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MR. RICH MURPHY:  My name is Rich Murphy, and I’m the president of the Salk Institute.


We want to welcome all of you here today and certainly Senator Deborah Ortiz and her colleagues and also our colleagues from the California Healthcare Institute, who are cosponsoring this event.


We are very, very happy to be able to host this event because we, like you, realize that this is a time of great excitement and also a time of great concern.  I think the excitement comes from the fact that we all realize that human stem cells are a tool of enormous potential for replacing diseased cells in the body.  When we look at potential therapies for diseases like heart disease, liver disease, diabetes, Parkinson’s disease, and many others, we realize that stem cells are a tool that may be used in alleviating those diseases or even curing them.  We realize, also, that to realize the potential of all these cells, the beginning and end comes with human stem cell research, and we need to begin that assault.  The concern, at least in my mind, comes from the federal  government’s approach to limit stem cell research, and three issues stick out.  


First, the President’s August 9, 2001 speech in which he limited federally funded stem cell research to 64 existing human stem cell lines, most of which we now know were of limited usefulness.  To me, the worst part of that decision was its lack of understanding how science is done.  The best research happens when scientists are given the freedom to create the technology and the tools they need to understand how biological systems work and to refine the technology that they’ve created.  I think the President’s decision to limit research to a certain number of human stem cell lines ignores that principle.  It’s analogous to telling computer scientists to create one of today’s high-speed computers using the first generation of microprocessors.  It just doesn’t work.


I’m also concerned about the Administration’s language now in supporting the Brownback bill, in which they are bundling, under the term “human cloning,” reproductive cloning – which very few people support – and human stem cell research – which the majority of Americans seem to support.  To me, this seems to be an intentional effort to mislead, which I think is unfortunate.


Finally, I’m uncomfortable with the personal morality in which all of this seems to be packaged.  To me, one of President Bush’s finest moments happened after September 11, when he defined America as a place that was big enough to embrace people of many cultures, religions, and creeds.  However, his stem cell policy, at least to me, seems to ignore that concept and be targeted to the morality of a small group of people in the religious right, and I think that’s unfortunate.


So, with that background, I’m very happy to support the efforts of Senator Ortiz and CHI, and hope that, together, you will be able to bring some sense to the stem cell debate and lead us all into a more enlightened position.  We are delighted that you’re all here.  We look forward to a very productive conference this morning and, hopefully, some insights into this problem.


Please join me in welcoming the chair of California’s Senate Health and Human Services Committee, Senator Deborah Ortiz.


SENATOR DEBORAH ORTIZ:  Thank you so much.  Good morning.  


Let me take a moment to thank the Salk Institute for hosting today’s hearing, and thank the California Healthcare Institute as well for all of the critical assistance you have provided in this very interesting debate on what I thought was a fairly clear-cut issue in the California State Senate when I introduced Senate Bill 1272.  I don’t know that I ever imagined that there would be the kinds of creative characterizations of the hope of stem cell research and the hope for the millions of Americans but for the support of CHI, and their technical assistance and well-balanced and readily understood terms that I’ve shared with my colleagues, whether or not they vote for the measure, has been an incredible resource.  


You all should take credit for that hard work and allowing California to get as far as we have managed to arrive at with SB 1272 making it off the Senate Floor.  It’s now going to be heard in the State Assembly, and it will go through a process not unlike the Senate hearings:  an informational hearing or the policy hearing, in which a vote will be taken, as well as an appropriations hearing; then, of course, the Assembly Floor, which will be an interesting debate as well.  


I don’t know that I had ever imagined that we’d see the debate on the national level with the Brownback bill moving through and, I think, in many ways doing a disservice to all of you in the science and the hard work and sort of the cutting edge hope and dreams for all Americans that have been so distorted on the floor of the State Senate and I suspect will occur again in the Assembly.  I thank you for all you’ve done, but I also thank you ahead of time for the hard work you have in trying to get this bill moved through the State Assembly.


As you know, hundreds of millions of Americans are suffering from incredible physical, economic, and psychological consequences of chronic and degenerative diseases.  Stem cell research is that hope that I’ve referred to.  It holds that promise of developing new medical therapies, the technologies that may save or drastically improve the lives of millions of Americans suffering from Parkinson’s disease, cancer, Alzheimer’s disease, juvenile diabetes, spinal cord injuries, and heart conditions.  


If you could have seen the young girl – I think she was ten years old – who spoke at the Senate Health Committee, she told the story of her hope to grow up and be able to do what teenagers do and hope that someday she could marry, but that those hopes were relatively dim, given her projected life span and the fact that she is now on dialysis fairly regularly.  This is a ten-year-old that had all of the members of my committee very quiet, very attentive, and that’s a very difficult thing to do with some of the ideologues on the other side of the aisle on this issue.  But this young girl’s story was probably more compelling than anyone else and has a very simple disease for many to understand – juvenile diabetes.  This young girl talked about the hope that stem cell therapy offers to her and other millions of disabled and ill Americans.


Both the research community and the policymakers have a responsibility to address this need and the responsibility to commit the necessary resources to deliver this hope.  We all have an unavoidable obligation to do all that we can do to realize the potential.  


People often ask how did I get into this.  I tell the story about when I was in the State Assembly and I was dealing with a mother who was dying of ovarian cancer.  The more I read, the more dim that outlook was, and I realized, becoming friends with oncologists and researchers and managing to pass a piece of legislation that, for the last three years, in California, has funded $25 million for three year-cycles for ovarian and prostate cancer research, that the hope does lie in those early stages of diagnosing and preventing and a lot of the gene therapy hopes and dreams that can be transferred to cancer.  As a result of that, I began to see the research, and I lived through friends who didn’t live through high-dose chemo, stem cell therapies – autologous stem cell – and began to know that the hope was in the lab rather than in the hospital with the infusions of chemotherapy.  


As I began to follow this and as chair of the Health Committee, I thought, This is the next frontier.  We ought to find a way to have California commit to funding stem cell research and work through the controversy.  If you ask every average American, or every Californian, whether they think it’s an appropriate commitment of public resources to fund the kinds of hopes and dreams and medical cures, I think the average person will ignore all the rhetoric and will say, “Yes, it’s the right thing to do.”  My hope is to try, in the next four years that I have left in the State Senate, to be part of that education process and hopefully set the groundwork for others, if not for myself, to look at the ways of funding that in the future with public dollars.


That really was my motivation.  Also, I love the intellectual challenge of a new policy area and a cutting-edge policy area, so it had all of the wonderful components of exciting public policy, along with a very legitimate and warranted good debate and sound debate of the ethical issues that we face in this arena as well as the novel kinds of legal theories.  Somebody just asked me again today what if Brownback doesn’t pass, what if Feinstein doesn’t pass, or what if California manages to enact my legislation and somewhere down the line Brownback passes?  There are a bunch of novel theories about which law would control; whether we have some exceptions to move forward in California.  If it’s challenged in the U.S. Supreme Court, what would the outcome be?  All of those kinds of challenges thrill me as a policymaker, and this is one issue that I am so fortunate to be a part of.  


I’m committed, as I said, to examining all of those medical, ethical, moral, and social issues, but I want to make sure that we create, if possible, the proper oversight mechanisms to discuss these issues on an ongoing basis.  We have to balance those medical as well as ethical concerns.  We have to ensure that stem cell research moves forward and that we pursue research in a responsible manner.


Today, we’re going to examine the potential of stem cell research and the impact on California’s stem cell policy on the biomedical community and industry.  We’ll also consider the current and potential restrictions, and you’ll hear from the speakers and presenters today about what we’re facing on a federal level as well as potential future actions by the federal government.  


There’s been a lot of confusion between the position taken by President Bush in August of last year and a lot of theories about whether parts of Brownback or all of Brownback, if it passes, would be, in fact, enforceable.  So, discussions have begun:  If, in fact, Brownback becomes law, would California’s Attorney General be required to enforce the criminal provisions?  What does that mean? Does that turn doctors and researchers essentially into spies for the government and to disclose when one of their patients enters the country with a therapy that was available in another country?  What if another state does something that California has yet to do and someone goes across lines?


I know there are a lot of questions out there.  Our hope is that Brownback does not become law.  Things look better today than it did a month ago, with Senator Hatch and Senator Thurmond stepping out and, I think in many respects, courageously taking a position to say that Brownback is the wrong way to go.  The question is:  Can we convince the rest of Congress, and the Senate certainly, that Senator Feinstein’s proposal is a wonderful model that would give national protection?  Of course, it’s not unlike what we’re trying to do here in this state through my bill.   


This is the second in a series of hearings that we’ve held.  The first was at Stanford and was wonderful.  I was, again, quite honored to be around the brilliance that was in that room and the discussion that occurred in that first hearing.  The talent and the capacity that’s represented among our witnesses and participants today are such a joy to have as a policymaker.  We don’t get to do that in my committee as much as I try to.  The discussion centers around misrepresentations, and I wish some of my colleagues were here today to hear firsthand whether or not adult stem cells are adequate for the purposes that we would hope to see for cures, whether it’s Parkinson’s or Alzheimer’s or spinal cord injury or juvenile diabetes, but they’re not here to hear this.  I would have hoped that some of my colleagues could be here to listen to the discussion about whether or not research is going to cause cancer, as has been represented on the Floor as well as the policy hearings.  Unfortunately, they’re not here.


But I am going to need all of you to be a part of that discussion when those issues come up again in the Assembly policy committee as well as the Assembly Floor, as they will, to educate and reeducate.  Once persons have that information and they refuse to listen or they refuse to listen to those who know the policy area better than themselves, then we simply can’t call them ignorant.  We can just simply call them ideologues.  


I think that we’re on the right track here in California.  I’m confident that if this bill gets to the Governor’s desk, it’s likely to be signed, but we do have a little bit of a battle to go on the next phase of my legislation moving through.  So, I’m going to thank you all once again ahead of time for making that possible and for all the work that you’re going to do on that measure in the other house.


At this time I’m going to go ahead and introduce Professor Fred Gage, who’s actually going to ask us not to sit up here, which would include Anna and myself, unless you want to come up and provide us a backdrop.  Or do you want to go directly into your presentation?  


Do you want me to stage this for you?  You’ll walk through it, okay.


Thank you.


DR. FRED H. GAGE:  Thank you, Senator Ortiz, and I thank all of you for coming.  


In my role as a speaker here, I’m going to try to get across several points.  One is to define some terminology that’s currently being used quite loosely in the public, and then make a distinction between some of the key types of uses of stem cells that are being used; in particular, reproductive cloning and stem cell nuclear transfer.  Then I thought I’d deal a little bit with the issue of adult stem cells because it’s an area I work in as well as embryonic stem cells, and I think it’ll be important to get a clearer view of what the scientific understanding is in terms of the ability of adult stem cells to take on different roles.


To begin with, I’m going to talk about some terminology.  First of all, there is more than one type of stem cell, so just saying that a stem cell exists is not really adequate.  And there are levels of stem cells’ ability to differentiate into different types of cells.  The most potent stem cell that exists is what we call the totipotent cell, and that’s actually a fertilized egg, or a zygote.  Upon implantation, that single cell can give rise to a full organism – to a child and to a living being.  That’s totipotency.  That’s very different than the concept of pluripotency.  


From the totipotent cell after the blastocyst is formed, which I’ll go into in a little more depth, there are subpopulation of cells that are now called embryonic stem cells which are part of an area called the inner cell mass.  For terminology, these are called pluripotent cells.  They cannot give rise to all the cells that are responsible for making an organism.  They are, at present, unable to give rise to this structure called a placenta, which is important for secreting molecules that allow for cells to make organs.  So, while embryonic stem cells can look like they give rise to all the different cells individually, they don’t have the capacity currently, or we don’t know how to make organs per se in a dish.  This is an important distinction because the pluripotent cell by itself, upon implantation, cannot give rise to an organism.


