understand the route of the disease, and we want to predict scientifically exactly how the disease is going to develop. The reason why we want to know it is obviously not because we want to tell the woman that she going to die, but because we want to understand why her disease is going to develop aggressively and kill her in order to develop a pharmacological tool that will cure her. 
At the present day the two women look the same to us, and they are being given the same treatment. We are using a very primitive approach which we call: ‘One size fits all’. Two women with a lump in their breast get the same treatment. We take the breast or the lump away, and we give chemotherapy and so forth. 
Therefore we want to understand the mechanisms of the diseases in order to develop appropriate treatment. Only in our primitive eyes did the two women have the same disease. Indeed it appeared as if they had it, but now we know that they did not have the same disease. It cannot be the same disease, because if one dies after the same treatment and the other survives, the simple assumption is that they did not have the same disease. 

It is only our primitive approach that told us that they have the same or a similar disease. At the molecular level, at the very depth of the disease, the woman that died had already the imprint, the fingerprint of an aggressive disease that is going to evolve, while the other woman had the fingerprint of a much milder disease. I want to understand the fingerprints, and the fingerprints are embedded in the beginning of our talk. In the beginning of our talk was the human genome. 

The fingerprint is embedded in the different genetic repertoire of these two women who are different genetically. The only way to understand the differences between these two women and to predict these differences is to sequence the DNA completely to get the human genome of woman A and woman B. We need to look into the difference, and we need to understand the mechanistic relevance of these differences. Once we understand the mechanistic relevance of these differences, we are able to develop drugs and now we need back statistics. The cases of the first two women are not sufficient, and we need to collect the data of another 1,000 women. We have to look at the 1,000 women that died and the 1,000 women that survived. We will study the genetic difference to find the common nominators of those who died versus those who survived. 
Those genetic differences that led to death will become our new drug targets. That is the way how pharmaceutical companies and scientists are identifying new drug targets. We are examining the sick, and we are examining the healthy. We are sequencing the genomes of the two, and we are looking for the differences. However, we cannot tell the difference just by looking at a sample of two; we need to collect statistically significant numbers of sick and healthy patients in order to tell which difference is the one that makes the disease. 

Just the obvious difference between the two will not add anything to our knowledge. I already know that I am different from anyone else. I have a different height and weight, I have a different intelligence, and everything else is different, too. One superficial difference between us will not tell us the story. 

I need a statistically different genome on one or two particular genes between the dead and the healthy one in order to pin point and to determine that this difference is the cause of the disease. This difference is the one that I am going to treat. The human genome is not something esoteric, it is something that, very soon and with very soon I mean in five or maybe ten years, will become a regular test in hospitals. When we go to the clinic an additional blood sample will be taken from us, and that will be sequencing our entire genome.    
This will require the development of technology to reduce the price from several billion dollars to several hundred dollars as well as to reduce the time from several years to a few minutes, and this is already on the way. Within just a few years, I reckon ten at the most, we shall be able to sequence every single human genome that has three billion letters. It is like reading a book that has three billion letters. It is the size of several sets of the Encyclopaedia Britannica, and we shall be able to read it completely. A machine will read it in several minutes for the costs of several hundred dollars. 

We want to covert it into a routine examination, and that is the challenge we are facing right now, but the challenges are being realistically met and we are on the way. While this sounds all fantastic, we go to the clinic, our DNA will be sequenced, and the target for diseases like cancer, Alzheimer, and Parkinson as well as for psychiatric disorders and so forth will be there, but is that the future that we want? 

The future is certainly brighter than our common presence for these diseases. Nevertheless, do we really want our human genome deposited at the hands of the doctor? Do we really want all this information, three billion letters that constitute our genetic repertoire, do we want it deposited anywhere? Do we want it to be known at all? Think about it, this piece of information is going to contain everything that we have. 
Let us assume that I am giving my DNA, and it will be sequenced; for now it is just a piece of information that in many ways is still useless, but in a few years this information will have much more into it, because we shall be able to identify the genes that cause medical diseases. We shall be able to identify the genes that cause Alzheimer and Parkinson and maybe the genes that will have an effect on our IQ, the genes that determine our IQ, our imagination and creativity, our passion and emotion. 

