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It is a tremendous honor for me to be a recipient the Nobel Prize in Physiology or Medicine this year. I would like to deeply thank the Nobel foundation and selection committee for have chosen me as one of the laureates. I feel especially honored to share the award with Dr. Sir John Gurdon, who started the field of nuclear reprogramming 50 years ago. Without his seminal work done in the year I was born, I wouldn’t be here today. 



My early days in science 

Researches led to iPS cells 

Potential of iPS Cells 
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Presentation Notes
In my lecture today, I would like to talk on three topics. First I will talk about my early days as a scientist. Then I will introduce to you the researches of my own and others that led to iPS cells. Finally I will discuss about the medical, and pharmaceutical potential of iPS cells. 



My early days in science 

Unexpected results 

Great mentors 
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In my early days as a scientist, namely when I was a graduate student and a postdoctoral fellow, I have to say I was extremely lucky in two ways. The first luck was that I had multiple opportunities to observe completely unexpected results in my experiments, which brought to me to start new projects. The second luck was that I was able to work under great mentors in both graduate school and postdoctoral training. Let me introduce to you the unexpected results and my great mentors in the next several minutes. 



PhD Student: Osaka City University 

Dr. Katsuyuki Miura 
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I started my carrier as an orthopedic surgeon 25 years ago. However, I soon realized I was not talented in surgery. I also realized　that even talented surgons cannot help patients suffering from intractable diseases and injuries.  Because of these two reasons, I decided to change my carrier from a surgeon to a scientist.  I entered a graduate school in Osaka City University in 1989. I majored in pharmacology and studied about the regulation of blood pressure. My direct mentor was Dr. Katsuyuki Miura. 
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The very first experiment I performed was to test Dr. Miura’s hypothesis. In dogs, intravenous injection of a vasoactive molecule platelet activating factor (PAF) caused a transit decrease in blood pressure. Dr. Miura thought that this decrease in blood pressue was mediated by another molecule thromboxane A2. If his hypothesis is correct, pretreament with the thromboxane A2 inhibitor should block PAF-induced transit decrease in blood pressure. It was an easy experiment suitable for a beginner. However, what I observed was  a totally unexpected one. In the beginning, the thromboxane A2 inhibitor seemed not effective. I observed the normal patter of transient decrease in blood pressure by PAF. After a few minutes, however, I observed a very sever and prolong decrease in blood pressure, which I had never observed with PAF. I got so excited by this unexpected result that I rushed into Dr. Miura’s office and take him to the dog. Although it turned out his hypothesis was wrong, Dr. Miura got very excited too. I spent the following two years to understand the mechanism of this unexpected result. Dr. Miura kept encouraging me all the time. 



Dr. Tom Innerarity 

Postdoctoral Fellow: Gladstone Institute 
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After getting Ph.D. in 1993, I decided to continue my scientific training in the United States. I joined Gladstone Institute of Cardiovascular Diseases in San Francisco. This is my then mentor, Dr. Thomas Innerarity. 
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Dr. Innerarity asked me to perform an experiment to test his hypothesis. He was interested in one human gene, named APOBEC1, that play important roles in cholesterol metabolism. He hypothesized that by overeexpressing APOBEC1 in liver, he can lower plasma cholesterol levels and prevent atherosclerosis. To test his idea, he asked me to generate genetically modified mice that overexpressed APOBEC1 in liver. I worked very hard, day and night, and was able to generate such mice quickly. However, the result we observed was something totally unexpected. One day in the morning a technician working with me and taking care of my mice rushed into me and said something strange. She said, “Shinya, your mice are pregnant. But, they are male.” I got confused. I went to see and found what she was saying was correct. Many mice, both male and female, looked like they were pregnant. I further looked into what was going on.




Liver cancer 
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This is what I observed. The mice developed cancers in livers. It turned out that APOBEC1 is a potent oncogene. Again, I got very excited about this totally unexpected result. I wanted to know how APOBEC1 makes cancer? Naturally, Dr. Inneraity got disappointed. APOBEC1 can no longer be used to prevent atherosclerosis. Scientifically, however, Dr. Inneraity got excited by the result, too.  Dr. Innerarity  encouraged me to keep working on APOBEC1. I became the only one person who worked on liver cancer at Gladstone institute of cardiovascular diseases. I am grateful to Dr. Innerarity and then director of the institute, Dr. Bob Mahley for allowing me to do so. 
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Unexpected results 
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These were the two examples of unexpected results that excited me a lot and had completely changed my projects. I want to remind you again that in both cases, my mentors as well got excited by the results which were different from their expectations and encouraged and helped me to pursue the new projects. In a sense, I had two types of great mentors. The first one is real mentors, Drs. Miura and Innerarity. I have been trying hard to become a mentor like them, but I found it difficult. I will keep doing my best. The second one is nature itself. Nature taught me something I did not expect, and brought me to the new projects. 



Researches that led to iPS cells 
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Now I would like to talk about iPS cells, that we are now working on. I want to share with you how we became able to generate iPS cells.