Below that, we have what are called multipotent stem cells.  These correspond to cells that after the embryo has begun to develop, these cells migrate into specific organs, like the pancreas, like the liver, like the brain, like the blood; and they are restricted to the extent that they can give rise to the cells of that organ, but they cannot give rise to cells of other organs.  So, if you’re a blood stem cell, you can give rise to all of the cells of the blood system, but you can’t give rise to brain cells.  And stem cells that exist in the brain throughout development – embryologically during the fetus as well as in the adult – these stem cells do exist but they are restricted to become the cells that they are restricted to in that lineage.


It’s also true that with age, from the time that a cell migrates to the fetal organ that’s developing, to the time that the cell is an adult, there are two characteristics which occur in terms of the properties of these cells.  Not only are the numbers of cells dramatically reduced with aging – so, an adult, the numbers of stem cells that persist within these organs is infinitesimal – but in addition, the current evidence is that even the adult stem cell, despite the fact that it’s in the same organ as it was in the fetus, divides at a slower rate and has less ability to differentiate into a fully functional organism.  And this is something that is an area of intense investigation but quite clear in all experimental conditions.


I think what I’ll do at this point is tell you exactly what we think of stem cell therapy.  What is it that stem cell therapy is about?  In a culture dish, it involves what we normally think of as in vitro fertilization, where a sperm is presented to an egg so that you have a fertilized egg.  The first steps of cell division, a series of four divisions that occur, the fertilized egg from a single cell moves into an eight-cell stage, which is called a morulae.  We believe that these cells are very similar in properties to the totipotent oocyte, but they don’t have the potential to expand as individual cells because, at this point, they differentiate into what’s called a blastocyst.  


A blastocyst has two major features to it.  It’s got an outer single layer of cells called trophoblasts and an inner cell mass.  The trophoblasts are the cells that will become the placenta, which will be discarded after birth, and those are the cells that actually secrete many of the molecules that allow these cells initially to go on to make organs.


Experimentally for stem cell therapies, at this six days after fertilization, the inner cell mass is excised, usually chemically, and allowed to persist within a tissue culture.  So, these 300-or-so cells, 200 cells, are extracted and put into a dish where they can, under certain defined conditions, divide.  They are what we call pluripotent cells, to the extent that they can divide and give rise to cells of lots of different tissues.  We know now that these cells in the dish, given the appropriate conditions, can give rise to all the different lineages; so, we can make these undifferentiated pluripotent cells into blood cells, into muscle cells, into liver cells, into pancreas cells, intestinal cells, and neurons.  In some cases, these cells can aggregate together to give some structural components to it, but we don’t fully understand that.


Another important part about this is that while these cells have the potential and can give rise to all of these lineages, we as scientists are still learning how to do this in the most efficient way, and we don’t know the answer to that at this point.  One of the things I’d like to present and make sure is clear is that these are very early days.  It’s very difficult for anybody to make statements about what is the most important cell or what are the most properties, because we’re still at a very early stage of understanding.  It’s very difficult for us to currently understand how to take these undifferentiated cells and force them to all become one type of cell.  We’re still getting some mixture of cells as they differentiate, so there’s lots to be learned.


As we begin to learn how to work with this experimentally in a laboratory, the idea would be to purify a single population of cells that could be used for transplantation without the risk of having the other cells differentiate. There’s an enormous amount of progress being made on a daily basis in understanding the basic ability of these cells to move down these different lineages.


I’d like to turn to a distinction between two different concepts and separate one concept out from the other.  There’s one concept which is called reproductive cloning, which you’re all familiar with.  There isn’t any scientist that is in favor of this, and I don’t think that the public is in favor of this approach, but I want to make clear what is involved in this approach and to state up front that this is distinctly different from something else that I’m going to tell you about in a minute.


With reproductive cloning, the donor cell is enucleated.  The nucleus is taken out, and there is a male donor cell who has a biopsy taken, where a skin cell is excised and the nucleus is taken out, or the cell is taken out, and the nucleus from that cell is placed into the enucleated egg.  Through some chemical-electrical activation, this cell now can begin dividing, and it goes through the same stages that I just described to you with in vitro fertilization.  The difference is that at the morulae stage, or the blastocyst stage, this cloned cell is now implanted into a woman where the cell gives rise to a child.


Now, the reasons why this is not approved or recommended or tolerated at all are multiple.  There are lots of good reasons for it but among them are scientific.  Even in experimental animals, this is a very dangerous and inefficient method, and it would be completely unreasonable and immoral to try to apply this to any clinical setting.  And I think most people would agree that that’s true.


That’s distinctly different from what is being called somatic cell nuclear transfer by the National Academy of Sciences.  Publicly, it’s called therapeutic cloning.  Under these conditions, the donor cell, or the oocyte, is enucleated, and a skin biopsy can be taken from this patient who has a disease of some sort.  The nucleus from this patient – so, it’s their own cell – you can take the nucleus, put it into this donor egg cell that’s been enucleated, activate it, and then it will develop in a culture dish up to a blastocyst.  All of this is in a culture dish where, just like with stem cell therapy, the inner cell mass is harvested and the cells are plated into a dish.  There is no implantation of this egg.  This is all done in vitro and done experimentally over a very short period of six days.  


These cells, then, get us back to the same place where those, quote/unquote, 64 lines that we have are.  These cells can then be used to understand the differences of how the cells differentiate.  I should say that there is therapeutic importance for this study because of the fact that the genetics and immunology of these cells would be the same as the patient upon transplantation of these individual cells back to the patient.  There would be no immunological rejection.  You’d be receiving your own cells back.


There’s another feature of this that’s very important and that is that biopsies from diseased individuals can be used to generate stem cells that can be examined in the culture dish so that you can understand about disease and understand about human disease in ways that one could never do this before.  So, both for clinical and basic science reasons, which will lead to other kinds of therapies, this kind of strategy is distinctly different from reproductive cloning.


An important point here is that our view is that these individual cells which have the potential for giving rise to all these different organs is still a science in its infancy.  While we know that they can give rise to individual cells, there are major hurdles to overcome to train these cells, to learn how to make these cells into organs, and one of the major hopes of this is not just the application of these individual cells into Parkinson’s patients where you’re replacing dopamine neurons, which is a clear and direct application and one that I think we will be looking at in quite the near future if this is maintained, but eventually these cells will be trained and be able to actually make organs.  This whole concept of organogenesis will be an area of investigation that will be very different from work that’s being done in animals.


While I work with experimental animals, we work with human cells as well, and there’s lots to be learned with experimental animals.  But in terms of the clinical application, we need to make this jump into the human cells, and these cells provide that venue for us to move forward.


Now, there’s been a lot of discussion about the fact that adult stem cells – remember, those are the pluripotent cells that can be harvested from the skin, from the brain, from the blood – and there have been claims that stem cells from the brain, for example, can give rise to liver and intestines and heart when injected into a chick and a mouse, and that bone marrow derived cells can give rise to brain and to liver and to muscle.  All of these claims have not fulfilled many of the criteria that scientists would believe to be adequate to justify the claims.  It’s been happening in the last few years quite a bit and much was read about this, but there’ve been some questions because they weren’t looked at very carefully as to whether or not the cells actually became functional cells in those organs, which is really important, or did they just reside there or home there.  More recently, upon examination of this more closely, several papers have been published in major journals that have called all of this into question, and that is through a phenomenon that is called “cell fusion.”


The way these experiments are normally done, in asking whether or not a blood cell could become a brain cell or a brain cell would become a blood cell, would be to isolate the brain cell and then put it in some sort of environment which has, for example, a muscle-conditioned media.  There have then been reports that that brain cell can become a muscle cell.  It’s used, in part, by genetically marking this cell and showing that it can become.


Now, the interpretation of these results for the press and for the scientific community has been that this is transdifferentiation.  These are plastic cells.  Adult cells are plastic.  Many of us were concerned about this, as there are alternative possibilities, that the stem cell population wasn’t pure initially; that there were, in fact, muscle cells contaminated in there.  In addition, many of the cells that are used in these experiments have been in culture for a long period of time, and there may have been a mutation in the cells.  None of that was claimed.  None of that was actually looked at.  


Another alternative no one examined closely but was concerned about was this idea that maybe these two cells could actually have fused in some way; come together in some way.  As I said, two recent papers and nature have demonstrated that this is, in fact, what can happen in both brain cells claiming to become muscle and in situations where bone marrow cells are interpreted as going into other types of cells as well (cross-lineage).  What they show is that, whereas normally a wild-type stem cell has a certain DNA complement that defines it as a healthy cell, when they’re put in the presence of another cell from another lineage, these two cells can merge together and give you a combined cell.  So, it’s an artificial cell.  It’s a very low frequency event, but it’s about the frequency which has been claimed for the adult cells being able to switch across different lineages.  And this has now been demonstrated by two different groups, with two different lineages, two different cell types, which calls into question, frankly, all of the claims that adult cells have the capacity for differentiating into other lineage outside what’s going on.


That’s not to say that they might not have some flexibility, and there’s a lot of effort to try to understand this, but currently, all bets are off in the scientific community as to whether or not adult cells can, in fact, do anything other than maintain their lineage.


What I want to do is to take you through some of the words – and this is my last slide – some words that are used to describe what’s happening in this potential conversion.  


A pluripotent stem cell, which, in our jargon, is the embryonic stem cell, we know that that cell can give rise, for example, to a brain cell, which we’re calling a lineage-restricted, multipotent stem cell, and it can also give rise to a bone marrow stem cell, for example.  So, ESCs clearly have this capacity.  No one’s arguing that point.


The question for us at hand is whether or not this restricted brain cell can become a blood cell or any of the other switches.  This process is called differentiation:  from a pluripotent cell to a lineage-restricted stem cell.


Conceptually, what is being claimed is that a brain cell can transdifferentiate into a blood cell.  This is what we’re talking about in terms of plasticity.  We currently have no good model for understanding how that would even happen, much less, now, evidence that it does happen.  This conversion of transdifferentiation is something that people are trying to understand mechanistically, even to put their hands around, whether or not it could occur.  


Another possibility that you’ll hear as a way of trying to put our hands around our understanding this is that a committed cell down one lineage might be able to dedifferentiate.  That means it may be able to become less committed back into a pluripotent cell, and then it could, under those conditions, go down this lineage.  There is no evidence for this currently.  And there is, at this point, no indisputable evidence that this occurs.


That’s not to say that the restricted lineages of adult stem cells don’t have their value.  They do have their value.  But what is an inappropriate statement is to say that this adult stem cell has the same capacity as what we clearly know the pluripotent cell has.


With that, I think I’ll close.


Thank you.


Do you want to have questions now?


SENATOR ORTIZ:  Actually, I was going to take questions.  I think this is the appropriate time, if there are questions from the audience, to address Dr. Gage.  I think this is a very complex walkthrough, and I was asking my staff if we could tab some of this and use it and hand it out to Members in the other house as the bill moves forward over there.  This is very fascinating and very educational, but I think that it warrants some questions if, in fact, there are some.  This is your opportunity to do that now.


Mr. Reed.


MR. DON REED:  Am I understanding correctly that adult stem cells used may have unexpected consequences, like growing something you’re not planning to grow?


DR. GAGE:  Yes.  Currently, the fact that the cells can fuse and they can give rise to this aberrant cell is an explanation for why individuals may have thought that the adult stem cells could become the other cells, because they’re making the proteins of the other cell as well as the proteins of their own cell.  It’s a misrepresentation of what the cell has actually gone through.


Now, whether or not that means that that cell is now dangerous in some way, we don’t really know that.  These are new data.  As it always turns out in science, you first have to prove that what you’re looking at is, in fact, true; and once you know that it’s true, then you have to find out the consequences of it.  