If, by now, I give my DNA, and the information of the disease is not there yet, but once it will be there people will be able to go back to the library and see whether I possess one of these genes. It is like a book that is sitting on the shelf. The book is useless when it is on the shelf and it only becomes useful when I take it out, read through it and understand what is written. I can put the book back on the shelf, and I can resort to it whenever I want. The DNA that I am going to deposit tomorrow in the hands of the doctor will contain, does contain already, all the information about me. All my diseases, all my future, everything will be there. 
Let us assume that this is not an issue for us and that we readily entrust the doctor our DNA.  Already now we are basically naked in front of the doctor since we tell him about our problems. We have confidence in the doctor and in the oath of the physicians not to disclose information of patients and that the information will forever remain secret. The same would, of course, apply to our DNA.  

There are many other implications to that information. The doctor, although he wants to keep the information secret, may not be able to keep it secret. Let us say that the government decides that it only wants to have people in its service with an IQ higher than 120 and therefore requests the doctor to disclose the information. The government wants to know how the population looks like and will pass a law that states that the DNA of the whole population should be submitted to the government, irrespective of whether the DNA was submitted to the doctors or not. This represents a great interference in our personal lives, and all the information about us will be in the hands of the government.

Notwithstanding the above, let us assume that this is also not a problem and that there is a law that forbids the government to have access to this information and that it will never leave the doctor’s office. Is there a case that you for yourself want to know what is going on? That you will go to the doctor, because you really want to know your faith? You want to know whether you succumb to Alzheimer, to heart attack or to any other disease? You might say no, I do not want to know.
I will give you an example of cases in which you are forced to know what you really do not want to know, but you will have no choice. I want to push the case further and talk about ourselves as human beings. 
I will give you one example that exemplifies that the choice is really difficult. Let us go back to breast cancer. Breast cancer has a genetic susceptibility which means that women who carry a certain gene are more susceptible to breast cancer than others. The gene is called BRCA1, Breast Cancer 1 Gene. Women that carry the gene have a four to eight fold higher chance to develop breast cancer than other women. The women have a choice to take a test, most of them will not do it, because they do not want to know, fine. Now, let us go back to the clinic we started. 
The woman walks into the office of the doctor and there is a lump. An exam is being taken and everything is fine, the woman is fine, but meanwhile the woman is also being tested for the gene, because nowadays it is important, that every woman who has breast cancer will be tested for the gene. It is important because if the woman carries the gene there is a chance that she will develop cancer on the other side as well, and that is important to know. Let us assume that the result is positive and that the woman has the gene. From now on this woman will live in a completely different world. She will be much more cautious, she will palpate her breast to see whether a new lump is coming. This woman also has two daughters.
The daughters may carry the gene already and the mother tells them that it might be better to undergo a test to find out whether they carry the gene. The daughters are still young. One of them is 15 and goes to high school and the other is 21, a recent college graduate who is dating a nice boy whom she is going to marry soon. 
The question now is what a 15 or 21 year old girl has to do with the information that one of them or both are carriers of a gene that makes them susceptible to breast cancer in ten years. The implication is huge, because if the daughter carries the gene she has a high chance to develop breast cancer, and she can take preventive measures. For example there are preventive treatments that take the breast away to prevent breast cancer from occurring. Yet, taking away the breast of a young woman at the age of 15 or 21 who is dating a boy, going to get married and becoming a mother; what kind of a cruelty is that? 

And what will the girl say to her boyfriend? Will the boyfriend still marry her knowing that his girlfriend or fiancé has a gene that carries a susceptibility to breast cancer? Think of this awful complicated information. However the information is information, and we cannot stop it in the door. It is coming. If the woman has a breast cancer gene, her daughter may be a carrier, and she may want to know it. It does not matter whether she wants to know it or not, the information is there and that puts her completely into a different world. 