Liver cancer 
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My research that led to iPS cells started from this ugly cancers caused by APOBEC1. As I mentioned, I tried to understand the cause of this cancer at Gladstone Institute of Cardiovascuar diseases. 
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APOBEC1 is an enzyme. I identified one new target of APOBEC1, which I designated NAT1 for novel APOBEC1 target 1. From its protein sequence, I predicted that NAT1 functions as a tumor suppressor gene and is responsible for the cancers caused by APOBEC1. However, here again, I obtained an unexpected result. I found that NAT1 is essential for pluripotency of mouse embryonic stem cells, ES cells. 
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ES cells are stem cells that scientists generate from early embryos. ES cells were first generated in mice by Dr. Sir Martin Evans in 1981. As you all know, Dr. Evans received the Nobel prize in 2007. 
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ES cells have two important properties. The fist one is their nearly infinite proliferation. We can expand the numbers of ES cells as much as we want.  The other important property is pluripotency, the ability to differentiate into nearly all types of somatic cells that exist in body, such as muscle cells and nerve cells. We found that NAT1 is indispensable for the pluripotency of mouse ES cells.  When we disrupted the NAT1 function, ES cells became unable to differentite. Because of this unexpected result, my research interest shifted from cancer to stem cells. 
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While I was working on NAT1, I came back from San Francisco to Japan. After a several months, I suffered from a disease that I designated PAD. You may wonder what is. Actually I coined the word. PAD stands fro post America depression. I was not sure whether my work on mouse ES cells can help human patients in future. In addition, the scientific environment was not as good as the one I had at Gladstone Institute. I was about to quit science because of PAD. I was that much depressed. However again, two unexpected events happened in my life, which rescued me from PAD.
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One event is the generation of human ES cells in 1998 by Dr. James Thomson of University of Wisconsin. 
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Since human ES cells have the same two important properties as mouse ES cells, they have a potential to produce various human cells in a large quantity, such as neural cells and cardiac cells. Then, we should be able to treat patients suffering from various disease and injuries, such as Parkinson disease, spinal cord injury, and cardiac failure, by transplanting those human cells. It turned out that cells that I had been working on could contribute to regenerative medicine. I got so excited when I first read Dr. Thomson’s paper.



Became a principle investigator in Nara (Dec., 1999) 
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The other event which rescued me from PAD was my new position at Nara Institute of Science and Technology. I got my own laboratory for the first time in 1999 when I was 37. As you can see here, this institute has a beautiful campus, updated equipment, good faculty members, and most importantly, many talented graduate students. I was able to overcome my PAD.
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I though I should make a clear vision or long-term goal of my own laboratory. And, I decided this as the goal of my lab. To make ES cells not from human embryos, but from patients’ own somatic cells, such as skin cells.



Moral hurdle of human ES cells 
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Our goal is important to overcome a moral hurdle of human ES cells. Since we have to use human embryos to generate human ES cells, many people in the world are against the generation and usage of human ES cells. I thought we can overcome this issue because of two previously established scientific streams. 



Sir John Gurdon 

Somatic cells can be reprogrammed into the embryonic state 
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The first stream is “nuclear reprogramming “ initiated by Dr. Sir John Gurdon. As you just heard from his lecture, Dr. Gurdon demonstrated that somatic cells can be reprogrammed back into the embryonic state by means of nuclear transfer. 



Dr. Harold Weintraub 

The transcription factor MyoD turns fibroblasts into muscle 
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The other scientific stream is factor-mediated cell fate conversion,  started by Dr. Weintraub, who showed that a single transcription factor MyoD can convert mouse fibroblasts into muscle cells. 
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Based on these two scientific streams, I hypothesized that there should be factors that can induce reprogramming in somatic cells. By identifying such factors, we should be able to convert somatic cells into ES cell-like pluripotent stem cells. I did not know how many factors were required. I can be one, 10, 100, or even more. I thought it could take long to identify such factor, 10 years, 20 years, or even longer. 
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Very luckily, however, it took  only six years. In 2006, we, through our research, were able to report that the combination of four transcription factors, Oct3/4, Sox2, c-Myc, and Klf4, converted mouse skin cells into ES cell like pluripotent stem cells, which we designated iPS cells for induced pluripotent stem cells. In 2007, we and others showed that the same four factors can make human iPS cells. 
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Let me use this slide to explain how we identified the four factors. We first collected 24 candidate factors. These three members as well as other members contributed to this step. We also established a simple and sensitive assay system to evaluate the 24 candidates. These two members did this work. Finally this member utilized the assay system and identified the four factors out of 24 that can make iPS cells.
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So it was indeed these three young researchers who generated iPS cells. Kazutoshi Takahashi and Yoshimi Tokuzawa were two of my very first graduate students. Tomoko Ichisaka is my first technical staff. Without devoing work by these three, we could have never generated iPS cells, at least in my own laboratory. I am very proud of these talented and hard working young researchers. 