We don’t know two things.  We don’t know if this is a detrimental state for the cell, but it may have some bad connotations.  In addition, we don’t know how stable this state of fusion is and whether or not that will eventually separate back into two separate cells, which seems the most likely possibility.


So, I think what this is telling us is it’s not that it’s a dangerous event, it’s just an artifact that one could be misled into thinking that adult cells can cross between these barriers.  But I don’t think there’s evidence currently that this is a dangerous state.  In fact, we believe more likely that it’s a transient state.


SENATOR ORTIZ:  Other questions from the audience?


Let me ask Professor Gage – one of the issues, and I mentioned this in my opening comments, is that we have heard often from the opposition that the therapeutic applications of embryonic stem cell research will result in cancer.  Do you agree or disagree, and where in this presentation might there be some risk, however minor or minimal, in any of the stages that were presented in your presentation?


DR. GAGE:  I think that this is a very important point and one that the whole process of looking and examining and working with these cells in a culture dish allows for those safety issues to be addressed entirely.  


The concern, put more explicitly, is that in the dish where the embryonic cells are growing, some mutation may occur which changes the cells in such a way that upon implantation they would grow and form a cancer in the cells.  I think there’s a separation between whether or not the cells would induce a cancer to occur, and I don’t think that’s the argument.  The argument would be that the cells themselves may be aberrant, and they may generate a cancer in an individual.


By virtue of the fact that the cells are in a culture dish, and by virtue of the fact we have currently many ways of assessing the genetic state of these cells, there are safeguards that are clearly in place for determining conclusively whether or not these cells had the potential for giving rise to cancers.  They will be done, first of all, experimentally in animals prior to the implantation so this can be examined, but you can even monitor these things both genetically and in terms of the behavior of the cell in a dish.


SENATOR ORTIZ:  I think it’s an important point, and maybe everyone else in the room is a scientist and I’m the only nonscientist here, but just so that I have a clear understanding – observation in a lab setting prior to transfer or application would readily discern at an early stage whether or not this was a cell that was prone to be cancerous anyway and therefore would not be used.


DR. GAGE:  That’s exactly correct, and these mechanisms for testing can be applied over and over again.  So, the safety issue is not just done one time but done over and over again.


SENATOR ORTIZ:  Thank you for that.


Are there other questions?


AUDIENCE:  I wonder if you could address the state of our understanding of how … (inaudible).  Do we really have them clearly identified, and do we know how to grow them in quantities sufficient to use them for therapy?


DR. GAGE:  I think that’s actually a very good point.  Currently, from adult tissue the only cell type that we have a really good control of are cells from the blood.  Blood stem cells can be isolated – hemopoietic stem cells, as they’re called.  In fact, that’s the one cell that we can’t get to divide adequately in a cellular context.  Unlike embryonic stem cells and unlike other types of cells, these freshly isolated hemopoietic cells, which have great potential therapy for blood disease, do not, in fact, have the same capacity for dividing.  So, those cells, while demonstrating stem cell properties inside the body, do not demonstrate those properties in a culture dish.


For the other organs, we’re just beginning to figure out how to isolate these cells from the liver and from the brain.  In fact, there are very few cells that have been isolated from adult tissues that have fulfilled even the most trivial criteria for defining them as authentic stem cells.  We know they’re there by virtue of the fact that they can divide and there are some properties, but the actual isolation of the cells from the adult tissues unfortunately are not yet available.  It’s a great area of investigation, but if you put it in that context, we know more about the purity of the embryonic stem cell and the definition of an embryonic stem cell than we do of any adult stem cell, other than the hemopoietic stem cell.


SENATOR ORTIZ:  Questions from the audience?


AUDIENCE:  How much money has been spent on the research of adult stem cells as compared to embryonic stem cells?


DR. GAGE:  Well, if we’re talking about specifically human embryonic stem cells, as I understand it currently, there’s no federal funds that have been actually allocated to individual laboratories for human embryonic stem cells.  There are private companies that are currently working on embryonic stem cells in their laboratories, but we’re not privileged to the information that they’re gaining.  So, we really don’t know the progress that they’re doing or what they’re doing in their laboratories currently.


As for research into adult stem cells, adult stem cell research is part of the traditional NIH funding regime, so there’s no barrier to good funding research in that area currently.  But there’s no funding, as I understand it, at all for NIH funding in the United States for human embryonic stem cells.


SENATOR ORTIZ:  Other questions from the audience?


I think in your presentation you highlighted it, but at the risk of being a bit redundant, can you tell me what specific findings and information have led the scientific community to believe that stem cell research has the great potential?


And I understand that most of these studies, or all at this point, have been animal studies, but they appear to be incredibly promising.  I saw the presentation of Dr. Keirstead at the Stanford hearing where we actually saw movement in mice.  But are there other specific examples that you could provide to us that actually suggest the ability to do beta cells in the liver or pancreas for diabetes?  I think you mentioned dopamine.


DR. GAGE:  Exactly.  Starting off with embryonic stem cells as the starting point, there is clear evidence in the experimental laboratory that these cells can differentiate into functioning cells of the nervous system, of the liver, of the heart, of the skin, and of the blood at a minimum.  That means that you have a single source of cell that can become these cells.  There’s evidence now that upon taking the cells from the dish and enriching them for one type of cell or another – let’s say a brain cell or a liver cell – that those cells then can be transplanted into experimental animals and evidence functional restoration by virtue of the cells that have actually been transplanted.


One example is in Parkinson’s disease where, starting with embryonic stem cells, they can be induced to become a cell that makes a chemical called dopamine, which is part of the cell that dies with Parkinson’s disease.  In experimental animals now, it’s very clear that those embryonic-derived stem cells can induce behavioral recovery in an experimental animal that already has the disease.


I think that is just one of the areas where scientists now clearly feel that this isn’t a theoretical approach.  The proof of principle is there.  The wonderful thing is that the tools exist in the laboratories currently for making these transitions.  What is not available are the human cells to work with.  And I should say also that much of the work has been done with animal embryonic stem cells, and that work becomes the proof of principle that it can happen, but you can’t use the animal cells for the human therapy.  You need the human cells.  There are differences, and we need to understand what those differences are between the human and animal cells.  You can’t make a direct transfer of that knowledge from mouse embryonic stem cells into human cells.  So, the sooner we can get these human cells into the hands, into the laboratories, of the experimenters that are quite advanced in the use of these cells, the sooner we can make these transitions into humans.


SENATOR ORTIZ:  This is actually helping me understand some of the applications.  If we’re able to make that transition to stem cell research, that is, without fear of going to prison or having appropriate processes of continuing this research, will most of these applications be in organogenesis or, I mean, the hope to actually build a new pancreas and have that transplanted?


DR. GAGE:  Currently, I think that the immediate applications of human embryonic stem cells will be in the use of individual cells for seeding as individual cells for replacing individual cells in the different organs.


A whole area of research that is open to us for the future, which will be completely closed off, by the way, is how do you take these individual cells and make organs?  That’s the future that we can’t even get to without having the cells in our hands.


SENATOR ORTIZ:  So, the hope is actually to introduce healthy stem cells to regenerate—


DR. GAGE:  Replace missing cells that have died or have degenerated as a result of either environmental effects or genetic effects, and the plan is to use these healthy cells as replacement cells.


SENATOR ORTIZ:  That helps for some of us here.


Are there other questions from the audience?


AUDIENCE:  What happened to the 64 or 71 or 61, whatever they are, number of lines?  Where do they stand in all of this?


DR. GAGE:  I think it’s important for us to understand what we mean when we say a “line.”  The terminology was described as stem cell lines.  Defining a cell scientifically as a stem cell has a fairly restricted definition, and that means that the cell is self-renewing.  That means the stem cell can give rise to itself forever and that when it does divide, it gives rise to cells that are different from itself in some way.  


If you remember my slide, the embryonic stem cells are derived from the blastocyst, and they’re harvested from the inner cell mass, where they’re put into a culture dish and attempted to grow.


Many of the cell lines, it turns out – punitive cell lines – are actually cells that have been extracted from the blastocyst and frozen down, but they haven’t yet been exposed to conditions to grow them up.  So, the actual number of cells that have been put through their paces to determine whether or not they have the ability to continue to divide and have the ability to become all the different cells of the organism in most cases have not been tested.  


There are a couple of lines, a few lines, that exist that do appear to have this pluripotent capacity, but they’re growing very slow, and they’re very variable in different individuals’ hands.  I think it’s a mistake to think of the fact that there are 64 characterized stem cell lines that are available for experimentation.  Many of the countries that were called about whether or not they had lines reported that they had cells frozen away, but many of those cells have not been tested as to their potency at all.


So, how many cells actually exist that are dividing we don’t know, but it’s quite a limited number; and whether or not those cells actually have stem cell properties is something else that we don’t know, but it’s clearly a very small number, if at all.


AUDIENCE:  Who owns all of these lines?


DR. GAGE:  Well, they belong to individuals.  Some of the lines belong to companies that hope to use them commercially for commercial purposes.  Some of them belong to foreign governments.  Some of them belong to government laboratories and/or private individuals who are looking for ways to sell them to other individuals.  


Currently, we do not have any standards for evaluating the human stem cells for their properties.  In fairness, there are several lines out there that look like they have these multipotent properties.  I think Hans is going to tell us a little bit about one of them.  So, we have hope, but we don’t have any standards to evaluate them against each other.


SENATOR ORTIZ:  There was another question in the back, but before we take the question, let me take a moment to introduce my friend and colleague, Assemblymember Howard Wayne, and invite him to say some introductory words if he so chooses.


ASSEMBLYMEMBER HOWARD WAYNE:  Thank you, Senator.  Actually, I want to welcome the Senator to the 78th Assembly District, but I don’t want to interrupt the presentation because it’s very important.


SENATOR ORTIZ:  I thank you for joining us.


There was a question in the back.


AUDIENCE:  I just wanted to ask you what sort of differentiation factors are being used currently, and how important is work on them to advancement of the stem cell research?


DR. GAGE:  I think that’s a very good point.  Let me restate the question, and tell me if I’m restating it accurately.


The embryonic stem cell is a pluripotent cell.  That means it hasn’t become anything else yet.  It’s undifferentiated, we say.  Really, the question is:  What do we know about the right kind of conditions that will tell that pluripotent cell to become a certain type of cell?  Are there standard methods for giving rise to brain cells or liver cells or kidney cells?  Do we know enough about that currently?  The fact is that we know something about this as it comes to mouse embryonic stem cells but very, very little, as it turns out, in human cells.  We’re using much of the same information we had with the mouse to the human cells, and it doesn’t transfer exactly.  


This is an enormous area that needs a lot of investigation, but in the absence of having enough cells in different laboratories trying different conditions, there, again, are no standards for this process to occur.  Probably one of the most important things for us to understand in this whole process experimentally is how do you take a pluripotent cell and enrich for a cell type that you then can transplant in?  And this is an area of investigation that can’t be pursued unless you have those cells in the laboratory.


AUDIENCE:  So, the ones we know, are they small molecules or are they proteins from various organisms?


DR. GAGE:  Most of the molecules that are used for differentiation of the cells – actually, I shouldn’t say most.  It really is split between what are called trophic factors, or differentiating factors, which are large proteins that interact through specific receptors on the surfaces of the cells, but there also are small molecules which initiate the activation in the cells in the same way as these growth factors but with somewhat less specificity than the growth factors.  So, it’s split between these molecules.  Examples of them would be a growth factor like brain-derived.  A neurotrophic factor has the capacity of driving these cells down a neuro lineage, and a small molecule like fluorescein or cyclic AMP can do the same thing but not quite exactly.  So, understanding the relationship between these two is also part of the challenge that we have for making a very focused and specified population of cells.


SENATOR ORTIZ:  Are there other questions from the audience?