Here we are witnessing the dilemma of knowledge and information and it will not just be the gene for breast cancer; the same will apply to prostate cancer, heart diseases and diseases like Parkinson and Alzheimer and maybe even for our intelligence. Parents might want to have children with certain intelligence. It would mean that genes would be taken from the uterus of the newborn in order to decide whether the mother wants to deliver the child or whether she opts for an abortion. 

All of this is not imagination. I am talking about something that is right behind our door, and we are going to witness it in its full blunt development, because we are talking about the next 10 to 15 years. This is the bomb that is ticking along with a wonderful world that is waiting for us in biomedicine. I believe that we are living in a society in which such developments will not remain in the laboratory of the scientist. This is something that has to be dealt with at the societal level, and it has to involve all of us from philosophers to law makers and from businessmen to clerics. We truly need to think about, I would not say dangers, but the problems that will come along with the information. 
Already nowadays we are depositing a lot of information in our computers, and our countries know much more about us than 20 years ago. Now, however, it is going to penetrate our bodies. Previously it was information that we gave by exposing ourselves e.g. by issuing a passport or by travelling around. Thus, there is already a lot of information the authorities know about us, but so far they did not penetrate our own bodies. Our body was the border, but from now on this is going to change, and we seriously have to think about the implications of this intrusion. 

I end up here and open it to questions if there are any. 

Question:

Should science development be stopped to prevent it from doing more harm to mankind than good? 
Prof. Aaron Ciechanover: 

Think about Alfred Nobel who invented the dynamite. With dynamite you can load a bullet and shoot it between the eyes of somebody. On the contrary, however, this auditorium would have never been build without dynamite, because we had to shuffle the ground. Dynamite is needed to build bridges and to carve roads, to drill oil and gas. Can you imagine the world without dynamite? Another example is radio activity. With radio activity we developed the atom bomb that killed thousands and handicapped even more in Hiroshima, Nagasaki and Chernobyl and, on the other hand, we are curing cancer with radio activity. We are using radio isotopes in the laboratory in order to diagnose diseases. Shall we ban radio activity, because some country is developing an atom bomb and threatens to destroy other countries and, at the same time, not developing radio isotope accelerators to treat cancer patients? I think this is why dialogues and the exchange of ideas are so important. 

Another example is cloning. We can think of somebody who sits in his basement and clones a hundred Hitlers, Pol Pots or Stalins who one day will erupt from the basement and take over the world. In the biological world, on the other hand, cloning has become the base of developing new drugs. So shall we stop cloning? 

Therefore the answer is no, science should proceed. In democracies scientific research should be controlled by check and balances that govern what should be done and what should not be done and that promote open and transparent research. Every good thing can be turned to bad, I can cut the electric cable that leads to this computer and electrocute somebody, and such rather absurd examples are endless. The dynamite and the radio activity are not absurd examples at all. You have the atom bomb on the one hand and you have radio accelerators to treat cancer patients on the other. I think that science should proceed, but under checks and balances, and the key for it is a heavily based democracy with legislative bodies that will ensure its beneficial applications and contain its spread before it becomes harmful. 
Question: 
Can tests using biochemistry tell about a person’s character traits other than physical ones? 
Prof. Aaron Ciechanover: 

It is a very interesting question about the genetics of intelligence. I want to use a simple example. When we die, we die completely. We may leave behind what we wrote, sculpted or build. Our spirit may live on in those who memorize us, but they will also die one day. The fact is that even our intelligence is something physical which disappears when we die. We cannot confine our intelligence in a box that somebody can open to further and develop or even use it. We say that intelligence in a way is physical, but on the other hand is it also environmental. Our cultural environment influences not only our intelligence, but also our physics. In polluted environments people have more diseases than others who live in a clean environment. It is not only genetically defined, but also pollution and nutrition are significant factors. Most of us are not aware of what we are eating and what it does to us. 