Potential of iPS cells 
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Let me move on to the third topic. I would like to discuss about the potential of iPS cells. 
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There are two major applications of iPS cells. One is a pharmaceutical application. We can make disease models for drug screening by generating iPS cells from patient. The other application is cell therapy, or regenerative medicine. 
Let me first introduce to you the pharmaceutical application
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I would like to use intractable disease known as motor neurons disease to explain the pharmaceutial application. Motor neuron is an important nerve that transmits the instruction from the brain to muscles. In patients suffering from motor neuron disease, their motor neurons gradually degenerate and eventually die because of mechanisms that are not yet fully understood. As a result, patients lose their motor functions. They cannot move their muscles. They become unable to move, speak, and in the end, breathe. However, they can see, hear, and think normally. This is a very sever and distressing condition for patients and their family members. Despite numerous efforts by many researchers, we still do not have effective drugs for these patients, primarily because we do not have good disease models. For many disease, animal models are very useful to develop new drugs. For motor neuron disease, we do have some animal models and many drugs have been identified to be effective on animals. But many times, unfortunately, those drugs have turned out to be not effective on human patients. For motor neuron disease, for people, we need to use human cells. However, it is impossible to obtain sufficient amounts of motor neurons for making disease models from patients by biopsy. 
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iPS cell technology has overcome this limitation. Many scientists all over the world have been generating iPS cells from patients and succeeded to generate motor neurons from iPS cells. Since we can expand the number of iPS cells as much as we want, we can prepare a large amount of motor neurons that have the same genetic information with the patient. By using these patient-derived motor neurons, we can develop disease models and perform drug screening. 
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One of my colleagues in Kyoto, Dr. Haruhisa Inoue, is among such researchers. Dr. Inoue has generated motor neurons from both patients and healthy control donors. Motor neurons have long projections that are necessary for transmitting signals from brain to muscle. Dr. Inoue found that motor neurons from patients have significantly shorter projections.



Robotic Drug Screening 
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Dr. Inoue is now searching for drugs that can correct the abnormal shape of patient-derived motor neurons. We have collected more that 30,000 chemicals and natural derivative as drug candidates. We are now using this kind of robotic systems to systematically test those many drug candidates using motor neurons derived from patient-iPS cells. 
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Let me move on to the other application, that is cell therapy also known as regenerative medicine. 
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From iPS cells, we can prepare a large amount of human somatic cells, such as dopaminergic neurons shown as DA neurons, retinal pigment epithelial cells, cardiac cells, neural progenitor cells, and platelets. Scientists are now trying to treat patients suffering from various diseases and injuries, such as Parkinson diseases, macular degenerations, cardiac failure, spinal cord injury, and platelet deficiency. In Japan and other countries, pre-clinical studies are actively going on to test the efficacy and safety of these treatments using animal models. 
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Three scientific streams that led to iPS cells 
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Next Monday, I am going to receive the Nobel prize on behalf of many scientist who have contributed to the generation of iPS cells and rapid progress of the technology. iPS cells became possible based on three scientific streams. The first stream is nuclear reprogramming initiated by Sir John Gurdon. Sir Ian Wilmut succeeded in somatic cloning for the first time in mammals, in sheep. Dr. Takashi Tada showed that ES cells contain factors that induce reprogramming. The second stream is factor-mediated cell fate conversion initiated by Dr. Harold Weintraub. The third stream is ES cells initiated by Sir Martin Evans and Dr. Gail Martin. Dr. Austin Smith  have identified many factors essential for pluripotency. Dr. James Thomson generated human ES cells. Without any of these works, we could have never generated iPS cells. 
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Now from iPS cells, new scientific streams have already emerged. In 2007, Dr. Rudolf Jaenisch provided a proof of concept of iPS cell-based cell therapy in mice. In 2009, Dr. George Daley and Dr. Kevin Eggan generated iPS cells from patients for the first time. Here I want to note another stream that has emerged from iPS cells. In 2008, Dr. Douglous Melton showed that cell fate can be converted directly by introducing a small number of transcription factors in living mice. This stream is called direct reprogramming, which has been followed by many scientists. More recently Dr Deepak Srivastava provided a poof of concept of a new therapy using direct repogramming. I sincerely hope that in the near future, these technologies will indeed help patients with intractable diseases. I also hope that some of these researches will receive another Novel prize in the future. 
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I would like to thank all  the colleagues at Center for iPS Cell Research and Application at Kyoto University. We have more than 200 people in this building. I am also grateful to Kyoto university for the continuous supports. Our president Dr. Hiroshi Matsumoto is with us today. 
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Let me express my sincere gratitude to Gladstone Institutes in San Francisco. Since 2007, I have a small, but brilliant group at Gladstone. Regular visits to Gladstone always activate my science. I would like to thank the President Emeritus Dr. Bob Mahley and the Director Dr. Deepak Srivastava, who are also with us today, for such a great opportunity at Gladstone. 



Tusen Tack! 
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Today also with me are my family members. Being a scientist is full of joys, but at the same time full of stress. Without continuous support from my family, I would never be here today. I miss my father who passed away 25 years ago and my father in law who passed way earlier this year. I believe they are enjoying this moment together in the heaven. It was my father who talked me into medicine. It was may father in law who showed me how a doctor should be. I have to, I want to bring iPS cells to patients before I meet both of my fathers again in the future. 
Thank you so much for your attention. 
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