Let me make a final point because it helps structure the debate that will occur on the other side in Assemblymember Wayne’s house as my bill moves forward.


Is it fair to say that the reproductive human cloning process as well as a nuclear transfer process are the same up to the point before implanting in a woman to carry a child for reproductive human cloning?  Is that the point that the process changes?  


DR. GAGE:  Yes.


SENATOR ORTIZ:  I think that’s very important to understand because my experience, in the discussion on the Senate side and in lots of correspondence and lots of phone calls, was, in fact, we ought not to move forward with therapeutic application of stem cell research because that will ultimately lead to, even if we have a ban in California, illegal reproductive cloning.  So, it’s the mad scientist theory that even though it would be banned, that ultimately it will occur if we pursue stem cell research application of nonreproductive human cloning.  That frames the issue and part of the ideological debate along with the representations by the opposition that, in fact, adult stem cells, one, are adequate, which I think you walked us through this discussion; and two, that we are going to create cancer as a result of pursuing stem cell research; and three, that we will ultimately create a human being – we will do cloning – if we, in fact, pursue science in this area.


So, those are the three issues that I’ve struggled with in the policy debate, and I think it’s important because I suspect Assemblymember Wayne will be helpful, if not key, to that discussion on the other side of the house that I can’t stand up on the Floor and have a discussion.  But that frames the biggest policy debate.  Certainly, there are the other issues when I’m visited by my bishop or my local priest.  Those are issues that we will simply disagree on, but I think the core of the debate about the science is the challenge for policymakers and legislators to come back and reeducate.


I don’t know if you want to say anything, Assemblymember Wayne?


ASSEMBLYMEMBER WAYNE:  Yes, very briefly.  As you know, Senator, I chair the Assembly Select Committee on Biotechnology, and we’re intent on retaining the lead we have in biotechnology and making sure that scientific advances can be pursued in California.  We’re going to be sensitive to the bioethical concerns.  We’re also going to be sensitive to the advances that science can make and that this type of research can lead to, and those are the balancing efforts that we have to make.


DR. GAGE:  Thank you.


SENATOR ORTIZ:  I thank all of you.  Assemblymember Wayne will be really critical, I think.  We might want to utilize your committee to have part of this discussion in the Legislature again.  You may be telling your story over and over again, but I think, unfortunately, that’s a story that has to be told as often as possible and probably more so in the Assembly where there’s less containment on the Floor when we have these debates.  But we’ve got a great ally and friend here.  We may call upon you to use your committee, in fact, to do some of this as well.


ASSEMBLYMEMBER WAYNE:  Clearly, we’ll look forward to advancing this discussion.


SENATOR ORTIZ:  Thank you.


The next speaker at this point is Professor/Dr. Lipton, who’s the director of the Center for Degenerative Disease at the Burnham Institute.  I welcome you and thank you.


DR. STUART A. LIPTON:  Thank you for asking me to come.


Dr. Gage is always a tough act to follow, but I actually want to make some of the same points he does in a slightly different way.  What I would like to do is, again, reemphasize the need for embryonic cells as opposed to adult cells, and I’ll give you some examples of this.  I’m also going to tell you about some animal work that we and our colleagues have done that I think shows the potential of, hopefully, where embryonic human cells can go.  Although, the work I’ll show you mirroring that is in mouse lines.


Just to orient you, we’re at the Salk Institute here, and I’m literally around the corner in the Center for Neuroscience and Aging, part of the Burnham Institute, and we have a lot of great colleagues in San Diego and also up the coast in Irvine that are hotbeds of working on this.  I came here a couple of years ago from Boston to start this Center for Neuroscience and Aging, and we’ve been working on basically two ways of trying to improve the human condition.  That is, protecting what we have, what we call “neuro protection” – protecting nerve cells – but I’m not going to talk about that today.  This is mostly drug therapy in which we’ve made some inroads.  And then, the subject of today’s talk:  replacing what we’ve lost; that is, trying to use stem cells to do that.


There’s a lot of diseases.  Rusty touched on some of them.  These are only some I’ve put up here because we also have many organizations that are national.  We don’t have many good drugs to treat these diseases.  I’m a practicing neurologist.  I see patients at UCSD.  Unfortunately, there’s only a handful of drugs, and none of them work very well.  Some of you are patients, and some of you are patients of mine actually, I notice, out in the audience.  We’re not very good at Parkinson’s disease.  We’re not very good at any of these diseases.  Alzheimer’s disease, in particular, there are 4 million cases.  It’s $100 billion a year.  Within ten years, it’s been costed out to be $1.2 trillion.  That’s the entire gross national product.  What are we going to do?  We can’t spend it on one disease, so we really are driven to looking at new therapies.


Let’s talk about replacing what we’ve lost.  As I said, we’re working on this, but I think they go hand-in-hand.  Certainly, we want to protect neurons, but we’re going to have to replace neurons in other cells in the brain and other tissues that we’ve lost.  That’s where stem cell research comes in, which is, in a sense, part of what we call “cell replacement therapies.”  We want to replace cells that have died either for genetic reasons or environmental reasons or toxic reasons.


We see this as divided into four kinds of steps.  We’ve got to isolate and propagate the stem cells, as Dr. Gage just outlined for you, and then we have to be able to program the cells in some way – in our case, to become brain cells – but if you wanted, to become pancreatic beta cells.  There are various growth factors, as Dr. Gage told you.  There are also other ways to do that, that I’ll touch upon in a minute.  We’re just, really, in the embryonic stage of the research in understanding the embryonic stem cells.


Another aspect of this is we’re trying to prolong the cells.  Many of the fetal transplants that have been done in Europe have shown this.  Few of the cells survive, so many scientists around the world, including our groups here in San Diego, are working very hard.  There’s a very big cell-death research here on North Torrey Pines Road.  In fact, there’s been a movement to change North Torrey Pines Road to Via Della Morte because there’s so much death research going on here.


We can harness that not only in cancer therapy – that is, to try to kill the cancer cells, but we think those are the pessimists; we’re the optimists – but we’re trying to harness that same machinery in protecting the cells and keeping them alive, and we think we can also keep cells alive using this machinery after transplantation.  I’m barely going to touch upon that today, but I wanted to paint in broad strokes here what’s going on.


Finally is the actual implantation and promoting the connections.  As Dr. Gage said, it’s very important to determine exactly what those transplanted cells are doing.  Are they making real connections?  Are they trophic factors; that is, helpful factors for other cells in the body that are only injured?  This work is only in its infancy.  


Now, we are producing, what we like to say, a “Manhattan Project” to do this.  What I need our legislators to do is to empower us with the cells so we can get all these people working on them.  Up to now, we’ve been working on murine, or mouse, cells.


UNIDENTIFIED:  And to prevent the disempowering.


DR. LIPTON:  Exactly.  We have neurosurgeons involved in this as well as scientists; some of whom I’ll mention as I go on here.


This was alluded to earlier.  Actually, one of the first two papers that said you could take cells from one system and convert them in another actually came from the Burnham Institute about a year-and-a-half ago.  The senior author was Scott McKercher.  This was taking blood or bone marrow derived cells and making them into brain.


You know, research is an ongoing process.  We’re constantly redefining this.  I think as Dr. Gage mentioned, these were interesting papers.  They deserved the attention of the public in order to determine whether this was correct or not.  But, at the end of the day, there were many remaining questions, and it’s really not clear if adult stem cells from one organ system, such as blood, can be coaxed into becoming other tissues, such as nerve cells.


Professor Gage mentioned to you the problem of cell fusion, which was totally unknown that that was a problem when those papers were published in Science a year-and-a-half ago.


So, this is really not known, and it’s early days.  What we do know is that it appears that the embryonic stem cells have the greatest potential to become different types of stem cells.  We would really be strapped, and I think unnecessarily so, if we couldn’t work on the cells with the most potential.


Now, you’ve heard that at the blastocyst stage, this inner cell mass has these cells.  We’ve been working on murine cells because we haven’t been able to get the human cells.  I want to show you a little bit of that work not because it’s far advanced, but just to tell you the direction where we’re going – many of the remaining questions – but also to emphasize, both as a clinician and as a scientist, the potential.


Here’s a point I really want to make.  I think this is an important point and a poignant point, no matter your theological or political convictions.  That is, IVF clinics freeze thousands of embryos that are subsequently not used and eventually will be discarded.  I won’t mention the particular clinic, but one of the clinics on the East Coast, where these data are available, freeze 2,600 embryos a year and use less than 200.  You can do the statistics.  Eventually, although they can last for years in the freezer, they’re discarded.  Certainly, we need informed consent in order to use those embryos, to harvest the stem cells in order to use them, but my question to you is, wouldn’t it be a great tragedy for society if we merely throw those embryos away?  That’s currently what’s being done.


Now, I said the next step was to try to program the cells to become brain cells.  Professor Gage was, I think, excessively modest here.  His group, probably foremost in the world, has started to do this.  He just had a paper in Nature last week, where they’re now starting to ferret out cells that can help embryonic cells to become different types of brain cells or other cells.  Certainly, there are various growth factors and neurotrophic factors, and Professor Gage mentioned some of them.


Now, what do those factors do?  They actually turn on a series of genes that are called “transcription factors.”  There are several, but I want to tell you about one that’s particularly of interest.  I mean, it’s particularly of interest to us because we actually cloned this gene a number of years ago.  It’s called NEF2, and I want to show you one or two slides how that works to give you an idea of where the research is going.


You have to know what a transcription factor is.  We’re going to lapse into science here.  You may not like it, so I’ll put the applause on the machine myself.  A transcription factor is a protein that moves into the cell nucleus, and it controls the DNA – that is, the genes – and allows for the control of that gene function.  It turns the gene on, okay?  And it’s actually very simple.  If this is the gene, or DNA, we want to turn it on and get a transcribing RNA.  The transcription factor comes down the I-5 – the gene – and sits here, and it turns the gene on.  You can tell the tires on this aren’t very good.  And it turns on the RNA.  So, it turns out that NEF2 particularly affects genes to make cells into nerve cells.


It also is interesting in that it affects genes that make cells into cardiac myocytes into heart, and my colleague, Eric Olsen, at University of Texas Southwestern, is looking at how to make heart cells while we’ve been looking, again, at murine embryonic stem cells on how to make neurons.  Under proper conditions – and I don’t have time to tell you all of them – but we transduce the cells with NEF2 – we have ways of getting them in – and they express many markers for neurons.  Now, whether these neurons are making the proper connections or they can be integrated, all of this is the remaining question.  This MAP2 is one market for neurons, but they express a whole series of neuronal markers.  This is just a higher power.


Although we’re in an infancy, we’re just starting to understand how to take stem cells, or stem-like cells, and make them into nerve cells.  Hopefully, there will be a repertoire of transcription factors that do this, and it will be true in all the different organ systems.


But there’s many remaining questions, and Dr. Gage referred to many of these.  How do we make different types of neurons for specific diseases, like the dopamine neuron for Parkinson’s disease?  How do we make specific types of glial cells?  Those are the cells that either support neurons or they cover the neurons; for example, in multiple sclerosis.  How do we make specific types for retinal cells?  There are many degenerative diseases of the eye, which also has neurons.  We could take it even beyond neurons.  How about other cell types?


A big remaining question is:  How do we program these cells into specific types of neuro cells or even other cells?  So, we start out with one cell, and we want to make the red, blue, and green, meaning different kinds of neurons.  We really need to study that.  We started to study it in mouse cells, but it may not be exactly the same in human.  I think it’ll be, hence, the same, but we need to study this in great detail.  It’s going to take a lot of lines to do that because, as you heard, some lines grow better than others.  Some lines may have mutations.  Some of those sixty-one lines may not be normal.  If it turns out the sixty-one lines are twelve lines and half of them have mutations and the other half don’t grow well, then we’re really strapped and limited in what we’ll be able to do.