Many people claim that intelligence is inherited; that it can be found in the genes and that it will not be unigenic. Intelligence will not be defined by only one gene. It will not be one sequence from A to C, but it will be multigenic and an interplay of several levels of expression of proteins. I think that in the end the deciphering will be a very difficult and complex process, because we need to attribute parameters to what constitutes intelligence. 
We need to collect a huge amount of data about intelligent people, and since we have to define intelligence, we are entering a mine field here for which I do not have a solution. The question is whether knowing these genes is more important than keeping the personal space that would get lost by classifying people as more intelligent genetically. Shall we tell somebody to forget about doing something in his or her live just because of the genetic composition? 

Let us assume that everybody’s human genome will be there tomorrow and that we decide examining people on their genetic intelligence. On the one hand we take awfully intelligent people and on the other hand we take people that are marginally intelligent. We will sequence them and come up with a data. I can guarantee you that the ethical and social implications will be enormous and that we will face immense difficulties in approaching this experiment, not in implementing it, but in approving it with the authorities. 
Nevertheless, let us imagine that we do the experiment, and now we have genes. The study revealed that 20 genes need to be in a certain sequence in order to have people with an IQ of 120 and above. Everybody who does not fall into that category will have an IQ of 80 and below. 

This information will be openly accessible, and we want to have intelligent babies. An example will be taken from the unborn and shows an IQ of 99. The parents, however, do not want to have a kid with an IQ of 99, and other parents might set the standard even higher. Here sky becomes the limit, and we have to ask what will be the limit? Who will tell what constitutes intelligence? It is in the eye of the beholder. Even if such an experiment will be approved, its social and ethical implications will make it extremely difficult. But yes, intelligence is clearly imprinted partially in our genes, and there are many evidences for that.  

Question:
You mentioned earlier that our susceptibility to diseases is based on our gene sequence or DNA sequence as well as on environmental factors. How can we be able to accurately calculate the probability of how susceptible we are to diseases when we cannot actually measure our environmental factors? 
Prof. Aaron Ciechanover: 

If you want to see the whole picture of physical diseases, then you have to consider three factors: First genetics, where we so far have no control. Second environment, which we try to control. Like we are now trying to make the world greener, because we managed to destroy this planet within 50 years. It was a wonderful place in the 19th century, and we completely destroyed it because of the industry’s pollution and the rise in population. The planet cannot hold such a rising population which is also the result of science and technology. On the one hand because of science and technology our life span almost doubled just in the twentieth century which can be attributed to the invention of new drugs like antibiotics and to an overall improvement in our lifestyle. On the other hand pollution doubled, and we are depleting our natural resources by which we are ticking the balance towards destruction. To recap, diseases are influenced by genetics, by environmental factors and third: Diseases are influenced by behaviour. 

The behavioural component is also very important. Our eating habits and nutrition are good examples. Through uncontrolled and dissolute eating habits people easily become obese which may lead to high cholesterol, diabetes and heart attacks. Our behaviour is barely controllable, even though it is something which is just between myself. People barely can control their behaviour, and eating is just one aspect of a behavioural component. I think that by controlling our behaviour we can do a lot about diseases. Not so much about the genetic diseases like Alzheimer, but about some of the typical diseases of the Western civilization like heart attacks and cancer. 
We can also influence diseases by choosing our living environment, even though the environment is not completely in our own hands. These three factors, genetics, environment and behaviour have a gradual component going from the easiest to the most difficult as far as control is concerned. Behaviour is the easiest to control, environment is already harder to control and finally genetics, what can we do? 
We have received the genes from our parents; so far we cannot do much. This is about to change, because soon we shall be able to manipulate our genes. If we shall discover the personal human genome, we shall discover susceptible genes, and then we shall be able to manipulate them by replacing them. The replacing technology is already there. Still it has some flaws in it, but it is all technical, and the scientist will overcome it, and we shall then be able to replace bad genes with good ones. 
It will not be easy because people may want to start exchanging brown for blue eyes or certain intelligence traits, and we will become like a garage where we choose from a shelf a set of genes which we replace for unwanted ones. That is obviously a 22nd century dream, but in principle it is true and can become reality. We shall be able to manipulate our genes, but it will not be that easy ethically, and we have to carefully think of all the implications. 
Let us not forget what makes this world so beautiful and that is our diversity as people, not only within a nation, but mostly among nations. What is so beautiful about travelling the world? Once we cross the border, we hear different languages, look into different eyes, see different architecture, experience different traditions and are witnesses of different histories. 
Our diversity and culture has become flat in many ways. Everybody wants their son or daughter to be a Harvard graduate or to be a high tech or bio tech specialist and so forth. I warmly can recommend the wonderful book “The world is flat” by New York Times columnist and Pulitzer Prize winning author Thomas L. Friedman. And I agree we are flattening ourselves by erasing historical, cultural and religious borders. But that is an extension of this genetic manipulation and therefore I am not sure about whether it is desirable to emulate certain ideals like the Western ideal to be blond, blue eyed, liberal and have an IQ of 130. 
Question:  
According to what I have read ubiquitin-mediated degradation of proteins concerns DNA expression and repair. My question is whether you have made any discoveries of the relation between ubiquitin-mediated processes and the correction and repair of the genetic dispositions of diseases? 

