Chapter Corner
Stem Cell Research Is Focus of Key Speakers at the Northern California Chapter Conference

The Northern California Chapter Conference, held March 12-15, 2006, in Berkeley, California, featured a keynote address and a plenary session on stem cell research. Following are reports on both presentations.

Plenary Session
The Stem Cell:  Science, Ethics, and Politics 

Christopher Thomas Scott, Executive Director, Stanford Program for Stem Cells and Society, and Lecturer in Human Biology, Stanford University
By Catherine Magill, PhD  

Without stem cells we would rapidly disintegrate and die. Under normal conditions, a healthy human loses 1 million cells per second, equal to 1 billion cells per hour. As Christopher Thomas Scott, author of Stem Cell Now1 noted, several of our cell types “turn over rapidly and without stem cells to replace them we would lose our intestine within 2 days, our skin within 3 weeks, and our red blood cells within 4 months.”  
Functionally, there are several types of stem cells with different capacities that give rise to differentiated cell types. The rule of thumb is that the more different cell types that a stem cell can give rise to, the earlier it comes in the lineage process—thus, totipotent stem cells can give rise to any of the approximately 200 cell types within the body, including those needed to support a fetus (placenta); pluripotent (embryonic) stem cells can give rise to any cell type, except those required to support a fetus); and multipotent (cord blood) stem cells can give rise to several cell types within a specific tissue. Adult stem cells are the most restricted of all.
In an engaging presentation, Mr. Scott provided a brief update on a variety of scientific aspects of current stem cell research, as well as discussed ethical questions and the politics associated with such research.
Science

Cancer connection.  Mr. Scott noted that recent research has indicated similarities between stem cells and cancer cells, most notably the capacity for self-renewal and their undifferentiated status. Studies are ongoing to understand whether cancer is the case of a stem cell “gone wrong.”  As cancer therapies target the cells that are derived from such a miscreant stem cell, but not the stem cell (they do not divide as quickly), novel therapies that target the stem cell may eradiate cancer at its source.

Stem cell differentiation.  The signals that regulate stem cells and direct the differentiation of stem cells into functional cell types are largely unknown. Much of this work has been done in model organisms, such as Drosophila, where biochemical signaling pathways are better understood.  But additional research is ongoing to understand other forces that may regulate the pathways that stem cell progenitor cells take. For example, osteoblasts can become different tissues depending on the physical forces to which they are exposed:

· Pressure and tensile strain: fibrocartilage (meniscus)
· Pressure: cartilage

· Tensile strain: fibrous tissue

· Unloaded or mild tensile strain: bone and blood

Tissue engineering. Stem cells grown on 3-dimensional support scaffolds, in the presence of cytokines, form mini-organs, such as a mini-kidney,
 which makes a straw-color fluid, and urinary bladders, which are under clinical evaluation in patients who have had bladder cancer.
Ethics

According to Mr. Scott, more than 1,000 patients have received stem cells in a variety of clinical trials, including 5 or 6 approved in the US. In one trial, hematopoeitic stem cells are injected into the heart after a myocardial infarction, where they are expected to integrate into the ischemic heart and differentiate into myocardial muscle tissue. However, he noted that little is known about the nature of stem cell plasticity. An ongoing debate centers on how much we really need to know about stem cells before using them in patients, with one side arguing the importance of understanding the mechanisms by which cells differentiate and integrate into tissue appropriately, and the other side arguing that it is not so important to know how it works, just that it does work.
What makes a human?  After describing the development of a “human neural mouse”
 containing approximately 1% human cells in its brain, Mr. Scott raised the interesting question, “What makes an organism human? Is it 1% human neurons, 10%, 50%?”  Some, he said, make the argument that it is all about the architecture, but how is this measured and furthermore, how can it be regulated?
Politics
Competitiveness of the US:  Of the approximately 70 “registered” stem cell lines that have been approved for research by the president, only 10-12 are usable for research and none are therapeutically useful, due to potential contamination with animal viruses. The good news is that the Bush administration has recently signed an initiative that supports and expands the use of cord blood for research; however, cord blood stem cells have restricted potential, thus this expanded freedom of research has its limitations.
One fallout of current research restrictions is the establishment of clear boundaries, which recipients of private funds must adhere to, but are difficult to follow in practice. Different facilities must be used for privately funded and government-funded research, requiring separate core equipment (such as confocal microscopes, DNA sequencers, and so on) and duplicate stocks of all routine items, which must be tracked and paid for out of separate accounts. The climate is likely to get even worse, Mr. Scott says, with the impending passage of the Brownback legislation (which has passed in the House and is now in the Senate), criminalizing research with or the use of products derived from stem cell research, mandating a jail sentence of up to 10 years and a minimum fine of $1 million. Not surprisingly, this has paralyzed cell biology research in the US and has encouraged the movement of such research offshore. Mr. Scott commented that researchers are distressed by the slow rate of stem cell research publications by American researchers and the correspondingly higher rate of such publications by researchers in foreign laboratories.  

Korean scandal: Mr. Scott briefly touched on the recent scandal involving the Hwang laboratory in Korea. The retraction of that laboratory’s Science articles
, due to fabricated data and ethical problems in embryo collection, has set the field back substantially, and restrictions on American stem cell research has made it impossible for American laboratories to engage in replication of this research. Tragically, the media excitement has needlessly raised and dashed the hopes of potential patients who were led to believe that stem cell therapies might be closer to reality than previously thought.

However, in Mr. Scott’s view, a positive side effect of this conspiracy of moral issues, federal regulations, and the patent stranglehold held by the University of Wisconsin and Geron is a resurgence of entrepreneurial spirit, resulting in novel approaches to developing stem cell lines: 
· Removal of a single cell from the morula, for stem cell line derivation, a procedure which is already used for preimplantation genetic diagnosis (PGD) of in vitro fertilized (IVF) embryos and does not harm the embryo (but is potentially risky).  
· Genetic engineering of embryos to prevent the morula from implanting
· Evaluation of “subgrade” embryos that are unacceptable for IVF implantation, but might make perfectly acceptable stem cell lines
In summary, Mr. Scott noted that we have a very long way to go to truly understand the biology of stem cells and their regulation. However, the promise is unparalleled and, despite the restrictions, researchers are making substantial progress. The use of stem cells as a well understood therapeutic option is a long way off, and this delay can be addressed only by long-term and well funded research programs, in which America must be involved.
Catherine Magill is a freelance science writer and editor in Palo Alto, CA.
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