I’ve taken you through some of the steps in a very cursory way.  What about implanting and promoting connections?  What are the targets?  We’ve heard about some of these.  They’re spinal cord and head injury – and Dr. Keirstead’s going to talk much more, I believe, about spinal cord injury, and I’ll talk a little bit about it in a minute – stroke, Alzheimer’s disease, ALS (or Lou Gehrig’s Disease), multiple sclerosis, Parkinson’s disease, and many others, and also the brain-oriented diseases.  You’ve gotten the idea, but there’s many other important diseases like diabetes and heart disease.  These are the big scourges of society; I mean, accidents alone out on our highways causing this.


I’m going to show you an example from a colleague – Evan Snyder – and this was just published in the proceedings of the National Academy of Sciences last week.  Evan, actually, will be joining us out here in San Diego.  Again, this work is at its infancy, but I want to show you in rats what can start to be done.  Evan induces a spinal cord lesion – Evan and his colleagues – and what he does is make a cut in the spinal cord.  This is looking at the spinal cord head on.  Then he places stem-like cells on a scaffold and plugs the gap.  These are high-powered pictures of this.  


If you haven’t seen these kind of movies, you may be put back, but it has an uplifting ending.  This is an animal that was injured but didn’t receive a stem cell transplant.  You can see one leg is better than the other, but you can see this left rear leg is very paralyzed.  This one’s moving a bit, and this is over a hundred days later.  The animal’s in no pain, as far as we can tell, and the animal is fed and well cared for.  I don’t want to give you the idea that he’s suffering.  But clearly, he has a hemiparesis from the spinal cord injury.


What you’ll see in a moment is an animal that received the scaffold of stem cells.  Admittedly, this is one of the best examples, but there were many examples.  It was published, as I said, last month.  The animal’s not normal, but it’s able to run again.


Now, these are rats.  These aren’t humans.  We have a long way to go before we can do this in humans, but I think it says the potential’s there.  But I want to tell you, we don’t even understand what we’re doing yet.  You can see when we take those spinal cords out, there’s a large lesion in the spinal cord in the control animal.  These scaffold of cells have filled in the gap, but we don’t even know how.  We just have some hints.  The nerve cells in that animal are here, and you can see the transplanted ones are in red.  There’s not that many.  In fact, we don’t know why we have improvement to function exactly.  There’s so many questions remaining.  When the stem cells are transplanted, do they become nerve cells to make the proper connections?  It’s electrical activity, and we electrophysiologists can monitor that, but it’s only in its infancy.  We don’t know if the proper connections are made in that model.


When the stem cells are transplanted, is it not the stem cells themselves, or are they secreting trophic factors that help the remaining nerve cells grow?  Hence, that also happens.  I think it’s early days; and again, these are on rodents.  There are ways of transplanting human cells into particular mice – mice that are immune, or they’re a particular mouse that won’t reject the human cells – and that’s where we need to go, to start working with the human cells.


There’s a lot of work that remains to be done, but also, there’s a lot of hope here.  That’s what I want to leave you with.  We feel there’s a very strong team approach in San Diego and in California in general.  I’m very glad I came here from the East Coast, because I think there’s a fantastic team approach.  Your scientists in California are poised to do this, and we want to work our hearts and heads out to do this.  We’re trying to assemble Manhattan Project, as I said, here in California to do this.  If we don’t pursue these lines of research, then I think we run the risk for not only societal but also commercial loss to California.  California is one of the leading biotech areas in the world.  It’s projected that San Diego will be the leading biotech area in the world, if we’re not hampered by legislation or other reasons.


I want to leave you with that uplifting thought that there’s a lot of potential here, but there’s so much more work that remains to be done, especially on the human side.


Thank you very much for your attention.


SENATOR ORTIZ:  Dr. Lipton, thank you so much.


I think because we are actually running behind, I’m going to ask whether we can hold questions until after we catch up with time a bit and maybe at least allow an opportunity to ask questions then.  Well, let’s take two quick questions.  If there are burning questions from the audience on this presentation, then I’m happy to take those.


Okay, I appreciate that.  Let’s go ahead.


The next speaker is Professor Hans Keirstead.  I’ve had the opportunity to see this presentation at Stanford, which was incredible, so I thank you for coming down.  Well, actually, you’re down here in Irvine.  You’re near here.  Once again, for those of you who haven’t seen Dr. Keirstead’s work, you will be quite impressed.


DR. HANS KEIRSTEAD:  Thank you very much.


Let me begin by saying that I applaud the efforts of Senator Ortiz and Assemblyman Wayne and my colleagues on the panel for bringing this issue to the fore.  It’s incredibly important to me as a scientist, and I think ethically as well, that this legislation be handled correctly.


I’m pleased to be here to have the opportunity to be part of such an esteemed panel, but also, because I have quite a fun story to tell you.  I’m very privileged in that I’m one of the few people that have human embryonic stem cells in order to research.  As my colleagues pointed out, they’re not readily available.  I’m very pleased to have the intellectual and financial support of Geron Corporation, who’s provided me with their human embryonic stem cell lines.  These are the federally approved lines.  I’ve been able to play with these things for a little while, and I’d like to tell you what I’ve been doing with them.  Keep in mind that I’ve had these things for eight months.  I’m not a senior scientist, and my background is in spinal cord injury and repair, not stem cells, and I’ve had these cells for eight months.  I want to point that out not by saying how terrific my lab has been, but rather, to underscore the point that research could be so much more accelerated if these were more widely available and if more lines were available.


The real premise of my talk basically sits on these two truths:  The central nervous system indeed does have a capacity to repair.  That’s a wonderful thing; otherwise, none of us would be talking today.  There is the inherent capacity to regenerate within the CNS, except that there are blockers in there and a deficiency of promoters.  In addition, something else that has come along quite recently is the fact that the central nervous system – the brain and spinal cord – has no real particular preference for any physical configuration as long as functionality can be preserved.  That’s a wonderful thing.  


There’s some work going on up in Reggie Edgerton’s lab and a few other places that have shown that you can actually get a whole bunch of plasticity happening after an injury that does actually contribute to functional benefit.  That’s a wonderful thing when you think about how transplantation therapies might actually occur.


Here’s a spinal cord injury, and I put this up here to show you a couple of things.  Firstly, here was the hit on a human spinal cord injury.  That’s the site of the impact.  There’s two things I would like you to take away from this slide.  One is, that’s a very big lesion.  It’s very big.  We’re going to require a lot of tissue in order to fill in that cavity.  Secondly, the original hit was here, but here we have degeneration that extends towards the feet and the head, over a great long distance.  So, there’s an expansion of the lesion as well.  That underscores the need to fill them in, and that really is the basis for cell transplantation therapy.


I’ll show you one little bit of background here that was alluded to earlier, in that mature cells divide rather slowly, and they also change their identity as they divide.  A mature cell has less of a capacity to faithfully reproduce itself exactly.  The younger cells of your central nervous system and everywhere in your body actually divide very rapidly, and they do not change their identity.  This is the reason why we can take a cell and generate a pint glass of it in very short order.  It takes a young cell in order to do that, and we need that pint glass of cells because human injury is quite large.


The other thing that young cells do better is spread.  The transplantation field, in my view – I’m generalizing here – hit a bit of a roadblock a while ago in that we could transplant cells into contusion injuries – this is a site of an injury in a spinal cord, and here’s the spinal cord – we could transplant cells into there, and axons that come from the head or from the legs below the injury, sites below the injury, grow into that environment; but it’s such a nice environment, nothing wants to leave.  The axons grow.  The wires of the central nervous system reconnect and grow into the graph because it’s so nice, but they don’t leave and enter this region.  Younger cells have a capacity to spread from the site of transplantation.  


There’s only a couple of cell types that we know of that actually have the capacity to do this.  We’ve shown that younger derivatives of human embryonic stem cells actually do have this capacity to spread after transplant.  Even though we’ve put them in here, they can actually spread; therefore, in the yellow here, the axons will come into the transplant, but they can also follow them out.  That’s very important if we want to knit what is above with what is below.  That really underscores the importance of why to use human embryonic stem cells:  they’re very young cells.  


I won’t run through this in any detail, but we get our stem cells from Geron Corporation.  They get them from this in vitro fertilization paradigm that was discussed earlier, where the inner cell mass is taken out and cultured.


The first step in determining whether these cells are going to be useful is driving them to become the tissue type that we require.  That’s no small trick.  We have a lot of experience in doing this with rodent stem cells.  In fact, there’s a good twenty years of research.  There are some very esteemed scientists all over the world that have taught us how to drive a rodent stem cell to become different cell types.  I’ve replicated and made some advances in my laboratory, taking these little clusters of stem cells out of rodents, and here’s a cluster of about 150 cells that I grew up in a little cluster, and then I expand these clusters into many clusters for transplantation.  If we actually let them differentiate, we can drive them to become particular cell populations.  In fact, we’ve developed the means of getting a hundred percent glial cells.  That’s one category of brain cell types of astrocytes and oligodendrocytes, using the rodent technology.


We’ve recently been applying that to the human cells, trying to take these pluripotential human embryonic stem cells and driving them to become a particular fate.  The fate that I would like to have them become is an oligodendrocyte.  Oligodendrocytes are a particular type of brain cell that are very supportive of regeneration.  They wrap axons – the wires of your central nervous system – and provide an insulating sheath much like an insulator on an electrical wire.  That’s repair.  They also secrete things that axons – the wires of the central nervous system – like to grow across.  They form, in my mind, a double function.  They’re a very attractive cell type for regenerative therapies.


I’ve applied the tricks, and I’ve been experimenting with these things over the last eight months and have been able to grow the clusters up and drive them to become a homogeneous cell population and get a whole bunch of these oligodendrocytes.  What you see in brown here is something specific for an oligodendrocyte.  If I had a little bit more clarity, you’d see these big myelin sheaths that are very typical of this cell type.  We’ve been able to drive the cells to become what we want them to become; not only brain but a subtype of brain.  That’s very, very important for usefulness.


Now, can we actually use them in vivo to heal trauma or disease?  I’m going to talk about the transplantation work we’ve done with both the rodent and the human cellular derivatives and look at two different models here.  I’d like to be able to repair the central nervous system after injury, but the way that the CNS responds to injury has a lot of similar features.  The way it responds to multiple sclerosis or traumatic spinal cord injury has many, many similar features, so I like to look at both MS and spinal cord injury and study the way that the central nervous system responds to cells after they’ve been transplanted.  


I’m going to show you a couple of slides on some work that we have done by transplanting stem cells – these are glial-committed or oligodendrocyte-committed cells – into a model of multiple sclerosis.  Multiple sclerosis is typified by a loss of this insulator.  This insulating sheath of myelin along the wires of the CNS – the axons – is stripped in multiple sclerosis.  This is an MS model.  It’s called the MHV model, where you have a bunch of very naked axons, and I’ll show you what myelinated axons look like in a minute.  But this looks like an MS lesion in humans where you have quite a selective loss of myelin and then a whole bunch of tissue degradation.  


This is a wonderful paradigm to transplant a cell line that has been committed to an oligodendrocyte lineage.  What we’re transplanting into is this environment, and what we get is this.  So, we transplant a cell population that can form that central nervous system myelin, and here the axons, or wires, of the CNS are coming out of the page, and those thin black lines are the myelin wraps around them.  We have a lot of oligodendrocytes that have found their way into the central nervous system, after the transplant of course, and you’ll notice a couple of things.  Firstly, the tissue, after transplantation, is knit together quite well.  You don’t have a lot of holes and garbage or inflammatory cell types in there.  It’s a lot more quiescent, or quiet.  In addition to that, you have wraps of myelin, and if you look at it under a little bit higher magnification, you can see that not all of the axons are myelinated, but a great proportion of them are.  In fact, it turns out that about 80 percent of the axons actually do become remyelinated.