Prof. Aaron Ciechanover: 

The ubiquitin system that we discovered touches on basically every aspect of cellular life. It has 2,000 components, and the ubiquitin system constitutes 10 per cent of the human genome. Among other functions it is also involved in DNA repair, but this DNA repair is not a manipulation of the human genome, it is a natural process of repairing it. Our DNA is a very sensitive material and very susceptible to hits by the outside environment like radiation and chemical influences. We have about 1013  cells in our body and the DNA receives approximately 1018  hits on its structure every day. Every cell gets about 105 hits daily which means hundred of thousand hits on every cell DNA. 
Taking into consideration that some of the cells do not have DNA at all like grey blood cells, it is an enormous burden the cells have to take. Some cells get million hits per day, and each of the hits is potentially cancerous and mutational. Most of them are being repaired by mechanisms in which the ubiquitin system takes part. The ubiquitin system is partly responsible, not for manipulating the genes, but for keeping ourselves tidy. It is a system that cleans up either the proteins that are not functioning or repairs the DNA that got numerous hits per day. It is a nice garbage cleaning system, and the ubiquitin system does not only exist in humans; it’s ubiquitious as the name implies and thus also exists in plants, animals and other living organisms. 
Think about the human body as a paradigm and about its complexity. We are living 70 or 80 years in Western countries, and these 70 or 80 years are successive. It is irrespective of day or night, weekend or holiday that our heart beats about 60 times per minute. There is not another machine that is man-made, and all the machines are man-made, that is even approaching from a distance the complexity and efficiency of the human body. 
Think about a car which already needs an overhaul after 10,000 kilometres, and parts need to be replaced. Several thousand kilometres more, and we need to buy a new one. We are exchanging numerous cars in our lifetime, but we cannot exchange our body. The ubiquitin system is probably one of the best mechanics that God or evolution has ever created, because it is a mechanic that works online. It sees something, and it repairs it. It does not wait for another 5,000 kilometres; if there is a hit on the DNA, it is being repaired immediately. Think about every cell that gets a million hits per day. We have about 100,000 seconds per day, and if every cell gets a million hits per day, then every cell gets 10 hits on the DNA per second. This gives us an indication of how efficient the ubiquitin system and other cleaning systems have to be in order to prevent mutation that will cause e.g. cancer or birth defects and so forth. The DNA repair is nothing else than damage repair.  
Question: 
I will ask a rather pessimistic question. With the human race continuing to evolve naturally we have also increasing problems to face like the depletion and disappearance of the ozone layer and the resulting increase in UV radiation. Do you think it will ever be necessary to use the advances of technology to manipulate the human genome to save the human race and take control of our evolution? 
Prof. Aaron Ciechanover: 

This is a really difficult question. It is in the last 50 or 100 years at the most that we are really destroying our planet in an unbelievable way. Life in the nineteenth century was very primitive, and every second a baby was dying during birth. There were diseases and infections which limited the size of the population, because people just died at an early age. Later on we started to develop drugs so people could live longer lives, but we also started to deplete the ozone layer, contaminate the atmosphere and consume all of our natural resources which were generated for millions of years. 

Let me rephrase the question in a maybe abrupt way: Will a point come that we will stop development and just say no, we do not want any more new technologies? We do not want to explore the space, and we do not want to develop new technologies. We shall not do it anymore in order to rescue ourselves, and the answer is that I do not know it. It is very difficult to imagine that we will stop engineers from going to school and learn, because we do not want engineers to make any more inventions. It is difficult to imagine that we do not want anybody to develop more computers and gain more knowledge to develop new technologies, because we are destroying our world. 
Think about the big problem Barack Obama is currently facing with the health reform in the United States where the drugs are becoming so expensive that they are useless for most of the people, because most of the people do not have access to these technologies. In medicine new technologies are developed all the time, and countries cannot carry it on anymore. The USA is now spending 18 per cent of their budget on health care, and President Obama understands that this is the limit, because otherwise the country will collapse. Normally the health expenditure of an OECD country is 8 per cent, but eight per cent is not sufficient. 
In Israel, for example, we are limiting the access to technology by limiting the number of machines. The government of Israel limits willingly and knowingly the number of magnetic resonance imagining (MRI) machines so that people will have to queue. By doing so the government limits the expenses; because the more people will undergo a MRI scanning, the more weight will be put on the insurance companies since nobody has the capacity to monitor the must screening versus the prevention. The must screening on the other hand has also a preventive effect, and it is better to prevent than to treat a cancer. The problem is whether it is better to treat one woman or to prevent cancer from occurring with another ten. The government will be concerned about cost efficiency since they are businesses that run people or people that run people. 

The question is whether we shall limit out stock of MRI’s or new technologies and prevent new technologies from entering the country, because it will burden the economy to such an extent that we will not be able to carry it. Or else that only the rich people will have access to the new technologies. 

I must admit that it is a very interesting question, and I think that society, even a very advanced society has not yet reached the point to develop tools to seriously start discussing such an issue.  

What are the limits of science and technology that will bring the world to a ticking point? That if we progress beyond it, we will be going to destroy ourselves and embark on an irreversible destruction route. To avoid such an irreversible destruction we are trying to do all kind of things. We are trying to be greener, and we are trying to be fuel and energy savers.  

I think that this movement gains momentum in an aim to balance the damage versus the benefits. We are not there yet, and your question brought it to the extreme. Shall we close universities so that there will be no more engineers who will develop new technologies? Shall we limit the number of new technologies and stop new inventions? I think that this question will float in a more abrupt way once the damage to the environment will be so severe that we either start starving or succumb to diseases. Fortunately we are not there yet, but I think that this question shall certainly be on the near horizon. 

Question: 
Could the process of the ubiquitin-mediated protein degradation be modified to essentially reverse the growth of a tumour? 
Prof. Aaron Ciechanover: 

My own view of science is that it should not be directed. I am not into researching diseases; I am researching diseases, because I am curious. The matter of fact is that our discoveries were taken by others and applied to the development of e.g. cancer drugs. A very successful drug has been developed from our research which sells for more than a billion and a half USD dollars a year. However, we have nothing to do with the development of the drug and intentionally so, because we just wanted to study nature, and I did not want to subvert my studies to any money coming from pharmaceutical companies. I wanted to follow my imagination, and I still adhere to it. 
We are not doing any applied research, but we are unravelling very basic biological processes that have a relevance to cancer. We are using cancer as a model in order to study these processes, and I am doing it because I am curious about biology. I am also very curious about what I see around me and how are things regulated, and regulation is the key word. 
It is all about regulation, and everything is regulated. Just think about your fingers, height, size, weight and proportion. Why is it that we are not double the size or twice the height? Why our heart pumps about 60 times a minute and not 120? You might never have thought about it, but everything around us in biology is regulated.
I am very curious about regulation; it is the thing that drives me in life, and I always look for something that is regulated. The ubiquitin system is tightly regulated, but it is also tightly linked to the generation of various cancers, and there are many good drugs that are being developed from our research. I am on the board of many scientific advisory boards of companies, but I am not developing drugs myself. 