So, here we have functional repair:  the production of myelin, or the insulator around an axon, following loss of that insulator, which is the hallmark of multiple sclerosis.  The animals do quite well.  In this model, if you measure their locomotor ability, one is normal locomotion.  And this is a clinical score.  Five is actually death.  Actually, four.  Sorry.  Four is death on the scale.  As the animals progress with this model of multiple sclerosis, they become sick, lose their ability to locomote; they demyelinate, develop the lesions, and eventually they die.  If we transplant the cells right about here, the animals that are transplanted begin to level off, and two things happen.  I just showed you previously that their central nervous systems start to knit together quite a bit better, and they actually repair their myelin – or a good percentage of it – but most importantly, the animals get a little bit better.  They actually plateau about here.  They get a little bit better, but they don’t die.  That’s a not insignificant finding following the transplantation of these cell types.


We’re very excited about this.  It underscores the importance of these cells for model-like multiple sclerosis, in that we’ve got a preservation of tissue and a restoration of tissue, and not only a little bit of improvement of function here, but to actually, in this very severe model that we use, some survival.


On to spinal cord injury here, we’ve also been transplanting them into contusion injuries.  We use the contusion injury because it models the greatest percentage of human injuries, which is a blunt trauma like car accidents, sporting accidents, etc.  We’ve also done it with laceration-type injuries as well, and we see similar findings.  But I’ll just show you the contusion injuries, as it models the greatest percentage of human trauma.  


What we’ve done is we’ve transplanted human stem cell derivatives into rats.  This is human cells into rats.  This video shows you what the animals look like.  We use a moderate contusion injury so that the animal can actually move around a little bit.  You can see that the legs can move just slightly, but there’s two things to note here.  One is that the animal cannot support its weight, and the other is that the tail is down.  The injury was up here, and therefore, everything below the injury no longer has innervation from the brain – or, sorry, it’s decreased.  So, the back muscles have less control; therefore, the tail is down.  In addition, (Side 4) there’s less innervation of the muscles down here, so you see a very typical picture here of a lame rat.  That’s about nine weeks after injury.


If we take these same animals and one week after injury transplant human embryonic stem cells into them, this is what we see eight weeks later.  Eight weeks is a very short period of time.  The animal is not perfect, but you can see it’s clearly weight supporting – here it stands, actually – and its tail is up.  Again, a remarkable degree of recovery here.  And again, these are human cells into a rodent.  


This classifies as what you’d call pre-clinical research.  It’s what the FDA requires.  Before you put human cells into humans, you have to put the human cells into rodents.  We’ve done this dozens and dozens of times now, and we feel that we have good preliminary data, but I want to underscore that.  This is preliminary data.  We’ve only had the animals for a little while.  We’ve only been able to run it a couple of times, and so we’ve got to repeat it.  Very importantly, scientists in other laboratories completely independently have to repeat these studies before we would consider them bona fide and valid.  However, what I wanted to show you here in these videos and in this presentation is it looks very hopeful.  Our preliminary results show that these things seem to be causing a functional repair of the animals.  And we’re now slicing and dicing in order to find out exactly what’s responsible for that degree of repair.


On my last slide, I’d like to summarize this.  What is the promise for stem cells for spinal cord repair?  And you could substitute this with any other degenerative disease.  They can be amplified without mutation or maturation.  It’s very important to realize that they do not self-assemble into babies.  These things are a way of generating a pint glass of cells from a single cell.  We can amplify.  We need bulk tissue for transplantation therapies, and that’s what they do very well because they don’t mature and they don’t mutate unless we drive them to mature.


They can also be directed in their root of maturation, and the world is being aided by twenty or thirty years of working with rodent cells.  It’s extremely important that the rodent research puts the fuel into this.  As I said in Stanford, this is an important thing for the Senators to consider in the time of their term in office.  We will actually be able to do a great deal of work in a very short period of time using these human embryonic stem cells because we have a couple of decades of rodent research to work on.  Our preliminary evidence shows that they actually do work, and they do improve function after injury.


It’s very important to note for the current legislation being reviewed that stem cell lines vary.  We’ve worked with a couple now, and we don’t see exactly the same results in both.  It’s important to note that.  I think out of the sixty-four that are said to be available, there’s about seven that we can actually get our hands on.  It’s important to consider the fact of do we actually have the right seven?  Is the right cell the best cell in there?  We don’t know that.  That’s why therapeutic cloning should be allowed.  It’s a way of generating more cells, and it also has some advantages, in that the patient receiving the treatment would receive a transplant with its own genetic makeup.  Therefore, its chances of rejecting would be a lot less.  There’s some real advantages there.


Lastly, I don’t want to get into this in any detail, but I want to underscore again the economic impact on industry and government is profound if the ban on cloning were allowed.  This will be the only first world nation that cannot develop a burgeoning biotech industry – what a shame – let alone the burden on the government expense of caring for all these injured and diseased people.  It’s a staggering number, and I’d like to underscore the economic impact is terrific to this, let alone the ethical and scientific impact.


Regeneration – repair of the nervous system – is largely a recapitulation of development.  These are some of the youngest cells on the planet.  They’re wonderful tools for research, and just because of this dogma in science, it makes a heck of a lot of sense to begin working with these things.


Thank you very much.


SENATOR ORTIZ:  Thank you so much for that.


Since we are running behind time, I’m going to ask that we hold off on the questions unless there’s some really burning one or two questions.


Assemblymember Wayne?


ASSEMBLYMEMBER WAYNE:  Let me ask one.  


You’ve emphasized the importance of young cells.  We’re talking about currently a number of lines of stem cells being available.  Will those stem cell lines age, or mature, to become less usable than they are now?


DR. KEIRSTEAD:  No.  We have a few years probably of being able to propagate these things.  We do know that we can take human embryonic stem cell lines and propagate them for two years now without any mutations whatsoever.  That’s called “karyotypic stability.”  When we look at the DNA structure of those cells, they don’t seem to be decaying or mutating.  That’s a very good sign.


However, theoretically they should drift, this genetic drift, over time.  Eventually, it’s very likely these cell lines will simply run out – they will peter out – again underscoring the need for more lines.


SENATOR ORTIZ:  Thank you, Dr. Keirstead.  I do appreciate that.


The next speaker is Professor Larry Goldstein.  Welcome.


DR. LARRY GOLDSTEIN:  I want to thank Senator Ortiz and Assemblyman Wayne for their leadership on this important issue and particularly for filing the bills that you have.  I think they’ll make a big difference to California in the coming years.


What I want to discuss—  

[microphone adjustments]


SENATOR ORTIZ:  As they’re taking care of that, let me take a moment to recognize staff we have here:  Meghan Quinlan, from Senator Alpert’s office, has been here all morning; Mark Turok, from Assemblymember Zettel’s office, is here; as well as Oanh Ho, from Senator Vasconcellos’ office.  I want to recognize the other offices that are here today.


DR. GOLDSTEIN:  And I want to thank you all for your time and attention.  This is an important issue.


What I want to discuss in the next few minutes are three sets of ideas that inform how California might stimulate the development of this new field called regenerative medicine.  What I first want to do is talk very briefly about a recent experiment done in my lab that informs me and other scientists about why we think embryonic stem cells have the kinds of potentials that we keep discussing.  It’s an example of a kind of experiment that’s done routinely in labs around the nation, and the particular example I’ll show you is with animal models of ALS, or Lou Gehrig’s Disease.


Second, I want to talk about why is public funding and involvement so critical?  I’ll touch on the issue of why and what research ought to be funded by the public.


And finally, I’ll touch a little bit on this question of are there research procedures that should be illegal, and how do we determine that as a society?


First, let’s start with Lou Gehrig’s Disease.  Just to remind you, Lou Gehrig’s Disease, also called amyotrophic lateral sclerosis, or ALS, is a late-onset, progressive neurodegenerative disease.  Simply put, what happens in Lou Gehrig’s Disease is that the motor neurons – the neurons in the spinal cord that tell the muscles what to do – those cells die, and as they die, people who have this disease progressively lose the ability to move their leg muscles, their arm muscles, and then ultimately the muscles that control breathing, and then they die.  It is virtually, invariably fatal.  Happily or unhappily, depending on your point of view, we know that in humans there are some heredity causes of ALS, and that’s been tremendously important to understanding the disease, and one such cause are mutations that are so-called SOD mutations.


Now, the thing that is useful about knowing that there are SOD mutations that cause ALS in humans is that it is then possible to make mice that have those same kinds of mutations.  Those mice that carry human SOD mutations actually develop a disease that looks very much like ALS, and that’s shown down here, where you can see a typical nonmutant animal with its hind legs curled under it – that’s the way a mouse normally stands – and here’s an example of a mouse made in my colleague Don Cleveland’s lab that has a hereditary ALS.  You can see that his backend is a little bit atrophied.  He’s starting to lose control of his back legs.  Inevitably, this mouse will die.


Now, the experiment I’ll show you is a basic science experiment.  It was designed to ask a very simple question which ultimately is important for thinking about stem cell therapy for ALS.  The question was simply, if you have normal motor neurons, do those motor neurons get sick when they’re surrounded by mutant ALS cells?  Or, conversely, if you take mutant ALS neurons, are they protected from death if they’re surrounded by normal, or wild-type, cells?  So, what you’d like to be able to do is to make animals – mice – that are a mixture of normal and mutant cells so that you could ask:  Do the normal cells have the capacity to protect the mutant cells from dying?


The experiment is one that was done, with my colleague Don Cleveland, by Albie Clemont and Liz Roberts, who have been working with us.  The experiment is one that you would never actually do in humans because it uses a particular embryological trick to do it, but it illustrates an important set of principles that we’ll come to in a moment.  The way one makes these mice that are a mixture of mutant and normal cells is shown here.  One can start with a mouse blastocyst and if that mouse blastocyst is implanted into a normal female mouse, you’ll get a mouse derived from that blastocyst.  Of course, if that blastocyst is an ALS mutant, that mouse will develop ALS as it gets older.


Now, we can take embryonic stem cells that have been growing in culture and that are marked so that we can distinguish them from these mutant cells, and using a set of technologies that have been developed in the mouse over the past two decades, we can take ALS mutant blastocysts and then inject into those blastocysts these normal embryonic stem cells – mouse embryonic stem cells in this case – so that the blastocyst now has a mixture of ALS mutant cells and wild-type cells (normal cells).  Ultimately, you can implant that and then get a mouse which is a mixture of mutant and normal cells and then ask:  Will the normal cells protect the mutant cells from dying?  The answer is really pretty striking.


Here’s an example of a mouse that’s in the early phases of ALS, and there are two things that I want you to notice.  One is it’s moving very slowly.  Its coat color is black in this case.  As you can see, it’s uniform.  It doesn’t exhibit many of the normal mouse behaviors like trying to escape from its cage, and when you pick it up, you’ll see that the hind limbs don’t extend, which is a fairly normal reflex; and, as I say, eventually this mouse will develop full paralysis and die.


Here’s a mouse that’s a mixture of normal and mutant cells.  You’ll notice that the coat is patchy.  It’s got black and brown regions.  That’s because it’s derived from two different kinds of cells.  You’ll see it’s trying to escape.  It’s running around like crazy.  Of course, when you lift it up, it has a fairly normal extension reflex.  In the past couple of years, we’ve now made a number of mice that are a mixture of normal and mutant cells like this, and we can see very clearly that mutant neurons surrounded by wild-type cells, those mutant neurons will live much longer than normal.  In fact, these mice have their lives extended a great deal.


Now, there are two points that I want to draw from this experiment, and a disclaimer.  The disclaimer, of course, is that this is not an example of how you would treat human ALS because we can’t inject normal cells into the human blastocyst and get them to come to term.  But it does tell us that the mutant cells, if you can get wild-type cells in there with them, that is protective and could potentially extend the life of those cells and potentially extend the life of such patients.  It’s a proof of principle in a sense.  