The reason for my research is not only curiosity, but it is also educational. I want to educate the new generation and the students who are coming to the laboratory. Once you are doing drug development you are already in a secretive environment, because the companies are afraid that some secrets will leak out and they do not want their competitors to know anything. That disseminates not a good atmosphere of communication and discussions in the laboratory, but otherwise we can have an open environment in the lab and students and physicians can visit us, and there are no secrets. 

I am always afraid that whenever commercial money will come in, it stops the spirit of free science. Therefore I am not doing anything that directly involves the research of diseases, because this will bring into the laboratory what I call applied directed money which I decided in principle not to do. Yet, the research system is heavily applied and strongly influenced by pharmaceutical companies.  
Question: 
You mentioned earlier that by using the human genome you could isolate genes and change your own genes. Will there be a danger that, for example, governments are misusing that technology to manipulate people’s actions and thoughts? 
Prof. Aaron Ciechanover: 

It would not only be the government, but also the insurance companies which could use the technology for their purposes. Let us assume that you are going to make a life assurance or an automobile insurance. At the present time the insurance company would like to know very little details. They want to know your age, because the older you are the more susceptible to diseases you are, and they will ask you whether one of your parents had suffered a heart attack, because the likelihood that you will suffer one as well increases. They will make a calculation and tell you, for example, that the costs for the policy will be 1,000 Dollars a year. In the case of the automobile insurance they will check your driving record to find out whether or not you have been involved in a road accident, and you can get a driving insurance for maybe another 1,000 Dollars. 

Insurance is a business that runs by statistics; because what the insurance companies know is the number of insurers and the approximate amount of money they have to pay every year. If the insurance company has to pay 1 million every year, they have to make sure that their yearly earnings exceed that amount. The insurance business is a very deliberate division of risk. From 1,000 insurers some will never be involved in a road accident and some will be involved twice a day. It is statistics, yet these statistics can be questioned by the insurer. 
A very cautious driver who, in several years of driving, has never been involved in any road accident might not be willing to pay the whole amount, because the risk of being involved in an accident is considerably low. The man or woman just might want to pay one Penny and wants the person who is frequently involved in road accidents to pay 1, 999, 99 Dollars, because his risk is worth the high amount. 

Eventually, the demand will come from the insurance companies which do not want to share the risk, and insurance is all about risk sharing. It is a risk sharing that is partially assessed by the companies according to superficial statistics and not scientific data. The unravelling of our human genome, however, might present the insurance companies an unprecedented tool for risk calculation, which might meet severe resistance among the insurers.  
The human genome will be able to assess a person’s tendencies to succumb to heart attack or get involved in road accidents much more accurately than all the tools which are currently at our availability. The human genome is a continuum on the development of knowledge. Until 50 years ago we did not know that cholesterol is risky, but now we know it. We did not know about the health damaging effects of smoking, but now we know it, too. The same can be said about the relation between air pollution and global warming, and the same also will apply for the personal human genome and how certain genes are related to, for example, a certain disease. 
Once we know about the human genome, the same question will be asked again and again. It will concern the governments, the insurance companies and eventually it will concern us personally. 
The risks are there which takes me back to the question whether we should stop because there is a danger? And the answer is no; we should never stop. We should never even think of stopping knowledge, and the gaining of knowledge should never be stopped at any door gate. It should flourish and the aspiration to more and more knowledge should be the root on which the human society grows and irrigates itself. However, we should be cautious and understand each step we take and take measures to prevent that a broken glass will not be converted into a neck slashing machine. To sum up, science should proceed, yet consciously and peacefully.  