Now, we don’t yet know how to do the surgical introduction of such cells or even precisely which type of cell we’re trying to get, and that’s a subject of further experiments that we’re trying to do in the coming year.


The second point that I want to make from this slide is something that’s been lost in much of the debate about embryonic stem cells and their properties.  This method of making mice that are a mixture of embryonic stem cells and a normal blastocyst is the kind of experiment that’s been done for more than twenty years that tells us what the properties of embryonic stem cells are.  It is a routine experiment.  It is done on a daily basis in my lab and Rusty’s lab and a lot of other labs around the Salk and around the world.  So, when we say we know what the capacity of embryonic stem cells are, that they can make every adult tissue, that’s not a controversial point.  In fact, it’s old news.  We’ve known it for more than two decades.


That brings out two scientific issues that I want to touch on.  First, in thinking about the adult versus embryonic stem cell debate, as I just mentioned, the capabilities of the embryonic stem cells are quite well established, while there remains quite substantial scientific debate, as you heard from Doctors Gage and Lipton, about the capacity of adult stem cells.  Now, that’s not to say that there’s not a lot of wonderful research to be done with adult stem cells.  There’s some very interesting findings that have recently been published about such cells, but it’s still a research project.  It’s not the sort of thing that you’d base public policy on.  


Of course, that brings me to my second point, which is that I’d actually argue that the standard of proof for generating public policy, particularly restrictive public policy – if we’re going to make laws that restrict the ability of science to do certain things – that the standard of evidence should actually be higher than that that we use for reporting in the media, certainly, or in the scientific literature, where we know that one paper does not necessarily establish scientific fact or principle.  We need multiple examples of independent reproducibility, and that should be the standard that we’re going to use if we’re going to enact restrictive legislation.


Let me switch gears.  Why do I think publicly funded research with human cells is essential?  Really, there are policy issues and scientific issues about this.  The policy issues are, first of all, if you want ethical conduct, you want sunshine and public involvement.  Public funding brings with it public oversight and public involvement in the process of the debate, and I’d actually argue that some of the controversy we’ve had has been very good for illuminating what the issues are and forgetting the public involvement in the debate about what we should and should not do.


Second, I want to point out that opponents of embryonic stem cell research will sometimes make the argument that we don’t need to involve public funds because there’s so much money in the private sector to do this kind of research.  That’s not true in this area.  There are very significant financial and business limits in the private sector that will limit how much research and how rapidly that kind of research can be done with private funds alone.


Finally, I’d like to argue, perhaps immodestly, that a number of our best scientists are in public institutions around the country, and they use public funds in their research.  We would like to energize that community of scientists to make progress on these issues.


Now, the scientific issues, of course, are that we need basic research on stem cells as well as applied research.  Academics tend to be quite good at basic research.  Companies tend to be quite good at applied research.  As has been pointed out repeatedly, human and animal cells may well not behave exactly the same.  Of course, the good thing then about ultimately doing some of the research work with human cells themselves, rather than just relying solely on animals, is that research and development can potentially be combined.  So, if you’re interested in treating disease, which we all are, things can move much faster than if you’re trying to do things sequentially.


Of course, you know what the President’s plan has been for proceeding in this area.  There will be federal funds used but with a number of limits; of course, this quirky limit of only being able to use lines whose derivation commenced prior to August 9, 2001.  The good things about the President’s plan are that publicly funded research can finally start seventy lines.  If there are seventy lines, it may be a lot for research purposes; and, of course, on August 9th, that was all there was.  So, the President gave us everything that was out there.  That was a good thing.


The unanswered questions – although, some of these answers are starting to pour in, unfortunately – are all the lines of sufficient quality to support rigorous research, and are they all really lines?  The answer is starting to look as though it may be “no.”  Are they all practically available?  Well, that’s becoming quite clear.  Most of them do not look like they’re going to be practically available.  They might in theory be available, but we don’t seem to be getting them.  Will seventy lines support all the therapeutic application we want to do?  There are a number of questions about how the lines were grown, what their longevity is, and are they genetically diverse enough to treat an entire population of people with disease?  And I think the answer is clearly that they’re not going to support all the therapeutic application.  They may be fine for research purposes initially.


Finally, if on August 10, 2001 somebody developed the best stem cell line ever for treating a particular disease, of course, we would not be able to use federal funds to support the clinical trials that would need to be done with such lines, and I think that would be a bad thing.


Now, just to emphasize the issue about availability, you’ll see a number of these lines are in private companies and in other countries.  It really has complicated trying to get these things.


Finally, I want to address the question that really is at the heart of the hearing and legislation, which is this question of where should we, as a society, draw the line in this area of nuclear transplantation?  Just to reiterate what Dr. Gage said, nuclear transplantation happens when a somatic cell nucleus is put into an oocyte and then developed to a blastocyst.  Of course, that blastocyst can be used to make pluripotent embryonic stem cells or it could, in principle, be used to generate an adult.  I think there’s widespread social agreement that this step should not be done for a lot of reasons that have been touched on today, and of course, the enlightened California and Feinstein approach is to restrict that act that we all agree should not be done.  As you know, there is a threat to the ability to do this step, which is to make cells for therapeutics; and, of course, that is what the Weldon and Brownback bills would restrict, under the argument that you must stop this in order to be sure that you’ve stopped this or perhaps that these are people.  Not everybody agrees with that, of course.


So, ultimately, the arguments in play are what is the ethical and legal status of the human blastocyst and the product of nuclear transplant?  I think there’s a broad range of opinion in our society about those issues.  Another argument has been the slippery slope that’s been addressed a little bit today.  The argument goes:  If we have a blastocyst derived by nuclear transplant, we will be unable to refrain from implanting them into women.  I find that argument a little odd.  It seems to me we should restrict that which we agree on as a society should not be done.  We are a free society, and other things should be left alone, by and large.


There are benefits and risks to be assessed, and we can talk about that.  We’ve talked a bit about the importation provisions.


Finally, I’ll just argue that, again, restrictive legislation should not be imposed in the absence of consensus.   While there is a consensus that we do not want to clone adult humans and therefore we should proceed with restrictive legislation, there is no such agreement about cloning cell lines for treating disease.  If anything, most people, in my experience, think that that’s a good thing.  It’s shocking to me that the government would come in and criminalize an act in the absence of any real social need or social consensus on that issue.


Final issue:  How can California stimulate stem cell research?  I’ll just make a couple of recommendations.  First, of course, is to pass the series of bills that Senator Ortiz has written and that, hopefully, Assemblyman Wayne will guide through the Assembly.  Those would be very good starts for California and a very good model for the nation as to how to proceed reasonably.  


The second is that in the absence of what I would view as rational federal involvement at the moment, I would suggest that if California can find a way to provide small amounts of targeted funding for derivation research and nuclear transfer research, this can help free things up in the California industry and in the California research community.  In addition, what’s going to become critical is funding for research with stem cell lines that are not eligible for federal funding.  There are a number of investigators around the country that are using private funds to develop new lines, and it would be a shame if Californians could not do research with these lines because of the ineligibility for federal funding that will surely come with them, at least in the next few years.


Finally, and something that won’t necessarily cost money, or as much money, given the difficult state of the economy at the moment, California should look at how to go about building research facilities that have at least some degree of fiscal isolation from federal funds.  There’s often a problem in public institutions that federal funds and local funds are intermixed when facilities are constructed, and that makes it hard to then bring private money in and do research with lines that are not eligible for use with federal funds.  We could use some help in untangling the accounting streams in our public institutions.  


Finally, I’d like to stress that California should continue in its leadership role in trying to preserve the capacity of our scientists to pursue essential and ethical medical research.


Thank you.


SENATOR ORTIZ:  Thank you so much for framing, I think, the debate that I’ve been having with some of my colleagues about what are the next steps.  Obviously, we have looked to you for some of the parameters and the outline of how we might develop that policy in California.  I do appreciate that because I think it’s very, very helpful to begin to say, if we are to do it now or in four years or after I’m gone, what might that outline be?


DR. GOLDSTEIN:  Hopefully, you won’t be gone soon.


SENATOR ORTIZ:  I think I’ll make it through November, and then I’m safe for four years.


Assemblymember Wayne?


ASSEMBLYMEMBER WAYNE:  While this has been going on, Senator Ortiz and I have been doing some planning of how to guide this through the Assembly and discussing some possible approaches, and we’re going to have to discuss that further as to what’s going to be the best way to do it.  I’ve been thinking about a legal issue, which is, is an Executive Order by the President adequate to ban or to limit research to these lines?  Or would it take something broader than that to do it?


DR. GOLDSTEIN:  I’m not a lawyer – I’m a scientist – but my understanding of the legal issue, from consulting my colleagues, is that it has to do with can monies that are ultimately allocated by the Administration through the National Institutes of Health, which is a branch of the Administration ultimately through its affiliation with HHS, can they use funds to support research in this area?  Our understanding is that the Executive Branch can, in fact, put riders on grants that are made that you may or may not do this, that, or the other thing.  So, they may be on sound legal ground for the use of federal funds but not for private.


ASSEMBLYMEMBER WAYNE:  Or for state, clearly.


DR. GOLDSTEIN:  Clearly not for state.  I think that’s right.


ASSEMBLYMEMBER WAYNE:  I’m not so sure what the reach of an Executive Order is; not that we’re going to get that far right now, but usually it’s that there’s no line item veto at the federal level.  If Congress were to pass an appropriation for this type of research, the President could not line item it out.


Anyway, that’s for future years.  


I, unfortunately, have another obligation, another event, to attend.  It’s going to be at the Sidney Kimmel Cancer Center.  I was supposed to be there twenty minutes ago.  This has been fascinating.


DR. GOLDSTEIN:  Thank you for your time, Assemblyman.


SENATOR ORTIZ:  Thank you, Assemblymember Wayne.


Our final speaker is Dr. Gollaher.  Let me thank him ahead of time for being so cooperative throughout this process.  I think if there’s any one person that’s been key, it’s been Dr. Gollaher.


Without further adieu, let me allow you to go into your presentation.


DR. DAVID GOLLAHER:  I’d like to make a few comments about political context.  Everything else has been about science, and I think it’s now uncontroversial that this is not just exciting science but perhaps the most promising area of human life sciences that we’ve had in decades, perhaps since recombinant DNA.  The context for this work is cultural and political, and I want to make a few comments through my little slide show here with respect to that context.  


I was reminded of a comment that the writer C.P. Snow made back in a famous book in 1959 called The Two Cultures, in which he said, “Literary intellectuals at one pole – at the other scientists…Between the two a gulf of mutual incomprehension.”  I think the thing is that it’s not literary intellectuals in our day and age, but rather, an uneasy and frightened element within our own culture and political culture, and we have to talk about that a little bit.


We also have to acknowledge that much of the opposition is rooted in a set of particular religious world views, and we need to recognize those for what they are.  We also need to recognize that historically religion has not been the handmaiden of science and scientific progress, by and large.  As I’ll say in a couple of minutes, religion has had a particularly hard time dealing with sexual and reproductive issues, whether it’s contraception, etc.


Now, on the left is someone you all know – Galileo.  On the right is Pope Paul the Fifth, who’s not much remembered, except in his role in the Inquisition and the containment, if you will, of Galileo’s astronomical ideas.  It’s worth noting that the ideas, I suppose, were slowed down a bit, but in the larger scheme of things, they weren’t stopped.  And so, the truth is that the more scientific, more accurate worldview does, in the end, tend to triumph.


You can make a list, which I’ve made a very short list, of medical breakthroughs that faced opposition when they were new, and the list, in fact, could be much longer.  Vaccination, when it was new in the 18th century, faced religious opposition.  Blood transfusions are still repugnant to some religious traditions.  Organ transplantation required the scientific and medical community, back in the late 1960s, to redefine death.  I mean, death, before that time, was the cessation of a beating heart, and we had to redefine death as brain death in order to allow for heart transplantation and transplantation of other organs.  And, of course, twenty to twenty-five years ago the recombinant DNA revolution raised a set of questions and concerns and cause for legislation that are starkly reminiscent of what we’re seeing today.  I could say the same thing about in vitro fertilization.  Of course, there are thousands and thousands of children now grown up who are the product of that technology.


The problem is, in part, that we’re dealing with myths.  It’s not an accident that when we think of mad scientists we don’t think of real people, but we think of Frankenstein’s monster, and we think of Dr. Strangelove.  It’s important to remind people that these are characters in movies, that they’re fictions, and that they are not, in fact, running around today.


Nonetheless, much of what one hears in Congress and on the floor of the state and federal legislatures refers to these myths.  Dr. Dave Weldon, in introducing his cloning ban, which is really the precursor to the Brownback bill in the Senate now, relied, in part, on this mythical idea that scientists would be rogues, that the science would run away from us in ways that would change the world and make it worse, not better.  


This is Senator Brownback.  I think it’s very hard for people who haven’t been directly involved in the debate to understand the intensity – well, the religious fervor – that animates someone like Senator Brownback, who feels, I think, that he was made for this moment; that he was called to this work.  I think one gets a sense of this in the Christmas card picture that he sends out – that he has a view of the world that he thinks is worth everything to protect – and we have to take that very seriously.


Where we are in the Senate, and I think everyone in this room now knows this, is moving toward a vote; although, it’s unclear whether the vote that Senator Daschle promised on the cloning legislation that’s in the Senate will be a vote on cloture, which takes sixty votes, or will it actually be a vote on the Brownback legislation.  That should become clear within the next couple of weeks.


Meanwhile, of course, the President’s Bioethics committee thinks deep thoughts.  It’s kind of odd, though, to have a commission to make recommendations when you already know the answer, because the President has made his own views on this quite clear at the White House most recently.  You could have said, I suppose, a year-and-a-half ago that his views were evolving, that they were gestating, but I think now we all know where he stands.  Whatever the Bioethics Commission may suggest would be a reflection of that and probably not something that would create any nuance or difference.


Dr. Frist, for his part, in open meetings has been reluctant to address particularly the more onerous provisions of the Brownback legislation.  We were talking earlier, for example, about the provision that would prohibit any importation of products created by human somatic cell transfer.  I was in a meeting not long ago near Stanford when Paul Berg asked Senator Frist, “If you had a patient, as a physician what would you tell that patient if there were a therapy available in the UK that was made by this process but was illegal in the United States?  What would you say?”  Senator Frist was unwilling to answer that question; I think as he has been.


Conservative Protestant – the Pope – you know, the alliances that have been made on this issue, which would include some women’s groups – for example, opposing human cloning technology on the basis of its violating women’s rights over their own bodies – very odd and something that we haven’t seen before.  And yet, there are encouraging parts; for example, Senator Feinstein introducing her bill which would ban reproductive cloning but allow research cloning to go forward.  And recently, Senator Hatch, after a lot of thought, and I think careful thought, articulating his position in favor of that.  Quite a useful statement, I think.


Senator Feinstein’s bill was based on the California Cloning Commission’s report that was delivered recently in Sacramento, and it was the process of a five-year set of meetings.  There were twelve of us on the Commission.  It was kind of like a jury experience.  Bioethicists, scientists, physicians, and attorneys.  In the end, the recommendation was unanimous to allow research cloning to move forward, to prohibit human cloning to make a baby, and also, to attach appropriate IRB-type oversight to cloning research to make sure that the self-policing that happens within the scientific community was consistent and appropriate to the public anxiety about the possible misuse of these technologies.


Senator Specter has been an opponent of the Brownback approach for quite some time.  Senator Thurmond is a late convert to this, but both, I think, helpful to the cause.


We talked a little bit about what’s happening at NIH, and the question, of course, is who is this man?  It’s the President’s nominee for director of the NIH, a Johns Hopkins’ researcher – Elias Zerhouni – and a lot of questions in the scientific community about what kinds of commitments he made, what kinds of representations he made, and was there a “litmus test,” as the Washington Post suggests, to support the President’s position on stem cell research and human cloning, perhaps even against some of his own past statements and his own work?


Where we end up is not in the best place but probably a necessary place, given the diversity of our culture.  These are books all out within the past month, all in some way focused on cloning, on stem cell research, and all with different views, but focusing on the cultural anxiety that is so much a part of the fabric of our culture right now.  I think, Senator Ortiz, that’s what we see in the Senate.  When you take cultural anxiety and you graft it onto partisan politics, you have very ugly offspring.  So, where we are now, I suppose, in hearings like this, and in the excellent testimony we’ve had from the scientists on this panel, is trying to encourage our own group of ideas and right thinking and accurate thought that can be transplanted into the body politic to make it, perhaps, behave best for its own health and all of our health.


With that, thank you.


SENATOR ORTIZ:  Thank you all.  


Every opportunity I have to sit and listen and have this issue furthered by those who work every day on it, I come away with a greater sense of respect and appreciation for gaining knowledge and with good intentions of saving lives.  It’s been wonderful, again, and I thank all of you for being a part of that and making it possible.


We have a bit of time, I believe, for some questions, so I do want to make sure that the presenters are available.  I want to give about ten minutes because I think we cut off a lot of potential and great questions that the presenters provided.


Mr. Reed.


MR. REED:  I heard a statement recently from the Federal Bureau of Investigation, of all people, that America spends $1.35 trillion on our healthcare costs.  I was wondering if anybody knows, or if anybody can find out, what portion of that is on incurable diseases such as … (inaudible).  I think this is something that we need to find out.


SENATOR ORTIZ:  I don’t know that we’ve quantified that yet.  Let’s see whether we can for future discussions on this issue.  But thank you for asking the question.


Question?


MR. DWAYNE ROBB:  First of all, just a compliment to all the speakers today for doing a remarkable job of explaining the potential for this technology.


I’m Dwayne Robb, from Alliance Pharmaceutical, and a member of the board of CHI.  


Having been through several new technology exposures to the public, I was taken a little bit by the approach here and something I think we have to consider very carefully.  I think the public in general is with you on this research.  They do not have a problem about embryonic versus adult stem cells, and the sooner you get that out of the presentation and focus on the benefits, the greater the potential for the technology and not where the cells comes from.  I think you’re reacting way too much to that issue.  That’s an issue, from the political standpoint, that may be important to Sam Brownback, and it may be important there, but to the general public, that’s not what they’re concerned about.  


Their concern is the trust that you would like them to take on your word that you won’t abuse this technology.  They could listen to each of you today and say, “Absolutely, I trust those guys,” but they don’t trust everybody.  They have learned from us, as we told them that genetically modified foods were no problem, and then we had the Monarch butterfly and then we had StarLink and a few other things that made them pull back a little bit about that.  And the terminator gene.  You remember that?  It took a lot of hard work to get the public back on our side.  We did “Bio 2001” here last year.  We had police everywhere.  We had this city in a lockdown because of the worry about protestors against that.  They found the other-side clients are natural allies who are going to side with them.  In this case, it’s the people who have the abortion issue, but they’re a minor voice about that. 


I think we need to move on to the thing that concerns everyone:  What safeguards are you going to put forward?  Help me understand what you go through before you do these experiments.  I have great hope for the technology, but give me the ethics.  You talk about it, but you don’t really show it to me:  These are the procedures we go through to do it.  Give me comfort that you’re doing everything right.


And I’ll take one more.  There is great promise for genetic therapy, and then we had Jesse Gelsinger, and suddenly the public got worried again.


SENATOR ORTIZ:  Excuse me.  Do you have a question?


MR. ROBB:  I don’t really have a question.


SENATOR ORTIZ:  Thank you for actually framing some other issues that we will probably have to address at some point, but I do want to either give others an opportunity to ask a question or possibly wrap up.  I know Mr. Reed, who’s worked so hard in this area, wanted to have a moment to raise an issue he’s been working on.  I want to provide time for him to do so – unless there’s a final question from the audience.


Okay.


MR. REED:  I’m Don Reed.  I’m the sponsor of the Roman Reed Spinal Cord Injury Research Act.  I’d like to tell you about my best day in my life and my worst.


My worst is easy.  On September 10, 1994, my son was playing college football, a middle linebacker, having a great day:  eleven unassisted tackles, a forced and recovered fumble, a diving interception.  But then on the fourth quarter, third play, he went for the tackle, as he always had, buried under a pile of bodies like always, but everybody else got up and walked away, and he didn’t.


At the hospital they told us a lot of words I never thought about:  spinal cord injury, paralysis, quadriplegia, permanence.  Things I never dreamed about.  If I go to the restroom, it takes me 30 or 40 seconds.  If my son goes to the restroom, it takes him 45 minutes, 4 to 6 times a day.  On other days it takes him two hours.  Just to go to the bathroom.  For some people, spinal cord injury is tremendous pain, like having skin scraped off by sandpaper and having gasoline poured onto your body.


The best day of my life is today because we’re fighting back against something that was considered impossible to cure.  The first recorded instance of the mention of paralysis was on the walls of the Egyptian pyramids.  They talked about paralyzed soldiers.  It said, “Deny them water.  Let them die.  There is nothing that can be done.”  Today we know that there are things that can be done, and you guys are fighting for that.  Thank you.


The idiocy of the Brownback bill is hard to fathom, and unless you have heard some of the things these people say, it’s hard to believe what they say.  I went to the hearing in which, I believe, Senator Battin proposed a miniature Brownback bill for California, which they’re trying to do all across the country, and it was unbelievable.  He could speak more falsehoods in fewer sentences than anybody I’ve ever seen.  They use stuff like “embryo farms.”  Things the President repeats.  And the people that spoke to back him up were all the religious right-to-life groups.


You hear a lot about this broad coalition that supports the Brownback bill.  Bunch of bull.  You take a look at the people actually backing them up, and you may have scattered individuals from different groups.  But the actual groups?    Uh-uh.  Every major medical, scientific, and education group that has taken a position on this bill supports somatic cell nuclear transfer and opposes the Brownback act.


Abraham Lincoln said, “As our cause is new, so must we think anew and act anew.”  It’s interesting, even the most virulent opponents of SCNT oftentimes are damned by their own definitions.  I looked up the definition of the beginning of a life by the most conservative group – the United States Catholic Commission bishops – and they said, “As we all know, SCNT is invalid because life begins when sperm and egg unite.”


As you heard today, sperm and egg do not unite in somatic cell nuclear transfer.  There is no womb of a woman, no sperm of a man.  It is something new.  It is out of the patient, by the patient, and for the patient.  It is of the person.  It is an improvement of life, not a diminution.  


Thank you so much for your help.  A huge battle lies ahead.  I would like to say that my e-mail is divrdon@pacbell.net.  Every morning I get up at 1:30, and I work until six, when I go to school, on this bill.  It’s the most important thing in my life.  I will also promise you that we will challenge the Brownback act as hard as we can.  I know if it passes, the first thing I will try and do is to get my son to go over to England, and we will purchase some form of therapeutic cloning, if you like, somatic cell nuclear transfer research, and then I will come back.  I will encourage him to stay.  I’d be perfectly willing to spend ten years in jail if this can help defeat this awful thing, because think what it would otherwise do.  If the Brownback bill passes, it will condemn millions to permanent incarceration, needless incarceration, by the confines of disease which we could cure.


Thank you for your help.  You are more important than you know.


SENATOR ORTIZ:  Unless there are any final questions, let me once again thank everybody.  It’s been so heartwarming to see the commitment and the focus on this issue.  That’s the story, and I don’t need to say anymore.


Thank you all.
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